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For vocal pedagogues of western classical singing (henceforth referred to as ‘classical singing’), one of the core missions is to help singers develop voices that will carry through a symphony orchestra in large venues without any microphone or sound amplification. To achieve this, optimizing vocal tract acoustics is imperative. 
There is a substantial amount of literature covering the field of vocal acoustics, consisting of both peer-reviewed studies and so-called grey literature, a moniker for sources that have not undergone a peer-review process to assure scholastic quality, but that with the increasing amount of PaR (Practice as Research) fills an important gap when evaluating practice (Lawrence, et al., 2014; Adams, et al., 2017; Schöpfel, 2011). 
An aspect that many authors of grey literature agree upon, both historically (Garcia, 1847; Duprez, 1846; Marchesi, 1904; Bassini, 1857; Hey, 1884; Stockhausen, 1884; Battaille, 1863; Faure, 1886; Delle Sedie, 1890; Lehman, 1914) and in more modern times (Vennard, 1967; Doscher, 1994; Bozeman, 2013; Howell, 2016; Chapman & Morris, 2021; Miller, 1996; McCoy, 2016; Jones, 2017; Stark, 1999), is the importance of a low larynx position when singing classical music. While in older times, the larynx was sometimes depressed by lowering the chin and/or root of the tongue (Garcia, 1847; Duprez, 1846; Diday&Pétrequin, 1841), modern authors tend to promote a more open pharynx without tongue root depression (Vennard, 1967; Doscher, 1994; Bozeman, 2013; Howell, 2016; Chapman & Morris, 2021; Miller, 1996; McCoy, 2016; Jones, 2017; Stark, 1999), possibly because of the insights science-based vocal acoustics has brought to the vocal community (Sundberg, 1977; Sundberg, 2001; Sundberg, 1972; Sundberg, 1980; Titze, 1994). 
The lower larynx position and open pharynx make the tone more carrying, but also darker, rounder and warmer, as the first formant (F1)is enhanced (Sundberg, 2001; Bozeman, 2013; Miller, 2008; Doscher, 1994). Bozeman explains that all acoustic registration events “are caused by or related to interactions between the first formant and voice source harmonics” (Bozeman, 2013, p. 13), so in order to achieve timbral depth, the singer should have at least one harmonic near F1 (Bozeman, 2013). The location of F1 is also the place where the preconditions for the singer’s formant cluster are created (Sundberg, 2001), the acoustic phenomenon that makes it possible for male voices and also lower alto voices to be heard through an orchestra when singing in the first octave and below (Sundberg, 2001). The classical singer therefor often aims at developing a convergent shape of the vocal tract, i.e. wide pharyngeal opening combined with an obstruction nearer or at the mouth opening (Sundberg, 2001; Doscher, 1994; Miller, 2008; Bozeman, 2013; Titze, 1994; Doscher, 1994). 
Singing is a complex system where aspects such as breathing, glottal closure and acoustics constantly interact with each other. Breathing for singing has been covered by many authors of grey literature (Chapman & Morris, 2021; Miller, 1996; Sadolin, 2009; Morris & Hutchinson, 2017; Ragan, 2021; McCoy, 2016; Stark, 1999) as well as in several studies (Watson & Hixon, 1985; Thorpe, et al., 2001; Foulds-Elliot, et al., 2000; Thomasson & Sundberg, 2001; Watson, et al., 1990; Sundberg & Leanderson, 1988; Sundberg, 1993). However, quite little seems to have been written about possible correlations between breathing strategies and their influence on vocal acoustics. 
Nevertheless, there are strong indications on a link between diaphragmatic activity and low larynx position through the tracheal pull, which is the pulling force executed by the contracted diaphragm on the trachea (Zenker & Zenker, 1960; Sundberg, 1993; Sundberg, 2001; Sundberg, 1972; Sundberg, et al., 1991). There are also indications that the level of diaphragmatic activation can be seen on the abdominal wall, which moves outwards or inwards depending on the degree of diaphragmatic and abdominal muscle activity (Sundberg & Leanderson, 1988; Sundberg, 1993; McCoy, 2016; Chapman & Morris, 2021; Morris & Hutchinson, 2017). When the diaphragm is activated it descends, pressing the intestines downward, making the abdominal wall expand, and when the abdominal muscles are activated, an inward movement of the abdomen can be seen (McCoy, 2016; Chapman & Morris, 2021; Morris & Hutchinson, 2017; Sundberg, 2001). 
A breathing strategy that keeps the abdominal wall expansion during phonation is often referred to as belly out-technique, as opposed to various belly in-techniques. While the old Italian school, that kept the belly in an inward position during the whole respiratory cycle (Diday&Pétrequin, 1841; Lamperti, 1905; Garcia, 1847; Lehman, 1914), is sometimes still seen in today’s singers, the belly in-technique that seems to prevail today is the one used in the accent method, with a full expansion of the abdominal wall during inspiration, and a continuous inward movement of the abdominal wall during phonation (Chapman & Morris, 2021; Morris & Hutchinson, 2017). This causes the abdominal wall to bulge out after each phrase, when a new breath is taken: something that is often referred to as abdominal release or SPLAT, a term coined by Janice Chapman, abbreviation for Singers Please Loosen Abdominal Tension (Chapman & Morris, 2021). 
The possible effect of these two breathing techniques on vocal acoustics has long been of interest to me, and has raised questions such as: “If the activation of the diaphragm causes a tracheal pull, shouldn’t the larynx be lower, and hence the voice have more of the F1-qualities (more carrying, round, warm etc.), in a belly out-technique than in a belly in-technique?”. My personal journey involves a shift from a belly in-technique (like the one used in the accent method) to a belly out-technique. With this shift I experienced a dramatic change in vocal acoustics, with a lower larynx position and a more round and warm tone. This change was so considerable that colleagues thought I was singing a minor third lower than I was, due to the new darkness. This experience is also consistent with many of my observations of other singers, where I perceive more warmth and darkness in the voice when the abdominal wall is left in an outward position during each phrase. This is quite easy to observe, as there is no (or at least much less) visible abdominal release (SPLAT) in between the phrases. 

Having previously examined both vocal acoustics and breathing separately, my aim with this final project is to examine possible relations between the two of them. 
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This will be mixed-method research, consisting of a quantitative experimental study and surveys with both quantitative and qualitative questions.

[bookmark: _Toc211294055]Research Methods

To explore how different breathing patterns might influence vocal acoustics, I will use the following three methods: literature review, experimental study and surveys.

1. Literature Review

In my previous independent study, entitled Belly In or Belly Out – How can Understanding the Historical Evolution of the Belly In/Belly Out-Debate Benefit classical Vocal Pedagogy, I conducted an extensive literature analysis of existing breathing literature. I intend draw from these sources, with the addition of more recent research, as well as research that connects breathing to vocal acoustics. The review will consist exclusively of peer-reviewed articles.

2. Experimental Study 

Research Question: Is there a difference in vertical laryngeal position and voice quality when singing with and without abdominal wall expansion?
Participants: The participants in the study will be 10 singers chosen by me among my students and colleagues. There will be no random selection, but I will choose singers of different levels, background and amount of training.
Method: To explore if and how abdominal wall expansion influences vertical laryngeal position and voice quality, I will use the following measuring devises: 
· Two respibands to separately detect abdominal wall and rib cage expansion. 
· EGG to measure vertical larynx position. 
· Accelerometer and sound recording to measure voice quality. The accelerometer is placed right beneath the vocal folds below the EGG, and it serves to record the sound signals before being filtered by the vocal tract.
The participants will be given the same tasks to sing, such as triads, scales and octaves on different vowels. The experiment will consist of two parts, called Exp1 and Exp2. In Exp1, the participants will perform the tasks with only the above-mentioned measuring tools on. In Exp2, the respiband measuring abdominal wall expansion will be replaced by a belt that will inhibit abdominal wall expansion. I will then confront the data from the tasks performed without and with the abdominal wall inhibition, to examine if there is any difference in vertical laryngeal position and voice quality.

Hypothesis: By inhibiting abdominal wall expansion, there should be less tracheal pull due to less diaphragmatic activity. In singers who are trained to keep the belly out during singing, and keeping their larynx low, the hypothesis is that the larynx position should be higher when not being able to expand the abdomen. 
Research Location: The phonetics laboratory at the Department of Linguistics at Stockholm University.  
Supervisor of the quantitative study: Marcin Wlodarczak, PhD and Senior Lecturer in Phonetics at the Department of Linguistics, Stockholm University.

3. Surveys

The participants will answer three surveys: one pre-experimental, one between Exp1 and Exp2, and one post-experimental. The surveys will have both quantitative and qualitative questions.
As a practitioner, I am aware of the possible challenges of having singers acting “as usual” in a laboratory environment far from their natural artistic habitat. I therefore highly value including the participants’ own experiences and perceptions in my research. They will obviously not change any results of the experimental study but can offer valuable information about to which level the participants are conscious of their breathing strategies and to which degree they were influenced (positively or negatively) by the situation, the laboratory environment and all the equipment. 

[bookmark: _Toc211294056]Analysis 
The quantitative data will be statistically analyzed and presented scientifically in tables and graphs. 
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Ethic approval: Ethic approval will precede any contact with the participants (See Appendix 2). 
Consent: All information for participants will be clearly formulated in a consent form to be signed before the experiment (Appendix 3). Participants will be asked to freely consent to participate in the experiment and to have their sessions audio recorded. It will be clear they can withdraw from the research at any time, and omit any tasks, exercises, or questions should they not feel comfortable. 
Data Protection: Names of participants will be changed to ensure anonymity. All digital data will be confidential, protected in accordance with GDPR and stored in personal laptop with encrypted password. Paper documents will be scanned to the encrypted storage and then destroyed. Consent will be sought for any publication of audio material post-study.
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The aims towards personal learning outcomes of this study are to:
· monitor present research of breathing for singing.
· deepen my knowledge of how breathing may influence vocal acoustics.
· design and accomplish a quantitative experimental study.
· learn to use laboratory equipment for quantitative measurements.
· learn basic statistical analysis to present quantitative data.
· work towards presentation and publication of my research.
· work towards a doctoral studentship.
· further develop my pedagogic skills.
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The intended impacts of this study are:
· Contribute to monitoring up to date research in the field of breathing for singing and identify possible gaps.
· Contribute to knowledge of how breathing may influence vocal acoustics.
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Due to two study interruptions for personal reasons, I renewed this time scale when entering my studies again in August 2024 and June 2025.
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The aim of this project is to investigate possible links between breathing techniques and vocal acoustics in western classical singing (henceforth referred to as ‘classical singing’).
In previous modules during this MA, breathing and acoustics have been examined separately. When analyzing peer-reviewed literature on breathing related to classical singing, the studies so far analyzed have or explored breathing per se (Watson & Hixon, 1985; Watson, et al., 1990; Thomasson & Sundberg, 1999; Thomasson & Sundberg, 2001), or breathing linked to aspects such as singing with more emotion (Thorpe, et al., 2001) singing with more muscular support (Foulds-Elliot, et al., 2000), activity in diaphragm and abdominal muscles (Sundberg, et al., 1991), subglottal pressure (Sundberg & Leanderson, 1988) or activity in neck muscles (Pettersen & Westgaard, 2005; Pettersen & Westgaard, 2003). 
There are some early studies on the tracheal pull (Sundberg, 1993; Sundberg & Leanderson, 1988), which can be described as the pulling force the trachea exerts on the larynx: a pulling force which “increases if the diaphragm descends, as after a diaphragmatic inhalation” (Sundberg, 1993, p. 49). Sundberg defines the tracheal pull as “the link between respiration and phonation” (Sundberg, 1993, p. 49), but as the tracheal pull lowers the larynx, and a lowered larynx affects vocal tract acoustics, it seems as a logical deduction that the tracheal pull could also be an important link between breathing and vocal tract acoustics. 
To gain as much in-depth knowledge about this field as possible, a new literature study will be undertaken, followed by an experimental study. The renewed literature study will focus on peer-reviewed articles about breathing for classical singing, and in particular articles about the tracheal pull and possible correlations between breathing and vocal tract acoustics. Already examined articles will be included for a renewed and more in-depth review, together with more recent articles not yet analyzed. The process of this literature review will also, hopefully, offer valuable insights into how to conduct an experimental study on breathing for singing.
The experimental study will be exploring the same field. Since “a bulging out of the abdominal wall would (…) arise as a consequence of diaphragmatic activation” (Sundberg & Leanderson, 1988, p. 2), it seems possible that a breathing technique in which the abdominal wall is maintained expanded throughout each phrase would result in a lower larynx position, than would a breathing technique focusing on the inward movement of the abdominal wall during phonation. Such differing breathing techniques are in so-called grey literature, that has not undergone a peer-review process, often defined as belly out- and belly in-methods (Chapman & Morris, 2021; Miller, 1996; Sadolin, 2009; Morris & Hutchinson, 2017; Ragan, 2021; McCoy, 2016; Stark, 1999; Sundberg, 2001). To investigate possible correlations between breathing and vocal tract acoustics, the objective of the quantitative study of this project will be to investigate if abdominal wall expansion during phonation will impact laryngeal vertical position.

[bookmark: _Toc211294063]Aims, Objectives and Personal Learning Outcomes

The aim of this project is to gain a deeper understanding of how different breathing strategies might influence vocal tract acoustics. The objectives are to:
· monitor research on breathing for singing, with special attention to the tracheal pull and links between breathing and vocal acoustics.
· In an experimental study investigate possible correlations between breathing and vocal acoustics.

The intended impacts are to:
· contribute to monitoring up to date research in the field of breathing for singing and identify possible gaps.
· contribute to knowledge of how breathing may influence vocal acoustics.

The aims towards personal learning outcomes are to:
· monitor present research of breathing for singing.
· gain deepened knowledge of how breathing may influence vocal acoustics.
· design and accomplish a quantitative experimental study.
· learn to use laboratory equipment for quantitative measurements.
· learn basic statistical analysis to present quantitative data.
· work towards presentation and publication of my research.
· work towards a doctoral studentship.
· further develop pedagogic skills.
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In this literature review, peer-reviewed articles about breathing in classical singing will be explored. As the research question of this project is to investigate possible correlations between abdominal wall kinematics and vertical larynx position, special focus will be given to studies examining links between the respiratory system and other parameters, such as acoustics and phonation. 
As classical singers are expected to project over large orchestras in grand theatres without sound amplification, there are high demands in their ability to optimize vocal tract acoustics. A low larynx position is generally seen as necessary for classical singers (Mainka, et al., 2015; Sundberg, 1974; Shipp & Izdebski, 1975; Andrade, 2012; Guzman, et al., 2013; Herbst, et al., 2015). As the lowering of the larynx lengthens the vocal tract, it creates lower resonance frequencies, and hence a timbre of more depth, darkness and roundness (Echternach, et al., 2016; Herbst, et al., 2015; Mainka, et al., 2015), while a shortening of vocal tract length causes formant frequencies to rise, which could lead to tone qualities “clearly unfavourable in professional singing” (Thomasson, 2003, p. 61). A common metaphor in training classical singers is to sing as if yawning (Mainka, et al., 2015; Guzman, et al., 2013), since a yawn widens the pharynx, contracts the diaphragm, and lowers the larynx (Story, et al., 2001; Sundberg & Leanderson, 1988), something that may lead to flow phonation (Sundberg & Leanderson, 1988) and the singer’s formant cluster (Sundberg & Leanderson, 1988; Mainka, et al., 2015). Alongside the acoustic advantages of a lower larynx position, there also seems to be a correlation between a lower larynx and increased sound pressure level (SPL) as well as decreased glottal leakage (Thomasson, 2003). 
Singing with a lowered larynx can be achieved by activating the infrahyoid muscles in the neck (so-called strap muscles) (Echternach, et al., 2016; Herbst, et al., 2015), but also through tracheal pull (Vilkman, et al., 1996; Thomasson & Sundberg, 1999; Thomasson, 2003; Griffin, et al., 1995; Traser, et al., 2022; Sundberg, et al., 1989; Herbst, et al., 2015), a mechanism that Vilkman et al. calls “often overlooked” (1996, p. 78). The tracheal pull has been defined as “a bio-mechanical link between the respiratory and the laryngeal systems” (Thomasson, 2003, p. 61). The link between breathing and phonation through the tracheal pull is partly based on very early research by Zenker and Glaninger (Zenker, 1964; Zenker & Glaninger, 1959) and became a topic in focus for a substantial amount of research at the KTH-laboratory in Stockholm from the 1980’s until the beginning of this century (Sundberg & Leanderson, 1988; Sundberg, et al., 1989; Sundberg, et al., 1986; Sundberg, 1993; Thomasson, 2003; Thomasson & Sundberg, 2001; Iwarsson, 2001; Iwarsson & Sundberg, 1998; Iwarsson, et al., 1998). There has since been a gap in this research, possibly and partly due to the complexity of a combined examination of respiratory and phonatory systems. Further, the measuring of diaphragmatic activity previously required very invasive methods, which led to the participants being the researchers themselves and hence non-professional singers (Sundberg, et al., 1989). Early MRI-studies were made to measure larynx height in singers (Neuschaefer-Rube, et al., 1996), but it is not until quite recently that also diaphragmatic activity has been analyzed with MRI-technology (Echternach, et al., 2016; Traser, et al., 2022; Traser, et al., 2021). The earlier KTH research hence remains a valuable point of departure when approaching this topic. 
The physiology of the tracheal pull can be explained as follows: During deep, diaphragmatic inhalation, the trachea is lowered, and because of the elasticity of the tracheal cartilages this also causes a lowering of the larynx. The tracheal pull can hence be assumed to be greater at high lung volumes than low lung volumes (Vilkman, et al., 1996; Thomasson, 2003; Iwarsson & Sundberg, 1998). According to Thomasson, this is something that singers can compensate for by developing “an accurate strap muscular compensation of tracheal pull variations” (Thomasson, 2003, p. 70). It is important to bear in mind that the combined activities of external laryngeal forces are complex. Iwarsson points out that the tracheal pull will make the larynx descend “if muscles elevating the larynx exert no compensatory action” (Iwarsson, 2001, p. 386). The tracheal pull alone might hence be no guarantee for a lowered larynx.
For singers it is essential to have optimal control over subglottic pressure, and an important part of this consists in creating breathing patterns that enable balance between expiratory and inhalatory muscles (Sundberg, et al., 1986; Yeo, et al., 2018). Alongside the yawn-metaphor (Mainka, et al., 2015; Guzman, et al., 2013), another common metaphor in training classical singers is to sing as if inhaling, or with the old Italian term inalare la voce (Mainka, et al., 2015; Guzman, et al., 2013; Story, et al., 2001; Herbst, et al., 2015). This refers to a sensation of breathing in, even though the air is exhaled, and could be physiologically explained as maintaining inhalatory muscle activity also during phonatory exhalation (Köberlein, et al., 2024). This way of delaying the expiratory forces is often called paradoxical breathing behavior and has been observed in several studies of how singers breathe (Watson & Hixon, 1985; Watson, et al., 1990; Pettersen & Westgaard, 2005; Foulds-Elliot, et al., 2000; Thorpe, et al., 2001; Salomoni, et al., 2016; Collyer, et al., 2009). Traser et al. (2021) refer to this as “mixed inhalatory slowing” (2021, p. 2) as the diaphragm can act like a breaking mechanism of the expiratory forces, working in coordination with the thorax to balance subglottic pressure. 
Balanced subglottic pressure can be achieved in different ways depending on which inhalatory and expiratory muscles are activated (Sundberg & Leanderson, 1988). Which inhalatory muscles are activated as breaking mechanism can be visible from the outside, since “the abdominal wall may be bulging out or pulled in during phonation, depending on the relative activation of the expiratory intercostals and the abdominal wall musculature” (Sundberg & Leanderson, 1988, p. 2). The bulging out of the abdominal wall occurs when the diaphragm is contracted (Sundberg & Leanderson, 1988; Sundberg, et al., 1989), and Thomasson further suggests that the positioning of the abdominal wall (AW) is relevant to the tracheal pull, as the lowering (activation) of the diaphragm causes the abdominal wall to expand (Thomasson, 2003). In the singers examined by Traser et al. (2021), and thanks to the possibilities of refined MRI-technology, a variation in the different parts of the diaphragm was found, with the posterior and medial sections being elevated during phonation, while the anterior section worked in the opposite direction and acted as breaking mechanism with the thoracic muscles (Traser, et al., 2021). This offers insights into the complexity of the diaphragm, even if it is not clear how the activation of certain parts of the diaphragm influences abdominal and chest wall kinematics.
The positioning of the abdominal wall has led to the so-called belly in/belly out-debate. To avoid confusion, it is important to specify that what is meant by belly in/belly out in this literature review is the behavior of the abdominal wall during phonatory expiration, even if there has been research (Iwarsson, 2001; Thomasson, 2003) using these terms whilst only referring to the inhalatory phase. 
In many studies (Hixon, et al., 1973; Watson & Hixon, 1985; Watson, et al., 1987; Watson, et al., 1989; Watson, et al., 1990; Thorpe, et al., 2001; Foulds-Elliot, et al., 2000; Salomoni, et al., 2016; Pettersen & Westgaard, 2005), all or most singers examined have used belly in-strategies, which has led to assumptions that this is how opera singers generally breathe. Collyer et al. (2009) note that for some reason, belly out-strategies have had a bad reputation in the vocal pedagogue community. To examine how singers support their voices, some studies have analyzed participants singing in different ways and compared the results. Researchers have examined singing with and without support (Sonninen, et al., 2005; Griffin, et al., 1995; Sonninen, et al., 1993), with and without “projection” (Thorpe, et al., 2001), and with and without emotional connection/stimulus (Foulds-Elliot, et al., 2000; Pettersen & Bjørkøy, 2007).
A main conclusion of both the Thorpe and Foulds-Elliot studies (Thorpe, et al., 2001; Foulds-Elliot, et al., 2000) was that more chest wall expansion (and hence less abdominal wall expansion) were found when the subjects sang with emotional connection (Foulds-Elliot, et al., 2000), or with projection (Thorpe, et al., 2001). In the Thorpe study (2001), the results also indicated better control over subglottic pressure when activating the abdominal muscles. Three studies (Sonninen, et al., 2005; Griffin, et al., 1995; Sonninen, et al., 1993)  have examined the difference between “supported” and “un-supported” singing. In the study from 1995 (Griffin, et al.), five of the eight singers described their breathing strategies as belly in-strategies with “chest uplifted”, “chest expanded”, “stomach in and up” and so on (Griffin, et al., 1995, p. 49). The other singers used more metaphorical terms like “balanced” (“balanced muscular response”, “balance between chest and diaphragm” and “balanced alignment” (Griffin, et al., 1995, p. 49). This study is ambitious as it did acoustic, spectral, airflow, electroglottographic, air volume, and stroboscopic analyses. However, the authors did not analyse average data on breathing, since “breathing patterns among the subjects were so variable” (Griffin, et al., 1995, p. 53). In the first study by Sonninen (1993), the results show that supported singing was characterized by a longer phonation time, lower larynx position, higher subglottal pressure, faster glottal closing speed, and (especially in male singers) a greater difference between first formant and fundamental. In the second study (Sonninen, et al., 2005), there was also a jury of singers, pedagogues and voice experts listening to the samples and evaluating whether the singers sang with or without support. Breathing was not measured, neither in the first nor in the second study, although stressing that “Support is closely connected with respiration” (Sonninen, et al., 2005). 

Salomoni (2016) highlights the questionable nature of asking singers to perform with and without support, as “they must artificially emulate a non-habitual (and otherwise never used) breathing pattern, and it is unclear whether it is possible to avoid features of their own habitual patterns” (Salomoni, et al., 2016, p. 2). It is justified to express the same critical objection to asking singers sing with and without emotional connection. 
As opposed to previous studies in which non-physiological instructions had been given, Collyer et al. (2009) examined the effect of giving physiologically oriented instructions to expand and contract the abdominal wall during singing. Taking into consideration the questionable nature of having singers sing in a non-habitual way, they also added a first task in which the singers were asked to sing as they were used to. One of the objectives of this study was to examine if experienced listeners would perceive belly out-strategies as having a lesser quality than belly in-strategies. The listener jury (all experienced singers and teachers) generally rated the habitual way highest, and then the strategy that most resembled each singer’s habitual strategy, whether it be belly-in or belly-out strategies. The authors therefore conclude that they found “no support for the pedagogical assertion that the abdomen-ouT directive necessarily results in a perceptibly lower standard of singing” (Collyer, et al., 2009, p. 22) and that the findings rather “suggested that the standard of singing was compromised by any directive that elicited CWK [Chest Wall Kinematic] behavior antithetical to habitual behavior” (Collyer, et al., 2009, p. 22). 
While the singers in many of the previous mentioned studies by Watson & Hixon (Hixon, et al., 1973; Watson & Hixon, 1985; Watson, et al., 1987; Watson, et al., 1989; Watson, et al., 1990; Thorpe, et al., 2001; Foulds-Elliot, et al., 2000) all show some kind of belly in-technique, studies by Sundberg and colleagues in Stockholm (Thomasson & Sundberg, 1999; Thomasson & Sundberg, 2001; Sundberg & Leanderson, 1988; Sundberg, 1993) indicate more variability. The focus of both the 1999 (Thomasson & Sundberg, 1999) and the 2001 (Thomasson & Sundberg, 2001) studies of Thomasson & Sundberg was to examine the consistency of singers’ breathing strategies, and not primarily the nature of those strategies. The authors are cautious with drawing any conclusions about how singers should breathe, as there might be several ways to achieve efficient singing (Thomasson & Sundberg, 1999; Thomasson & Sundberg, 2001). However, the same authors in a previous study, opened up for the possibility “a particular AW [Abdominal wall] behavior results in a specific positioning of the larynx that is favorable to phonation” although “there may be other means to achieve the same goal” (Thomasson & Sundberg, 1999, p. 382).
There are hence several ways to achieve a balanced subglottic pressure, by activating different groups of inhalatory and exhalatory muscles. In the Thorpe study (2001), the results indicated better control over subglottic pressure when using abdominal muscle activity. However, Sundberg suggests that the same subglottal pressure can be generated in different ways, depending on which breathing muscles are activated (Sundberg & Leanderson, 1988). In this context, it should be noted that the five participants of the Thorpe study (2001) were vocal professor Janice Chapman (also co-researcher of the study) and four of her students, selected by her, and that a transparent goal of this study were “to reduce the intersubject variability by recruiting singers who have been trained by a single teacher and so presumably follow a more consistent method of support” (Thorpe, et al., 2001, p. 86). With the Collyer-study (2009) in mind, it seems logical to assume that singers trained in a certain manner might handle subglottic pressure better when they reinforce their habitual technique. 
Since managing vocal tract acoustics is essential to classical singers, both to project and to be able to express emotions through different timbres, the question of how various breathing patterns may influence not only subglottic pressure, but also vocal tract acoustics, is relevant. Although there is a close relationship between subglottic pressure and SPL (sound pressure level) (Sundberg & Leanderson, 1988; Echternach, et al., 2016; Björklund & Sundberg, 2016; Herbst, et al., 2015), Echternach et al. (2016), suggests that SPL can also be regulated through phonation and vocal tract resonance. This can be achieved by tracking voice source partials (action known as formant tuning), which can increase SPL by enhancing vocal acoustics (Sundberg, et al., 2013; Garnier, et al., 2010; Joliveau, et al., 2004; Deme, 2014) and by enabling the clustering of vocal tract resonances 3-5, creating the so called singers formant cluster needed for lower voices to project over an orchestra (Sundberg, 1974; Mainka, et al., 2015). The relation between breathing and acoustics is not an often-researched topic, but in a study from 1986 (Sundberg, et al., 1986), possible correlations between diaphragmatic activity and vocal acoustics were investigated. Five untrained subjects and two trained singers performed various vocal tasks while watching a screen showing their diaphragmatic activity. They were asked to perform the tasks with and without diaphragmatic activity and the results showed that when engaging the diaphragm, the timbre sounded “more ‘dark’ or covered” even if one subject “discovered that he could produce both a ‘bright’ and a ‘dark’ tone with as well as without diaphragmatic activity” (Sundberg, et al., 1986, p. 353). The results also indicated that when the diaphragm was activated, all but one subject showed a less pressed phonation (Sundberg, et al., 1986). Echternach et al. (2016) found that the classical singers examined in their study lowered the larynx more when asked to perform loud singing. This is an indication that classical singers can increase SPL by adjusting the vocal tract, rather than increasing subglottic pressure, which is connected to the risk of vocal fold stress (Echternach, et al., 2016). Taking into consideration the bio-mechanic features of the tracheal pull and its role in lowering the larynx, investigating the links between breathing and acoustics seems relevant.
According to Traser et al. “DPH [diaphragmatic] activation is associated with an increase in tracheal pull and thus activation of cricothyroid muscles with lower laryngeal position and glottal abduction” and it may therefore exist a relationship between breathing and phonation as well as “vocal tract configuration and thus resonance strategies” (Traser, et al., 2022, p. 13). In their research on voice subsystem interactions, Herbst et al. (2015) also extend the possible link between breathing and phonation to include vocal tract acoustics, which seems logical as the vertical larynx position correlated to increased tracheal pull affects the timbre (Echternach, et al., 2016; Herbst, et al., 2015; Mainka, et al., 2015). Herbst et al. (2015) suggest a possible non-linear interaction of the tracheal pull affecting vocal tract acoustics, which in turn influences phonation. This might explain why research has found a firmer glottal closure and increased SPL correlated to lower larynx position (Thomasson, 2003). Although a lower larynx position per se tends to cause more abduction between the vocal folds (Zenker, 1964), the optimized vocal tract acoustics caused by the lower larynx position might affect phonation positively, thus compensating for the risk of vocal fold abduction caused by the tracheal pull. Alongside the earlier findings of cricothyroid muscle activity linked to diaphragmatic activity (Sundberg & Leanderson, 1988), this is a non-linear alternative (or rather complementary) analysis, as opposed to the traditional way of linear source filter, in which the respiratory system influences the other vocal sub-systems only cephalically.
Anti-reductionist research on the complex interactions between different vocal sub-systems is a challenging task, as so many aspects interact and can influence one another also in a non-linear way. However, if the tracheal pull enables a lower larynx position, and a lower larynx position is preferred in classical singing due to the improved acoustics, and possibly also phonation, analyzing the link between breathing and vocal tract acoustics might be rewarding. 
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The Relationship between Vertical Larynx Position and Abdominal Wall Expansion


[bookmark: _Toc211294066]Introduction

There is a general consensus among classical singers and pedagogues that a low vertical larynx position (VLP) is beneficial to classical singing (Mainka, et al., 2015; Sundberg, 1974; Shipp & Izdebski, 1975; Andrade, 2012; Guzman, et al., 2013; Herbst, et al., 2015; Echternach, et al., 2016; Thomasson, 2003). A low VLP can be achieved by activating the infrahyoid muscles in the neck (so-called strap muscles) (Echternach, et al., 2016; Herbst, et al., 2015), and by diaphragmatic activity causing the so-called tracheal pull (Vilkman, et al., 1996; Thomasson & Sundberg, 1999; Thomasson, 2003; Griffin, et al., 1995; Traser, et al., 2022; Sundberg, et al., 1989; Herbst, et al., 2015). During deep, diaphragmatic inhalation, the trachea is lowered, and because of the elasticity of the tracheal cartilages this also causes a lowering of the larynx. The tracheal pull can hence be defined as “a bio-mechanical link between the respiratory and the laryngeal systems” (Thomasson, 2003, p. 61). Since diaphragmatic activation generates caudal pressure on the intestines, it causes abdominal wall expansion (Thomasson, 2003; Sundberg & Leanderson, 1988). The hypothesis of a correlation between abdominal wall expansion and VLP is the focus of this study. It will also be investigated whether abdominal wall expansion affects voice quality.

[bookmark: _Toc211294067]
Objectives and Research Questions 

The main objective of this study is to investigate possible links between abdominal wall expansion, VLP and phonation quality. The research questions are:

· Is there a difference in vertical laryngeal position when singing with and without abdominal wall expansion?

· Is voice quality affected when singing with and without abdominal wall expansion?


[bookmark: _Toc211294068]Hypothesis 

Inhibiting AW-expansion should result in more expansion of the ribcage, and in decreased diaphragmatic activity. Due to the role the tracheal pull plays in lowering the larynx (Vilkman, et al., 1996; Thomasson & Sundberg, 1999; Thomasson, 2003; Griffin, et al., 1995; Traser, et al., 2022; Sundberg, et al., 1989; Herbst, et al., 2015), it is hypothesized that VLP will be higher when inhibiting AW-expansion. For the research question whether AW-expansion affects voice quality, there is no hypothesis as this will be investigated as an open question.            

[bookmark: _Toc211294069]Methods

This study consists of a quantitative experimental study and mixed-method surveys with both multiple-choice questions and open questions.

[bookmark: _Toc211294070]Participants

Ten singers were examined. The participants were chosen by the author among her students and colleagues. All singers had different levels, backgrounds and amount of training. Due to technical issues, the results of one participant were not useable, so in the final analysis, nine singers were included:


	Name
	Age
	Voice Fach
	Level/Background

	BN
	66
	Baryton
	Professional opera singer and vocal pedagogue.

	HP
	23
	Baryton
	4:th year of soloistic bachelor studies at German conservatory. 

	MS
	57
	Baryton
	Professional opera singer and vocal pedagogue.

	CF
	50
	Soprano
	Professional classical singer and vocal pedagogue.

	SS
	54
	Soprano
	Amateur classical singer and church choir member.

	LS
	25
	Mezzosoprano
	Amateur classical singer with some years of training at pre-college level. 

	JS
	18
	Soprano
	3:d year of musical high school studies in classical singing.

	LE
	28
	Soprano
	Professional CCM-singer with some months of additional classical training.

	LC
	43
	Soprano
	Amateur classical singer and church choir member.


[bookmark: _Toc211345739]Table 2: Participant personal data

[bookmark: _Toc211294071]Data Recording

[bookmark: _Toc211294072]Breathing

To record ribcage (henceforth RC) and abdominal wall (henceforth AW) expansion, respiratory inductance plethysmography (RespTrack 2.4) was used. The RespTracks consist of two elastic bands (henceforth called respiratory bands) with electrical coils measuring the transversal cross-sectional surface of RC and AW, to detect their movements separately (see e.g. Cunsolo et al. (2021)). One band was placed around the ribcage right below the axillae, and the other one was placed around the navel. 
Prior to the experiment, the respiratory bands were calibrated with isovolume maneuvers and by measuring RC and AW circumference during expansion and reduction with a measuring tape. Isovolume maneuvers are made by voluntarily displacing a fixed lung volume by alternating between RC and AW expansion/reduction and offer a method for measuring separately the volume changes of RC and AW (see e.g. Konno & Mead (1967)).


[bookmark: _Toc211294073]
Larynx Height

To measure VLP, dual channel electroglottography (EGG) was used (Glottal Enterprises EG2-PCX2). EGG is more commonly used as a non-invasive method to monitor vocal fold contact area during speech and singing but has also been successfully used to measure VLP (see e.g. Pabst & Sundberg (1992)). The two electrodes were placed on each side of the thyroid cartilage and kept in place by an elastic ribbon.
Several attempts were made to calibrate VLP-change in millimeters, but none of them gave satisfactory results, possibly due to the occasional sliding of the electrodes or physiological patterns. In this study, an analysis will be presented of both the overall data for all vocal tasks, and of the data obtained from single vocal tasks (phrases). Due to the calibration difficulties, and as the focus of this study was to examine the relative effect of AW-displacement on VLP, a decision was made to examine relative VLP-changes instead of applying absolute measures. Due to the occasional sliding of the electrodes, their position sometimes had to be adjusted between the vocal tasks during the experiment. The lack of VLP-calibration combined with the occasional adjustments of the electrodes led to the decision to exclude some participants from the overall analysis of all tests. These singers were then included in the analyses of separate phrases.

[bookmark: _Toc211294074]Voice Quality and Sound Recordings

Information about voice quality was acquired using an accelerometer (Knowles BU-27135) attached to the tracheal wall beneath the larynx (and the EGG-electrodes) with an adhesive ring. An accelerometer records signals containing both glottal and subglottal vibratory patterns, but no supraglottal resonances, as it captures the signals before being filtered by vocal tract acoustics. The simultaneous monitoring of phonation and breathing patterns using accelerometer and respiratory bands has recently been investigated by Cunsolo et. al. (2021), with promising results. A further advantage of the accelerometer is its resistance towards background acoustic noise. 
All experiments were recorded with a microphone (Sennheiser HSP2) fixed approximately 15 centimeters in front of each singer’s mouth. The microphone sound and accelerometer signals were recorded in Motu 8M audio interface and REAPER for recording. With both the microphone fixed in front of each singer’s mouth and the accelerometer fixed beneath the vocal folds, there were hence recordings of the sound both before and after being filtered by vocal tract acoustics.

[image: En bild som visar skiss, rita, konst, Linjekonst

AI-genererat innehåll kan vara felaktigt.]
[bookmark: _Toc211347305]Figure 1: Placement of EGG-electrodes, accelerometer and microphone. EGG-electrodes were placed on each side of the thyroid cartilage and kept in place with an elastic ribbon, the accelerometer was placed under the EGG-electrodes beneath the vocal folds and the microphone was fixed on the head 15 centimeters in front of each singer’s mouth.

Due to occasional sound clipping in the accelerometer recordings, the recordings from the microphone were chosen for the analysis of voice quality. This decision was taken also since the combination of a short neck and very low VLP in one of the barytones made it physically impossible to place the accelerometer below the EGG-electrodes. 
Voice quality was analyzed with CPPS (Cepstral Peak Prominence Smoothed), which is not affected by vocal tract acoustics. CPPS is a measure of how clear the partials are in the sound spectrum. A higher CPPS-value means a more pronounced harmonic structure, with a firmer vocal closure, while a low CPPS-value is an indication of less vocal fold adduction. In the context of this study, when comparing singing in different contexts or on different pitch targets, a raise or lowering of the CPPS-value should not be interpreted as superior or inferior voice quality. This is because it is impossible to establish whether a relative rise in CPPS-values indicates less leakage, or excessively pressed phonation, since all values are relative. 
All recordings (microphone excluded) were originally made with PowerLab (hardware) and LabChart physiological data acquisition software (both by ADInstruments). The accelerometer signals were then routed from the audio interface to PowerLab for synchronization. There were five channels showing accelerometer data, RC and AW-data from the respiratory bands, sum of both respiratory bands and VLP.
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[bookmark: _Toc211347306]Figure 2: LabChart Exemplar Data. Data is from participant HP. From above: accelerometer, RC-respiband, AW-respiband, sum of respiratory kinematics and, at the bottom, VLP. The upward movement in channel 2-4 (respiratory kinematics) shows expansion in the ribcage (channel 2) and abdomen (channel 3) and the relative increase in lung volume (channel 4), while the downward movement shows reduction of the same.

[bookmark: _Toc211294075]Inhibition of Abdominal Wall Expansion

To answer the research questions whether there is a link between AW-expansion and VLP and voice quality, a way to obtain data from singing with and without AW-expansion was required. Some previous studies have analyzed singers singing in different ways and compared the results. There have been studies analyzing singers singing with and without support (Sonninen, et al., 2005; Griffin, et al., 1995; Sonninen, et al., 1993), with and without “projection” (Thorpe, et al., 2001), and with and without emotional connection/stimulus (Foulds-Elliot, et al., 2000; Pettersen & Bjørkøy, 2007). Some studies have examined the effects of AW-expansion by instructing the participants to alternate between expanding and contracting the abdominal wall (i.e. alternate between so-called belly in/belly out-strategies) while inhaling (Iwarsson, 2001; Thomasson, 2003) or while singing (Collyer, et al., 2009). However, Salomoni et al. (2016) doubt whether it is possible for a singer to artificially mimic a non-habitual breathing strategy without any influences of their habitual patterns. Considering the questionability of expecting a singer to be able to alternate between habitual and non-habitual patterns, external inhibition of the abdominal wall was chosen for this study. 
Several tools were evaluated by and on the present author, such as ordinary belts, kidney belts, weightlifting belts and combining several luggage straps. However, being well trained in a belly out-technique, the abdominal wall always found a way to expand, whether it be above, below or underneath (due to fabric elasticity) the placement of the belts. Finally, a 15-meter-long non-elastic ratchet belt, originally used in forestry for large tree removals, was selected. 
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[bookmark: _Toc211347307]Figure 3: The ratchet belt used for inhibiting abdominal wall expansion. It is approximately 15 meters long and 7 centimeters wide.

The belt, henceforth called AW-belt, was 7cm broad and could, due to its length, be wired around each participant several times from right below the solar plexus to include the soft parts between the iliac crests. 
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[bookmark: _Toc211347308]Figure 4: The present author wrapped in the ratchet belt used to inhibit abdominal wall expansion.

To enable comparison between VLP/CPPS when singing with an abdomen free to expand and singing with inhibited AW-expansion, the experiment was divided in two parts, henceforth referred to as Exp1 and Exp2.

· Exp1 
The participants performed vocal tasks with respiratory bands recording AW and RC signals, EGG, accelerometer and microphone. 
· Exp2
The respiratory bands measuring AW-expansion was suppressed by the AW-belt as the participants repeated the same vocal tasks from Exp1. All other equipment from Exp1 remained unchanged.




[bookmark: _Toc211294076]Vocal Tasks

The five vocal tasks performed by each singer were the following:

· Triads in a mid-low range on the vowels /i/, /e/, /u/, /a/ and /ə/.
· Triads in a mid-high range on the vowels /i/, /e/, /u/, /a/ and /ə/.
· 5-scale piano and forte on the vowel /i/.
· 5-scale repeated until all air is expelled on the vowel /i/.
· Octave leaps on the vowel /a/ on various pitches.

All vocal tasks were performed 2-3 times in each condition of Exp1 and Exp2. 
The produced fundamental frequency values were not the same for all participants, mainly since they all had different vocal fachs. For the low and high triads, the singers were asked to pick a key that they experienced as comfortably mid-low and challengingly mid-high respectively. Due to the discomfort of the AW-belt, the high triads were only repeated twice in Exp2, instead of three times as in Exp1. For the octaves a comfortable key was chosen to start with, whereafter the singers went up as far as they wanted to. Within each participant, the chosen keys were the same in Exp1 and Exp2 in all triads, while there were some minor variations in the octaves (see Appendix L for exact pitch targets for each participant). 

[bookmark: _Toc211294077]Analysis

The data from Exp1 and Exp2 was then analyzed and compared. To prepare for the analysis, annotations of the separate pitch targets in the vocal tasks were made for each singer using Praat software (Boersma & Weenink, 2024). VLP-values were then z-normalized for each singer, so that each participant’s mean values were equal to 0 and standard deviation to 1. The analysis was then made in Excel. 
The z-normalization was a consequence of the lack of VLP-calibration. Since it was not possible to measure absolute values, z-normalization was used to measure relative values within the results of each participant. Z-normalization means that all changes in the results of a certain participant are measured within the context of this participant’s standard deviation. This method excludes the possibility to compare the participants with absolute measures but offers more reliability when comparing the results within each participant.
There were two kinds of analysis. First an overall analysis was made, in which all octave leaps and all triads (both low and high) were included. This analysis shows a comparison of VLP and CPPS values between Exp1 and Exp2, both the combined values for all singers and the values for each singer separately. Due to the lack of EGG-calibration, singers who needed to have their EGG adjusted during the experiments were excluded from this analysis. These results are presented with bar charts.
The second analysis shows the results of relative values within single phrases. For this analysis the octave leaps were chosen, as they are likely to present the clearest results, both due to the fewer pitch targets and larger intervals. To enable a clear comparison between Exp1 and Exp2, and since the goal was to compare relative and not absolute values within each phrase, all starting points were aligned and set to 0. The results are presented with line charts, with each point representing a pitch target.
With both an overall analyses of combined data and a more detailed analysis of each pitch in single phrases, it is possible to detect general patterns as well as more specific features of each singer.

[bookmark: _Toc211294078][bookmark: _Hlk210920507]Surveys

Alongside the experimental part of this study, mixed-method surveys were applied. All participants answered three surveys: one pre-experimental survey before coming to the laboratory, one between Exp1 and Exp2, and one post-experimental survey directly after the whole experiment, while still in the laboratory but with all the equipment taken off. 
The purposes of these surveys were:
· Survey 1 (pre-experimental): to learn about the participants’ habitual breathing patterns, as well as their awareness about these patterns. The participants were asked to explain how they inhale, how they handle breathing during phonation, how often they think they succeed in breathing according to their intentions and if there is anything they would like to improve about their breathing. Both multiple-choice questions and open questions were used.

· Survey 2 (between Exp1 and Exp2): to learn if the laboratory environment and all the equipment might have influenced the participants, or if the results of Exp1 can be expected to reflect the habitual breathing patterns of each singer. As the participants had the equipment on and could not change position between Exp1 and Exp2, this survey only consisted of a multiple-choice question about to which extent the singers perceived that they had managed to apply their habitual breathing patterns in this, for them, unusual situation. 

· Survey 3 (post-experimental): to learn about how the participants experienced singing with the AW-belt on, and if they experienced that the belt affected their breathing strategies as well as general performance. Both multiple-choice questions and open questions were used.
The surveys were in Swedish but have been translated to English by the present author for the purpose of this report. The translations can be found in Appendix D-F and all answers have been compiled and translated to English in Appendix G-H.


[bookmark: _Toc211294079]Singing Lessons in the Laboratory

Once the experiment was finished, some of the participants who were at the time studying with the present author were given a short singing lesson in the laboratory. The procedure for this was that once they had answered the questions of the last survey and all parts of the experiment had been completed, the respiband measuring AW-expansion was fixed around the singer’s belly again and the present author started working vocally with the participating student. The objective was to explore if it would be possible to capture some pedagogic breakthroughs with all the measuring tools on. It is important to underline that this was not in any way part of the experiment and that it was not analyzed and included in the result chapter. However, some results of this were included when discussing possible future research at the end of this project report.

[bookmark: _Toc211294080]Ethics

All participants signed a consent form prior to participating in the study (Appendix C). This consent form was in English. All participants also received written information prior to the experiments. They were informed of how the laboratory looked like, exactly what equipment they would wear, what vocal tasks they would perform and detailed information about the AW-belt. The purpose of this was to make the participants feel more prepared and comfortable with the experiments and to give them a chance to withdraw due to e.g. medical reasons. The more general project title “Breathing in Classical Western Singing” was used in the information document so as not to reveal the exact objectives of the study. This information was originally in Swedish and was then translated by the present author for the purpose of this report (Appendix A). Ethics approval was granted by UWTSD and is attached to this study (Appendix B).

Research Location: The phonetics laboratory at the Department of Linguistics at Stockholm University. 
Supervisor of the Experimental Study: Marcin Wlodarczak, PhD and Senior Lecturer in Phonetics at the Department of Linguistics, Stockholm University.




[bookmark: _Toc211294081][bookmark: _Hlk210920544]Results


[bookmark: _Toc211294082]Survey Results

[bookmark: _Toc211294083]Pre-Experimental Survey 

The results of the first survey, which was pre-experimental and answered by the participating singers prior to coming to the laboratory, present a large variety in how the participants answer the questions, with some singers using physiological terms, showing considerable awareness about their breathing, and others presenting a more intuitive approach through metaphorical descriptions that are up to interpretation. 
BN, HP and CF, all experienced classical singers, gave detailed information about their breathing patterns, with focus on diaphragmatic activity. BN wrote that he ‘lowers the diaphragm and maintains that activity during all phonation’ and HP intention is ‘to maintain the low position of the diaphragm achieved during inhalation’ during the whole phonatory expiration. CF activates the diaphragm during inhalation with a ‘downward’, ‘backward’ and ‘outward’ sensation in the lower body, which she tries to keep also during phonation by feeling ‘inflated/surprised’ as if inhaling. MS, also experienced classical singer, gave less detailed and less physically oriented answers but (like CF) described how he inhales ‘like being surprised’ and then phonates with ‘a feeling of widening the abdomen and keeping it open so as not to push the air’. These four singers (BN, HP, CF and MS) hence seem to apply so-called belly out-strategies, in which the abdominal expansion obtained on inhalation is maintained during phonatory expiration. They are also the most experienced singers in the group: BN, MS and CF being vocal pedagogues and HP advanced student. 
LS also reported a technique that could be interpreted as belly out, as she described the sensation of ‘pushing the diaphragm down and out’ during inhalation to obtain ‘abdominal support’ and how she then maintains this support during phonation. Physiologically, the diaphragm can only be activated downwards and not outwards, but as the caudal activation of the diaphragm results in a larger circumference of the abdominal wall, it may be perceived as if the diaphragm is pushed ‘down and out’. JS, the youngest of the participants, described her inhalation as more intuitive, with terms like ‘just open the mouth’ and ‘I don’t think so much’. However, when describing the expiratory phonation, she adds that she can now manage faster breaths better than before, since she does ‘something deep down in the abdomen in some way’ and ‘pushes to the last tone’. The word ‘push’ could of course mean pushing the lower abdomen inwards, but in this context, it should be noted that the present author at the time was JS’ vocal pedagogue and that JS was in the beginning of a process changing breathing pattern from belly in to belly out. Therefore, the ‘new thing’ JS described is more likely the ‘pushing’ down and out of the abdominal wall at the end of the phrases. 
The answers of SS, LC and LE mostly offered intuitive descriptions, such as ‘trying to breathe musically’ (SS), ‘working analytically with the song’ (LE) and ‘trying to save air’ (LC). All participants except LC described that they were quite satisfied with their breathing strategies and always/often managed to breathe according to their intentions, while LC expressed a need for more training as she experienced her breathing being too ‘shallow’. There were no physiological descriptions that could be interpreted as either belly in or belly out-strategies.

[bookmark: _Toc211294084]Survey between Exp1 and Exp2

In the second survey, which the participants answered between Exp1 and Exp2 and which purpose was to learn if the participants were affected by the laboratory situation, four of the singers (BN, HP, MS and LE) answered that they breathed ‘as usual’ and were not particularly affected by the situation. SS, LS and JS thought that they breathed ‘quite as usual’, while LC and CF experienced their breathing being ‘worse than usual’. For CF, this could partly be explained by her throat still being affected by a bronchitis that she had not completely recovered from. With 7 out of 9 participants indicating that they felt completely or almost completely unaffected by the laboratory settings, the results of Exp1 could be expected to reflect these singers’ habitual breathing patterns.


[bookmark: _Toc211294085]Post-Experimental Survey 

[bookmark: _Hlk207874796]The results of the third survey show that all participants experienced breathing being affected when wearing the AW-belt, which is not surprising. However, when entering in detail, the results are somewhat contradicting. Two of the professional classical singers, BN and MS, who in the first survey described their breathing as belly out, did feel that the breathing was ‘very much affected’, but that it was actually easier to breathe as intended, that the band was a ‘good resistance to work against’ and that they became ‘more aware of their breathing’. As these two singers had described their phonatory process as being dependent on abdominal wall expansion, it can be assumed that they experienced this expansion being helped by the AW-belt. 
The other three singers that had described their breathing and phonation as dependent on abdominal wall expansion (HP, CF and LS) described it being harder to breath as intended and that the AW-belt felt like an obstacle. This was also the case with JS, the youngest singer, who experienced it being more difficult to sing with the AW-belt on. LE, the CCM-singer, wrote that her breathing was ‘somewhat affected’, that the band felt like an obstacle and made her more aware of her breathing. 
The answers of SS are more contradictory as she did find it harder to breathe but also experienced the band as a ‘good resistance to work against’, making her more aware of her breathing, in a similar way as BN and MS.
These results create an important background when entering the analysis of the experimental study. As highlighted in the methods chapter, it is impossible to guarantee a complete inhibition of all abdominal expansion. If a singer is well trained in keeping the diaphragm activated during the whole phrase, some degree of expansion will probably occur at any place where the band is not tight enough, even if not as much as usual. Furthermore, some participants were more sensitive to the discomfort caused by the AW-belt than others. While some participants were very affected by having the belt on and wanted it to be loosened a bit, others wanted it to be pulled harder around them. As the respiband measuring AW-expansion could not be applied simultaneously with the AW-belt, the only available clue to how much the participants were able to expand the abdominal wall is therefore their answers to the last survey. 
The two singers (BN and MS) who claimed that they succeeded better in breathing with the AW-belt on, also answered that they or expanded the abdominal wall ‘as usual’ (MS) or that ‘better contact with the ‘bottom’ of the breathing’ (BN) was obtained. Even if it is not believable that abdominal wall expansion occurred to the same degree as usual, these answers indicate that there was an expansion in the lower part of the abdomen, despite the AW-belt. Few of the participants felt that they could not expand at all underneath the AW-belt. Four of them (HP, SS, LC and LE) claimed that they could expand, even if not as much as usual, and JS and LC felt more expansion around the navel than usual. However, LE felt her breathing becoming ‘shallower’, JS experienced more difficulties with the high notes and CF felt expansion more in the chest and shoulders than down in her abdomen. 
















[bookmark: _Toc211294086]Results of the Experimental Study

The purpose of the experiment was to examine if external inhibition of AW-expansion influences VLP and voice quality, measured with CPPS (Cepstral Peak Prominence Smoothed). The experiment was divided in two parts, with all participants singing the same vocal tasks twice: the first time (Exp1) with no inhibition of AW-expansion, and the second time (Exp2) with a tight belt (AW-belt) around their bellies, to inhibit AW-expansion. The hypothesis was that VLP should be higher when the participants were not able to expand their abdominal wall, due to decreased tracheal pull. It was also examined if inhibition of AW-expansion would affect voice quality.

The results are presented in the following order: 

1. Overall results of average VLP and CPPS values in octave and triad tasks for all singers, followed by overall results of each separate singer, to enable an overview of the whole experiment. This analysis will be presented with bar charts.
2. Detailed results of relative VLP and CPPS values within the octave phrases, first with an overall presentation of all participants, followed by separate analysis of each singer. This will be presented with line charts, to enable isolated analysis of each pitch target in the phrase.

[bookmark: _Toc211294087]Overall Results 

Introduction to the Overall Results
Here, an overview of all results and singers will be presented. Since EGG was not calibrated in terms of absolute VLP, singers who had their EGG electrodes adjusted during the experiments were excluded from this overview. Those excluded were HP, LS and LC. The singers included were BN, MS, SS, LE, CF and JS. 
The overall data includes the following vocal tasks:

· Low triads
· High triads
· Octave leaps

All participants were also asked to perform scales (see method chapter), but the three vocal tasks included in this overview were the ones considered most suitable for the analysis, due to the possibility to isolate each pitch target. VLP was measured in the middle of each pitch target. All VLP-measurements for each singer were z-normalized prior to analysis, so that mean value became 0 and standard deviation 1. Z-normalization means that all changes in the results of a certain participant are measured within the context of this participant’s standard deviation.

Overall Results

In the overall results, there was a clear difference in VLP between Exp1 and Exp2, while CPPS remained nearly identical. When the participants were requested to repeat the vocal tasks with the AW-belt on, all VLP-values were higher. The size of the effects was quite small compared to a very high standard deviation.

	
	Mean value
	Median value
	Standard deviation

	Exp1
	-0,28
	-0,07
	0,9

	Exp2
	0,68
	0,02
	1,03


[bookmark: _Toc211345740]Table 3: Overall VLP-values. Overall VLP-values for mean, median and standard deviation with comparison between Exp1 and Exp2. Note that some numbers in Exp1 are negative. All VLP values were higher in Exp2.


                      
[bookmark: _Toc211347309]Figure 5: VLP Overall Results. This is an overview of the VLP results for six of nine participants, and all analyzed tasks. The tasks included are all octaves and triads. Due to the lack of VLP-calibration, participants who had their EGG-adjusted during the experiments were excluded from this overview. 


                      
[bookmark: _Toc211347310]Figure 6: CPPS Overall Results. This is an overview of the CPPS results for six of nine participants and all analyzed tasks. The tasks included are all octaves and triads. Due to the lack of VLP-calibration, participants who had their EGG-adjusted during the experiments were excluded also from the CPPS overview.


When breaking down the overall analysis to each singer, the results varied. The following four singers (CF, MS, SS and JS) presented higher mean VLP values in Exp2:


[bookmark: _Toc211347311]Figure 7: CF - VLP Overall Results. Note that ’Serie’ here is identical to ’Exp’.     


[bookmark: _Toc211347312]Figure 8: MS - VLP Overall Results. Note that ’Serie’ here is identical to ’Exp’.


                                                   
[bookmark: _Toc211347313]                                                    Figure 9: SS - VLP Overall Results. Note that ’Serie’ here is identical to ’Exp’.
                                 


                                                  
[bookmark: _Toc211347314]                                                  Figure 10: JS - VLP Overall Results. Note that ’Serie’ here is identical to ’Exp’.
                                                 
The median values followed the same pattern, with higher values in Exp2. However, there was a discrepancy in JS’ results (Fig. 10). In Exp2, her mean value was higher than it was in Exp1, while the median value had an opposite pattern, being lower in Exp2 than in Exp1. This was probably caused by some isolated extreme values corresponding to high VLP in Exp2. 
While the four singers above had a higher VLP mean value in Exp2, the two other singers presented opposite results. For BN and LE, VLP mean value was lower in Exp2 than in Exp1. 

           
[bookmark: _Toc211347315]Figure 11: BN - VLP Overall Results.’Serie’ equals ’Exp’.                        Figure 12: LE - VLP Overall Results.’Serie’ equals ’Exp’.
                                                                                                                         
                  


For BN, the difference in both median and mean VLP-values were small, while it was more significant for LE. Standard deviation values showed opposite results, with quite little difference for LE, but more significant values for BN, which most likely was caused by some pitch targets standing out with extremely low values in Exp2. 
There were two singers, BN and JS, who presented a discrepancy between mean and medium levels in Exp2. For JS, this is most likely an indication of some isolated extreme-high values, while for BN it is an indication of some isolated extreme-low values. In these two singers, there was also the largest difference in standard deviation between the experiments, with significantly higher values in Exp2. MS also showed a similar degree of standard deviation difference between the experiments, but in his case, it was lower in Exp2 than in Exp1. In Exp2, VLP standard deviation values were higher than in Exp1 in all six subjects except MS. 
In the overview of all participants (Fig. 9), CPPS remained almost identical in Exp1 and Exp2. 
	
	Mean value
	Median value
	Standard deviation

	Exp1
	18,35 DB
	18,15 DB
	2,7 DB

	Exp2
	18,23 DB
	18,12 DB
	2,7 DB


[bookmark: _Toc211345741]Table 4: CPPS values for mean, median and standard deviation with comparison between Exp1 and Exp2.
The CPPS-results varied slightly more when analyzing each singer separately. In two singers (BN and CF), the mean and median values were lower but standard deviation higher in Exp2. For the other four singers (JS, LE, SS and MS) it was the opposite: mean and median values were higher and standard deviation lower in Exp2. However, these differences were very small overall. 

        
[bookmark: _Toc211347316]Figure 13: BN - CPPS Overview. ‘Serie’ means ‘Exp’.                               Figure 14: CF - CPPS Overview. ‘Serie’ means ‘Exp’.
      

       
[bookmark: _Toc211347317]Figure 15: JS - CPPS Overview. ‘Serie’ means ‘Exp’.                    Figure 16: LE - CPPS Overview. ‘Serie’ means ‘Exp’.
                                       

      
[bookmark: _Toc211347318]     Figure 17: MS - CPPS Overview. ‘Serie’ means ‘Exp’.                       Figure 18: SS - CPPS Overview. ‘Serie’ means ‘Exp’.
          
[bookmark: _Toc211294088]Analysis of Separate Phrases

In the overviews above, the three participants LS, LC and HP who had their EGG adjusted during the experiments, were excluded. When analyzing VLP and CPPS values within separate phrases, all participants were included, as EGG was never corrected within a phrase. As with the overall analysis, all data were z-normalized so that mean value became 0 and standard deviation 1. For the analysis of separate phrases, all starting points were aligned and set to 0, since focus was analyzing relative larynx movement and not absolute values. 

[bookmark: _Toc211294089]Octave Leaps Analysis

Due to space limitations in this study, only the octave leaps were chosen for this analysis. This choice was made since octave leaps have the largest intervals and fewest pitch targets and hence can be assumed to present the most clear-cut results. 
In the diagrams below, the relative values of VLP are presented on the vertical Y-axis, while the horizontal X-axis shows the three pitch targets of the octave leap up and back down. In case of an octave leap from C4 to C5 and back to C4, the pitch target C5 is hence on point 2 in the X-axis. 
The combined data of all participants showed that the larynx was raised on the highest pitch target of the octave, both in Exp1 and Exp2. 

	
	Pitch target 1
	Pitch target 2
	Pitch target 3

	Exp1
	0,00
	0,25
	0,01

	Exp2
	0,00
	0,35
	0,06


[bookmark: _Toc211345742]Table 5: Mean values in VLP-changes for the octave leaps - overview of all participants.



	
	Pitch target 1
	Pitch target 2
	Pitch target 3

	Exp1
	0,00
	0,26
	0,02

	Exp2
	0,00
	0,45
	0,08


[bookmark: _Toc211345743]Table 6: Median values in VLP-changes for the octave leaps – overview of all participants.

	
	Pitch target 1
	Pitch target 2
	Pitch target 3

	Exp1
	0,00
	1,3
	0,07

	Exp2
	0,00
	1,6
	0,78


[bookmark: _Toc211345744]Table 7: Standard deviation values in VLP-changes for the octave leaps – overview of all participants.

That VLP values were higher on pitch target 2 in both experiments was not surprising, since the octave is a large interval and pitch targets were quite high. However, VLP-values of the highest pitch target in the octave were generally higher in Exp2 than in Exp1. Furthermore, the last pitch target, which frequency was identical with the first pitch target, generally had a slightly higher VLP value in Exp2. This shows that with the AW-belt on, the larynx was raised more when taking the octave leap and also stayed higher at the end of the phrase. 



[bookmark: _Toc211347319]Figure 19: Overview of VLP mean value in the octaves for all participants.



[bookmark: _Toc211347320]Figure 20: Overview of VLP median value in the octaves for all participants.


[bookmark: _Toc211347321]Figure 21: Overview of VLP standard deviation in the octaves for all participants.


When analyzing the data of each singer, the results showed more variation, but most of the singers presented similar patterns as shown in the overviews above (Fig 19-21). In five of the nine singers (BN, JS, LE, MS and LS), the results of both Exp1 and Exp2 showed an expected rise of the larynx on the highest pitch target of the octave, forming an up-side-down ‘V’, like the pattern of the overview in Figure 19. In all these five singers except LS’, the VLP mean value of the highest pitch target was higher in Exp2. For LS, the results of relative values between the first and second pitch target remained nearly identical in both parts of the experiment, while for the other four singers (BN, JS, LE and MS), the VLP-difference between the lowest and highest pitch targets was very large. Here follows a presentation of the mean values for each participant. For median and standard deviation values, see Appendix K.

                    
[bookmark: _Toc211347322]                                             Figure 22: BN - VLP Mean value for the octave leaps. ‘Serie’ is identical to ‘Exp’.

                                                               

 
[bookmark: _Toc211347323]Figure 23: JS - VLP Mean value for the octave leaps.
 


                                      
[bookmark: _Toc211347324]                                                                         Figure 24: LE - VLP Mean value for the octave leaps.
              
                                                                 
      
                                      
[bookmark: _Toc211347325]                                                                  Figure 25: MS - VLP Mean value for the octave leaps.
          
                                                                    

                          
[bookmark: _Toc211347326]                                                                        Figure 26: LS - VLP Mean value for the octave leaps.                                                            

Contrary to the results above, there were four participants showing another pattern. The data for HP, LC, CF and (only in Exp2) SS showed a right-side-up “V”, as their VLP was lowered when taking the octave leaps upwards. 


[bookmark: _Toc211347327]Figure 27: HP - VLP Mean value for the octave leaps.



[bookmark: _Toc211347328]Figure 28: LC - VLP Mean value for the octave leaps.



[bookmark: _Toc211347329]Figure 29: CF - VLP Mean value for the octave leaps.



[bookmark: _Toc211347330]Figure 30: SS - VLP Mean value for the octave leaps.


For HP and LC this VLP-lowering on the highest pitch target occurred in both Exp1 and Exp2, but it was not lowered as much in Exp2. In HP’s results, the curve remained almost flat in Exp2, compared to the considerable caudal movement in Exp1. We here must keep in mind that because the values are z-scored by participant, each participant’s data is expressed in units of that participant’s standard deviation. That means that a big change in one participant compared to some other participant might correspond to a smaller difference if that participant’s standard deviation is smaller. (See Appendix K for all values including standard deviation). However, when interpreting the results of HP within the variability of his values, there is a clear difference in VLP mean value between Exp1 and Exp2. 
For CF, the relation between the first and second pitch target was quite similar in both experiments, with a little more caudal movement in Exp2. In a similar way, SS presented a significant downward movement of VLP in Exp2, while her VLP was steadily moving upwards during the whole phrase in Exp1, not following the most common pattern of the ‘V’ (whether it be upside down or right side up). For SS, the ‘V’-pattern was shown only in Exp2, with a lowering of the larynx on the highest pitch target, similar to that of HP, CF and LC. 



[bookmark: _Toc211294090]Analysis of VLP in Relation to CPPS

Both in the overall data for the whole experiment (Fig. 5-6) and when analyzing separate phrases (Fig. 19-21), the largest difference between Exp1 and Exp2 was present in the VLP-data, while the overall CPPS effect was very small. Below the mean values of both the VLP and CPPS are presented. The CPPS starting points have not been aligned and set to the same point, since CPPS is expressed on a decibel scale, which is already a relative scale.  

                 
[bookmark: _Toc211347331]                                                   Figure 31: VLP Mean value for the octave leaps with all participants included.                                  
                       
   
                
[bookmark: _Toc211347332]Figure 32CPPS Mean value for the octave leaps with all participants included. Note that the CPPS starting points have not been aligned and set to the same point, since CPPS is expressed on a decibel scale, which is already a relative scale.

When analyzing the VLP data for the octave leaps of each singer (Fig. 22-30), an overall pattern showed that VLP was generally raised more in Exp2 than in Exp1, although there were some exceptions. When entering in these details for the CPPS-data, results were more varied and difficult to interpret, with no obvious pattern, even if the data for BN and JS showed a large difference of approximately 2db. These detailed results are included in Appendix J. 


[bookmark: _Toc211294091]Discussion

The results of this experiment show that in most participants the larynx moved upwards more or downward less in Exp2 when abdominal wall expansion was inhibited. However, there were some divergent results that will be discussed here.
The most common pattern of the octave leaps was a rise in VLP when singing the highest pitch target, both in Exp1 and Exp2, with more upward movement in Exp2. This was not surprising, since the octave leap is a large interval upwards. However, in four of the nine participants (LC, SS, CF and HP), a lowering of VLP was seen when they took the octave leap upwards. The ability to lower the larynx when ascending the register requires training and therefore it may seem contradictory that this pattern was found in LC and SS (only in Exp2). While CF and HP are advanced singers, LC and SS have very little (SS) or no (LC) soloistic training. 
In the case of SS, it is somewhat surprising that there was such a VLP-lowering only in Exp2 when the AW-belt was on. In this context, it may be rewarding to go back to what SS wrote in the post-experimental survey: that the abdominal band gave her ‘a good resistance to work against’. SS was also very sensitive to the pressure caused by the AW-belt as it was wrapped around her belly, and therefore it could not be wrapped as hard as around the other singers. It is possible that the awareness caused by the AW-belt helped her activate her diaphragm, and that there was significant room to expand underneath the AW-belt. When training students to keep their diaphragm active while singing, the present author sometimes uses an ordinary belt around their bellies, to stimulate more awareness of their breathing and create a resistance to work against. As SS at the time of this study was also studying with the present author and had trained with such a belt on, this might have influenced this part of the experiment. It is possible that the AW-belt, since it probably left space for expansion, reminded SS to use the breathing pattern she was training with the present author in that period. These are of course only speculations. It is not possible to know exactly how much each participant was able to expand underneath, above or below the AW-belt, but comparing some results with the participants’ own perceptions in the surveys may offer some insights in this respect.
For LC, there was a lowering of VLP on the highest pitch target in both Exp1 and Exp2. What caused LC’s VLP to sink on the upward leaps is difficult to know, but it should also be noted that LC’s CPPS-values were lowered on the highest pitch target in the octave leaps in both Exp1 and Exp2. When comparing the VLP-data for the experienced singer HP and LC, there are similarities, but when adding the CPPS-data to this comparison, the results differ as HP’s CPPS is raised when his VLP is lowered.

    
[bookmark: _Toc211347333]Figure 33: HP - VLP Mean value for the octave leaps                       Figure 34: HP - CPPS Mean value for the octave leaps


    
[bookmark: _Toc211347334]Figure 35: LC - VLP Mean value for the octave leaps                        Figure 36: LC - CPPS Mean value for the octave leaps

In the case of HP, the lowering of the larynx on the highest pitch target in the octaves was accompanied by slightly higher CPPS-values in both Exp1 and Exp2, with the values of Exp1 being more constant with less variation. This is an interesting result, since a lower larynx position has been associated with more vocal fold abduction (Zenker, SB), while a higher CPPS value is an indication of more adduction and hence a more pronounced harmonic structure. Results from Sundberg et al. ( (Sundberg, et al., 1989) have shown that cricothyroid muscle activity can compensate for the abduction caused by the tracheal pull when ascending the register, thus causing the so-called laryngeal tilt in which the thyroid cartilage is tilted forward and downward by the activation of the cricothyroid (CT) muscle (see e.g. Sundberg et al. (1989)). It can be speculated that this is what HP does on the octave leaps. Alongside the Sundberg&Leanderson study (1988) of cricothyroid muscle activity linked to diaphragmatic activity, a more recent study by Herbst et al. (2015) suggests a non-linear interaction in which the tracheal pull can affect vocal tract acoustics, which in turn affects phonation. Both the early findings of Sundberg&Leandersson (1988) and the recent non-linear theories (Herbst, et al., 2015) offer possible explanations why a firmer glottal closure has been correlated to a lower larynx position in some research (Thomasson, 2003) and also in the results of HP in this study.
That the lowering of VLP in LC is accompanied by lower CPPS-values may indicate that she has not yet trained the mechanism of activating her CT-muscles to compensate for the abduction that can be caused by a low larynx position. It can also be an indication that she is depressing her larynx from above, for example by tongue root depression, as this would cause less resonance due to a more closed pharynx and hence (following the non-linear theory by Herbst et al. (2015)) less possibility for vocal tract acoustics to affect phonation. However, to know the exact nature of these mechanisms, other methods would be acquired, e.g. Realtime MRI or more invasive methods measuring CT-muscle activity (see e.g. Sundberg et al. (1989)). VLP calibration would also be needed to know the absolute dimensions of these effects. 
It is important to remember that VLP-values are not absolute, that all starting points have been aligned and set to the same spot for comparison and that this is expressed in units of singer-specific standard deviations. It is possible that the AW-belt caused the larynx to be in a continuously higher position and that the starting points in Exp2 were hence generally higher than those in Exp1, but without VLP-calibration this is not possible to determine. Between Exp1 and Exp2, there were some inevitable movements of the participants as the present author wrapped them in the AW-belt. Even if the EGG electrodes were not actively moved during this act, it is possible that some sliding of the electrodes were caused by it. 
What is beyond doubt is that in most of the singers, the larynx moved upwards more (BN, JS, LE and MS) or downwards less (HP and LC) when abdominal wall expansion was inhibited. Apart from the above discussed divergent results (LC and SS), the other results showed that it was generally more difficult for the singers to keep the larynx in a low position when abdominal wall expansion was inhibited. This pattern was present both in the overall results and when analyzing relative values within octave leaps. The VLP-data from each singer’s octave leaps (Fig. 22-30) generally showed a larger upward movement (or smaller downward movement) of the larynx between the first and second pitch target in Exp2, compared to the results of Exp1. This pattern was present in seven of the nine participants. 
Due to the lack of calibration, some caution must be observed when drawing conclusions about the initial hypothesis of this study. The hypothesis was that VLP should be in a higher position when AW-expansion was inhibited in Exp2. This cannot be confirmed due to the lack of absolute VLP-values. What can be confirmed is that VLP was generally raised more or lowered less in Exp2 compared to Exp1. This is an indication that there is a link between abdominal wall expansion and the ability to lower VLP or keeping VLP in a lower position.
This indicates that to achieve and maintain a lower larynx position, it may be more beneficial to keep the abdominal wall expanded during phonation. Also here, some caution must be observed when drawing conclusions. The tracheal pull can be assumed to be greater at high lung volumes than low lung volumes (Vilkman, et al., 1996; Thomasson, 2003; Iwarsson & Sundberg, 1998). According to Thomasson, this is something that singers can compensate for by developing “an accurate strap muscular compensation of tracheal pull variations” (Thomasson, 2003, p. 70). It is important to bear in mind that the combined activities of external laryngeal forces are complex. Iwarsson points out that the tracheal pull will make the larynx descend “if muscles elevating the larynx exert no compensatory action” (Iwarsson, 2001, p. 386). The tracheal pull alone might hence be no guarantee for a lowered larynx. And consequently, the lack of tracheal pull may be compensated by infrahyoid (strap) muscle-activity, so that the larynx can still stay in a stable low position without the tracheal pull. However, it seems like a logical deduction that to keep the larynx as low as possible, both strap muscle activity and tracheal pull would be needed. 
The survey results showed that five (to some degree six) of the nine singers participating in the study described their breathing strategies as adherent to a belly out-technique, rather than a belly in-technique. BN, HP CF and MS, all advanced classical singers, all gave clear descriptions of belly out-strategies. BN wrote that he ‘lowers the diaphragm and maintains that activity during all phonation’. HP answered that he tries ‘to maintain the low position of the diaphragm achieved during inhalation’ during the whole phonatory expiration. CF wrote that she activates the diaphragm during inhalation with a ‘downward’, ‘backward’ and ‘outward’ sensation in the lower body, which she tries to keep also during phonation by feeling ‘inflated/surprised as if inhaling’. MS also described how he inhales ‘like being surprised’ and then phonates with ‘a feeling of widening the abdomen and keeping it open so as not to push the air’. This is similar to the yawn metaphor (Mainka, et al., 2015; Guzman, et al., 2013) and the sensation of singing as if inhaling (Mainka, et al., 2015; Guzman, et al., 2013; Story, et al., 2001; Herbst, et al., 2015), which can be physiologically described as maintaining inhalatory muscle activity during phonatory exhalation thus delaying the expiratory forces (Watson & Hixon, 1985; Watson, et al., 1990; Pettersen & Westgaard, 2005; Foulds-Elliot, et al., 2000; Thorpe, et al., 2001; Salomoni, et al., 2016; Collyer, et al., 2009; Köberlein, et al., 2024; Traser, et al., 2021). LS also reported a technique that could be interpreted as belly out, as she described the sensation of ‘pushing the diaphragm down and out’ during inhalation to obtain ‘abdominal support’ and how she then maintains this support obtained during inhalation also during phonation. JS, although describing her breathing as more intuitive and showing little physiological awareness, also described how she lately improved her singing by doing ‘something deep down in the abdomen in some way’ and ‘pushing to the last tone’. Since JS here was in the beginning of a process changing breathing pattern from belly in to belly out, it is a valid speculation that the ‘new thing’ is the ‘pushing’ down and out of the abdominal wall at the end of the phrases. 
Considering the high representation of singers using belly in-strategies in many studies (Hixon, et al., 1973; Watson & Hixon, 1985; Watson, et al., 1987; Watson, et al., 1989; Watson, et al., 1990; Thorpe, et al., 2001; Foulds-Elliot, et al., 2000; Salomoni, et al., 2016; Pettersen & Westgaard, 2005), the indications that the singers in this study have another breathing pattern may offer valuable nuances to the scientific community. Of course, the participating singers’ own descriptions need to be matched by scientific data to determine whether they really use the strategies they think they use, as the example of HP below. This could be rewarding to include in future research. 
[image: En bild som visar linje, skärmbild, sluttning, Graf

AI-genererat innehåll kan vara felaktigt.]
[bookmark: _Toc211347335]Figure 37: HP singing triads on i-vowel. At the top is sound recording, then RC-expansion, AW-expansion, sum of respiratory kinematics and at the bottom EGG-signals. It can be seen how HP inhales mainly by expanding his rib cage, while the abdominal wall is continuously kept in the same position. During phonation, he initiates RC-contraction directly at the beginning of the phrase, while AW contraction is smaller and only seen towards the end of the phrase. His larynx is not raised, but rather slightly lowered when he ascends for the highest pitch targets in the triad. This pattern matches HP’s answers in the pre-experimental survey well.
                
For future research it would be interesting to examine singers that clearly use different breathing patterns, to see if VLP is raised less when so-called belly in-singers have their abdominal wall expansion inhibited, than when this occurs to belly out-singers. One can speculate that singers with a belly in-technique might have developed more strap muscle activity, to compensate for the possible lack of tracheal pull. However, it may well be an impossible task to analyze the exact collaboration of all muscles contributing to the singing voice, both due to calibration difficulties and the fact that some muscles might need invasive methods in order to be examined.
It should also be noted that the AW-belt in Exp2 was wired around the participants for the whole experiment, i.e. the whole respiratory cycle, not giving the abdominal wall a chance to expand even during inhalation. This resembles the old Italian way of breathing, with an abdominal wall constantly in an inward position (Diday&Pétrequin, 1841; Lamperti, 1905; Garcia, 1847; Lehman, 1914; Bérard, 1755; Mancini, 1774; Tosi, 1723), while it may not give justice to the belly in-method with release of abdominal tension during inhalation, promoted in grey literature by some more modern authors (Morris, 2013; Dosher, 1994; Chapman & Morris, 2021; McCoy, 2016; Morris & Hutchinson, 2017; Morris, 2013; Vennard, 1968; Hixon, 2006). 
However, also when taking into consideration the above-mentioned precautions, the results of this study still indicate that abdominal wall expansion plays a significant part in keeping a lower VLP-position, at least for the singers in this study. The second research question concerned whether voice quality changed when singing with and without abdominal wall expansion. The results of CPPS analysis do not present large differences between Exp1 and Exp2, and when there are differences, there are no clear tendencies, but very varied and spread results (See Appendix K-L). 
The amount of data obtained in this study is substantial. Apart from the octave leaps chosen for isolated analysis of relative values within phrases, there are also the results of low and high triads, as well as scales that would be interesting to analyze in future similar studies.

[bookmark: _Toc211294092]Future Research Suggested by the Additional Singing Lessons in the Laboratory

Some of the participants, who were also studying for the present author at the time, were also offered short lessons after the experiments. Once they had been relieved of the AW-belt and answered the last survey, the respiband measuring AW-expansion was put on again and the present author gave them a short singing lesson in the laboratory. These data were completely separated from the experimental study and not in any way included in the analysis. However, these data would be rewarding to analyze further. For example, JS, the young soprano who had recently begun studying with the present author, worked with Zerlina’s aria ‘Batti batti’ from Don Giovanni by W. A. Mozart. In the final part, there is an ascending interval of a fourth from C5 to F5 on the word ‘mia’. 
[image: En bild som visar musik, Partitur, klassisk musik
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[bookmark: _Toc211347336]                     Figure 38: A section from Zerlina's aria ‘Batti batti’, with the interval focus for the lesson with JS.

As the highest pitch target in the word ‘mia’ is in the soprano passaggio region, the tendency for untrained voices would be to raise the larynx with the pitch target. When beginning her studies with the present author, JS sang with a predominant brightness in her voice and was at the time working with adding more darkness, roundness and warmth. These are all features of a lower larynx position and open pharynx, as the lowering of the larynx lengthens the vocal tract, creating lower resonance frequencies, (Echternach, et al., 2016; Herbst, et al., 2015; Mainka, et al., 2015; Thomasson, 2003). Below is a passage from the lesson, in which JS was instructed to first sing the word ‘mia’ as she was used to singing it before starting the training with the present author, i.e. with more brightness in her voice. JS was also instructed to, directly after the ‘bright version’ of the interval, do a version in which she sang with more darkness in her voice, as if yawning (Mainka, et al., 2015; Guzman, et al., 2013). As these results were never statistically analyzed, images from the LabChart recordings will be used to present this data.

[image: En bild som visar linje, skiss
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[bookmark: _Toc211347337]Figure 39: JS singing ‘mia’ in a ‘bright version’ followed by a ‘dark version’. From above: Sound, RC-respiband, sum of total respiratory kinematics, AW-respiband and EGG measuring VLP (Note that the channels measuring AW-expansion and total respiratory kinematics have switched places here).

The most obvious difference between the two versions is that the ‘darker’ (the second version in Fig 39) version has greater acoustic energy and that VLP is generally lower. However, there is also a slight difference in the signals measuring AW-expansion, showing more downward movement in the ‘bright’ version, which means that the abdominal wall is being contracted faster in the brighter version than in the darker version. In the results in Fig 39, there seems to be a link between AW-expansion, lower VLP and singing with the intention of making the sound ‘darker’.
JS was then turned around so that she could watch all signals while singing, and the present author explained what the different channels in LabChart were showing. After this, she was given the physiologically oriented instruction to ‘keep the larynx low’ while singing the word ‘mia’ once more. After having sung this word once, she was directly given the instructions to sing the same word again and be very focused on keeping the line at the bottom of the LabChart channels completely flat.

[image: En bild som visar skiss, rita, text, kvitto
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[bookmark: _Toc211347338]Figure 40: JS singing "mia" with biofeedback. JS singing "mia" first only with biofeedback and then, the second time, with the instruction to focus on keeping the line from the EGG-channel at the bottom flat, i.e. keeping her larynx from moving upwards. Channels from above: Sound, RC-respiband, sum of total respiratory kinematics, AW-respiband and EGG measuring VLP (Note that the channels measuring AW-expansion and total respiratory kinematics have switched places here).

When offered biofeedback and when instructed to focus on keeping the line from the EGG-signal flat during her singing, JS manages to keep her larynx in a much more stable position. What is interesting is the simultaneous data from the respiband measuring  AW-expansion, which shows less contraction of the abdominal wall when she sings with a stable, low larynx in the final taking of the word ‘mia’. The instruction here was not to sing with either belly in or belly out, but focus was entirely to keep her larynx down, which resulted in her abdomen staying more expanded during the phrase. These findings, not incorporated in the experimental study, indicate that there may be a link between singing with more ‘darkness’, a lower VLP position and AW-expansion, that might be rewarding to research in further projects.
There is a substantial amount of similar data from the “singing lessons in the laboratory”, and although these parts of the sessions are not included in the experimental study, they do offer insights in possible future studies. An experimental study can offer important conclusions and is also easier to keep “clean” from subjective influences and so-called “cherry-picking”, in which the author only presents the aspects reinforcing his or her initial hypothesis. However, it is in the pedagogic context that pedagogic breakthroughs happen. How to capture and analyze some of those pedagogic breakthroughs, as well as explore this kind of biofeedback in pedagogic situations is an intriguing thought for future research, especially PaR-research in which the researcher is also practitioner.

[bookmark: _Toc211294093]Conclusion

Due to the lack of VLP-calibration, the results of this study cannot fully confirm the hypothesis that VLP would be higher when inhibiting abdominal wall expansion. However, the higher VLP-values in Exp2 indicate that VLP was raised more (or in some cases lowered less) when AW-expansion was inhibited. This is an indication that there is a link between abdominal wall expansion and the lowering of VLP. The overall results of CPPS-values showed very small differences between Exp1 and Exp2. Further, the individual CPPS-values in the separate phrases showed very spread results without a clear pattern. It can thus be confirmed that inhibiting expansion of the abdominal wall made it harder for the singers included in this study to keep their larynx in a low position, but that this did not necessarily affect the aspects of voice quality measured by CPPS.
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Information for participants in the study Breathing in Classical Western Singing.

Thank you for participating in my study! This is the last step in my MA-degree in Vocal Pedagogy at University of Wales Trinity Saint David with Voice Study Centre in Great Brittain. For this study I also collaborate with the Linguistic Department at Stockholm University. My supervisor for the final project is Debbie Winter at Voice Study Centre, and my supervisor for this study is Marcin Wlodarczak, PhD and Phonetics at the Department of Linguistics, Stockholm University. Here is some information for all participants.

Place:

The phonetic laboratory at Stockholm university, Department of linguistics, 2nd floor in the Southern C-house.


[image: En bild som visar text, karta, diagram, Plan

Automatiskt genererad beskrivning]
1 – Five minutes’ walk from the subway. If you come by car, there are parking lots (charged) south of the Southern Houses.

[image: En bild som visar utomhus, träd, byggnad, himmel

Automatiskt genererad beskrivning]
2 – The Southern House seen from the north side. Enter through door C.

The entrance of Southern House is on floor 4. Walk past the stairways and enter the C-corridor where you take the lift down to floor 2.
[image: En bild som visar byggnad, text, inomhus, golv
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3 – The corridor leading to the elevator (the image is from floor C3, but it looks the same on floor C4). 
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When you exit the elevator on floor 2, enter the glass door you see on the picture here. 




Walk through the corridor until you see the sign ”Waiting room for breathing study”. There is a room where you can wait and warm up your voice. There are also water, lemonade and fruit if you’re thirsty or need some energy. Toilets are further down the corridor to the left. 

When should you arrive and how long does the experiment take?
Please arrive at least 15 minutes before the experiment is scheduled. I check my mobile phone between the experiments, so please be patient if you have to wait a little when trying to reach me on the day of the experiments. 
There will be a waiting room where you can warm up your voice before the experiments if you want to. This is not obligatory, but since we will begin with exercises quite high in the register, some warming up may be comfortable. It can also be a good idea to enter ”artist-mode”, since the laboratory environment is quite dry (both when it comes to the acoustics and inspiration wise). Follow your own needs and habits to warm up or not!
The experiment will take approximately one hour, but I appreciate if you are not in a hurry afterwards, in case we need more time to calibrate all equipment or do some retakes. To be sure, calculate to be there for one and a half hours. 



What clothes should you wear?

It’s best to wear tight clothes not made of slippery fabrics. Please wear a shirt/top that you can stick inside your trousers/skirt, so that it does not move around. This is so that the bands measuring your breathing will not slide. 

You will also have to put your hair up so that the EGG-electrodes can easily be fixed around your neck. Tight tops and hair ties will be found in the laboratory in case you forget to bring them. 

How is the procedure of the experiment?
The purpose of this study is to examine breathing in classical singing. Here follows detailed information about the experiments. You don’t need to prepare anything before the experiments, so this is only information that might make you feel more comfortable, knowing what will happen. 
In the beginning you will need some patience while setting up all equipment. The equipment you will have on you is the following:

1. Two elastic ribbons measuring breathing: One band round the belly at the navel and one around the rib cage at the level of your arm pits. 
2. An accelerometer will be fixed on your skin right below the larynx, below the vocal folds. It is a small measuring tool that records the sound from below the vocal folds, before it is reinforced by vocal tract acoustics. 
3. EGG, measuring the activity of the larynx, will be fixed around your neck on the larynx. It consists of two electrodes that need some gel on them, so it may feel a little cold.  While the measuring tools in point 1 and 2 will hardly be noticed, the EGG needs to be quite stable, so together we will examine how hard it can be fastened without making it uncomfortable to sing with it on you. 
4. An ordinary microphone will be put on your head, like a kind of helmet. 
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Here you can see EGG around the neck, the ”helmet” with the microphone, the accelerometer and the highest breathing band around the chest wall. 
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When singing, you will stand by a table, with the under arms resting on the table so as to stand as still as possible during the measurements. 





Once everything is set up and tested, the experiments begin. The experiment is in two parts. After this there may be a third part, which is a bit more “free” and in which you will be given the opportunity to test some things more thoroughly. 

Experimet Part 1
You will be asked to sing some easy tasks. If we don’t need to adjust any equipment during this part, it will take approximately 10 minutes. 

All exercises will be performed 2-3 times in a row. The exercises are (some more exercises may be added later): 

1. Triads (1-3-5-3-1, e.g. c-e-g-e-c) on different vowels – first on a comfortable low register and then in a more challenging high register. 
2. a five scale (1-2-3-4-5-4-3-2-1, e.g. f-g-a-b-c-b-a-g-f). This scale will be sung in a comfortable register and repeated on the same breath until all air is completely expelled. As many times as you can. 
3. Octave leaps on different pitches – e.g. d1-d2, e1-e2, f1-f2 and higher, depending on your voice fach.

Once this part is finished, you will answer one survey question in writing before moving on to the next part.

Experiment Part 2
Now the band around the belly will be taken off and you will put another belt on. It is a long belt that will be wired around you several times, from above the navel and down to the lowest parts of your belly. The purpose is that you should not be able to expand the belly at all with this band on, so it must be fixed quite hard around you. It will take some time to put this on and together we will examine how hard it can be fastened, without feeling too uncomfortable. I ask for some patience with this part of the preparations. 
If you have any back problems (e.g. hernias of lower back problems), for some other reason is sensitive to pressure around the belly, are going through IVF or are pregnant, please contact me in advance so that we can decide whether it is suitable for you to participate in the study. 

[image: En bild som visar klädsel, person, inomhus, möbler
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You will then repeat the same vocal tasks as in Part 1 of the experiment, but with the long band around your belly. When this is over, the band will be taken off, and you will answer some more questions in writing. 

Part 3 – Mini lesson
Now the experiment is over. If you are one of my students, there may now be a third part. We will put back the thin band measuring breathing around the belly. After that we will “have some fun” singing in the laboratory. I might ask you to sing some exercises once more, singing in another way. We can call it a ”mini-lesson” in the laboratory. If you want to redo some of the tasks, you are welcome to do it in this part. 
During the experiments you will be given very simple instructions that are similar for all participants, and we will not speak much with each other, so as not to influence the experiment. The ”mini lesson” will be like an ordinary lesson where we interact more naturally.  

If you have any questions, please contact me on info@stockholmoperacenter.com or 070-6674165.

Thank you so much for participating!

Anna Elisa Lindqvist
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APPLICATION FOR ETHICAL APPROVAL

In order for research to result in benefit and minimise risk of harm, it must be conducted ethically. A researcher may not be covered by the University’s insurance if ethical approval has not been obtained prior to commencement.

The University follows the OECD Frascati manual definition of research activity: “creative work undertaken on a systematic basis in order to increase the stock of knowledge, including knowledge of man, culture and society, and the use of this stock of knowledge to devise new applications”. As such this covers activities undertaken by members of staff, postgraduate research students, and both taught postgraduate and undergraduate students working on dissertations/projects.

The individual undertaking the research activity is known as the “principal researcher”.

Ethical approval is not required for routine audits, performance reviews, quality assurance studies, testing within normal educational requirements, and literary or artistic criticism.

Please read the notes for guidance before completing ALL sections of the form.

This form must be completed and approved prior to undertaking any research activity. Please see Checklist for details of process for different categories of application.  

Delete the Guidance Notes at the end of the form BEFORE submitting your application









SECTION A: About You (Principal Researcher)
	1
	Full Name:
	Anna Elisa Lindqvist

	2
	Tick all boxes which apply:

	Member of staff:
	☐
	Honorary research fellow:
	☐

	3
	Undergraduate Student
	☐	Taught Postgraduate Student
	☒	Postgraduate Research Student
	☐


	4
	Institute/Academic Discipline/Centre:
	WAPPAR


	5
	Campus:
	Carmarthen


	6
	E-mail address:
	annaelisalindqvist@yahoo.com

	7
	Contact Telephone Number:
	+46706674165


	
	For students:

	8
	Student Number:
	1911462

	9
	Programme of Study:
	MA in Professional Practice (Voice Pedagogy)

	10
	Director of Studies/Supervisor:
	Julie Crossman/ Debbie Winter




SECTION B: Approval for Research Activity
	1
	Has the research activity received approval in principle?
(please check the Guidance Notes as to the appropriate approval process for different levels of research by different categories of individual)
	YES
	☒	NO
	☐
	
	
	Date

	2
	If Yes, please indicate source of approval (and date where known): Approval in principle must be obtained from the relevant source prior to seeking ethical approval
	Research Degrees Committee
	☐	

	3
	
	Institute Research Committee
	☐	

	4
	
	Other (write in)
WAPPAR Ethics Board Representative
	☒	





SECTION C:  Internal and External Ethical Guidance Materials
	
	Please list the core ethical guidance documents that have been referred to during the completion of this form (including any discipline-specific codes of research ethics, and also any specific ethical guidance relating to the proposed methodology).  Please tick to confirm that your research proposal adheres to these codes and guidelines.

	1
	UWTSD Research Ethics & Integrity Code of Practice

	☒
	2
	
UWTSD Research Data Management Policy
	☒

	3
	Swedish Ethical Review Authority guidelines, Ethical Policy of the Stockholm University.

	☒



SECTION D: External Collaborative Research Activity
	1
	Does the research activity involve collaborators outside of the University?
	YES
	☐
	NO
	☒

	2
	If Yes, please provide the name of the external organisation and name and contact details for the main contact person and confirmation this person has consented to their personal data being shared.as part of this collaboration.

	3
	Institution
	

	4
	Contact person name
	

	5
	Contact person e-mail address

	

	6
	Has this individual consented to sharing their details on this form?
	YES
	☐
	NO
	☐

	7
	Are you in receipt of a KESS scholarship?
	YES
	☐
	NO
	☐

	8
	Is your research externally funded
	YES
	☐
	NO
	☐

	9
	Are you specifically employed to undertake this research in either a paid or voluntary capacity?
	Voluntary
	YES
	☐
	NO
	☐

	10
	
	Employed
	YES
	☐
	NO
	☐

	11
	Is the research being undertaken within an existing UWTSD Athrofa Professional Learning Partnership (APLP)
	If YES then the permission question below does not need to be answered.
	YES
	☐
	NO
	☐

	12
	Permission to undertake the research has been provided by the partner organisation
	(If YES attach copy)
If NO the application cannot continue
	YES
	☐
	NO
	☐




Where research activity is carried out in collaboration with an external organisation
	13
	Does this organisation have its own ethics approval system?
	YES
	☐
	NO
	☐

	14
	





SECTION E: Details of Research Activity
	1
	Indicative title:
	Exploring the Link Between Breathing Strategies and Acoustics in Western Classical Singing

	2
	Proposed start date:
	September 15th 2023
	Proposed end date:
	April 30th 2024

	3
	Introduction to the Research (maximum 300 words)
Ensure that you write for a Non-Specialist Audience when outlining your response to the three points below:
· Purpose of Research Activity
· Proposed Research Question
· Aims of Research Activity
· Objectives of Research Activity
Demonstrate, briefly, how Existing Research has informed the proposed activity and explain
· What the research activity will add to the body of knowledge 
· How it addresses an area of importance. 

	4
	Purpose of Research Activity

Explore links between breathing strategies and acoustics in classical Western singing, and singers’ awareness of how they breath.


	5
	Research Question

"What are the Relations between Chest Wall, Epigastric and Hypogastric Expansions in Classical Singers Applying a Belly out-Method, and How do these Displacements Relate to Vocal Acoustics?" 


	6
	Aims of Research Activity

My aims with this research are to develop knowledge about the breathing method I teach and how it effects vocal acoustics, as well as how ideals of vocal acoustics may affect breathing strategies. I also aim to explore the subjects’ level of awareness of their breathing strategies, and which words they use to define it, to assess pedagogic applications.


	7
	Objectives of Research Activity

· Analyze the relations between chest wall, epigastric and hypogastric expansion.
· Explore possible co-relations between breathing strategies and vocal acoustics.
· Deepen understanding of to what degree singers are aware of their breathing strategy.


	8
	Proposed methods (maximum 600 words)


	9
	Mixed Methods Research Design

I will begin with a literature review, exploring peer-reviewed studies on breathing strategies, specifically related to vocal acoustics, to clarify where my study scientifically fits in. 

I will then examine myself, colleagues, and students when we sing a song/aria and some exercises. The exercises will be the same for everyone to facilitate comparison. The subjects will have bands (Resptraces/RespTracks) on them, measuring the movements of chest wall and abdomen and the sessions will be recorded and analyzed spectrographically in VoceVista software. I will also use EGG (electrographic glottoGram) to measure vertical larynx position, and axlarometers to measure vocal fold vibrations. All measure equipment will be supracutaneous. 

In this way, I will gain knowledge of both the relations between chest wall, upper and lower abdomen, and possible links between these movements, larynx position and the acoustic outcome. 

I will also include an experimental part of the study by externally inhibiting abdominal wall protrusion (with a belt/kidney belt/sport belt/corset to be tested and selected during the research), to see if the same acoustics can be obtained with or without abdominal protrusion. These measurements will all be quantitative.

As my aims also are to assess pedagogic applications, the subjects will have the possibility to redo passages that they want to improve during the sessions with the possibility of pedagogical instruction on how to improve. This will be a qualitative participant observation with participants’ knowledge, within the quantitative experiment. 

Before the sessions, the subjects will answer a questionnaire about their breathing methods. After the sessions, the subjects will answer another questionnaire about their experiences of the session. The questionnaires will be qualitative. This will bring valuable information about the technical awareness of the singers, and also about the effects of the pedagogic instructions on both breathing strategies and vocal acoustics.

Subjects will be chosen from colleagues and students. Data from measurements of chest wall and abdomen movements will be collected with 2-4 RespTrack bands or similar. Data about larynx position and vocal fold vibration will be collected with EGG and axlarometers. Spectrograms of the audio recordings will be analyzed in VoceVista software or other similar program. Questionnaires will be filled in online (the one prior to the measurements) and live on paper (directly after the sessions). 







	10
	Location of research activity
Identify all locations where research activity will take place.


	11
	
The questionnaires prior to the sessions will be filled in online. The experiments will take place at the laboratory of the Linguistic Faculty at Stockholm University, or at Stockholm Opera Center. After the sessions, the subjects will sit in a private room and fill in their questionnaires. The analysis of all the data will take place at the private office of the principal researcher.
(this box should expand as you type)

	12
	Research activity outside of the UK
If research activity will take place overseas, you are responsible for ensuring that local ethical considerations are complied with and that the relevant permissions are sought. Specify any local guidelines (e.g. from local professional associations/learned societies/universities) that exist and whether these involve any ethical stipulations beyond those usual in the UK (provide details of any licenses or permissions required). Also specify whether there are any specific ethical issues raised by the local context in which the research activity is taking place, for example, particular cultural and/or legal sensitivities or vulnerabilities of participants.

	13
	
I will follow the Research Integrity and Ethics Policy of the Stockholm University, based on the Swedish Ethical Review Act. 
(this box should expand as you type)


	14
	Use of documentation not in the public domain: Are any documents NOT publicly available?   

	NO
	☒

	
	
	YES
	☐

	15
	If Yes, please provide details here of how you will gain access to specific documentation that is not in the public domain and that this is in accordance with prevailing data protection law of the country in question and England and Wales.



(this box should expand as you type)





SECTION F: Scope of Research Activity
	1
	Will the research activity include:
	
YES
	
NO

	2
	Use of a questionnaire or similar research instrument?
	☒
	☐

	3
	Use of interviews?
	☐
	☒

	4
	Use of diaries?
	☐
	☒

	5
	Participant observation with their knowledge?
	☒
	☐

	6
	Participant observation without their knowledge?
	☐
	☒

	7
	Use of video or audio recording? 
	☒
	☐

	8
	Access to personal or confidential information without the participants’ specific consent?
	☐
	☒

	9
	Administration of any questions, test stimuli, presentation that may be experienced as physically, mentally or emotionally harmful / offensive?
	☐
	☒

	10
	Performance of any acts which may cause embarrassment or affect self-esteem?
	☐
	☒

	11
	Investigation of participants involved in illegal activities?
	☐
	☒

	12
	Use of procedures that involve deception?
	☐
	☒

	13
	Administration of any substance, agent or placebo?
	☐
	☒

	14
	Working with live vertebrate animals?
	☐
	☒

	15
	Other primary data collection methods, please explain in this box
For example, ‘focus groups’. Please indicate the type of data collection method(s) in this box and tick the accompany box.
	☒
	☐

	16
	Details of any other primary data collection method:

Experiments using resptracks, EGG and axlarometers.

(this box should expand as you type)
	
	


If NO to every question, then the research activity is (ethically) low risk and may be exempt from some of the following sections (please refer to Guidance Notes).

If YES to any question, then no research activity should be undertaken until full ethical approval has been obtained. 








SECTION G: Intended Participants
	1
	Who are the intended participants:
	
YES
	
NO

	2
	Students or staff at the University?
	☐
	☒

	3
	Adults (over the age of 18 and competent to give consent)?
	☒
	☐

	4
	Vulnerable adults?
	☐
	☒

	5
	Children and Young People under the age of 18? (Consent from Parent, Carer or Guardian will be required)
	☐
	☒

	6
	Prisoners?
	☐
	☒

	7
	Young offenders?
	☐
	☒

	8
	Those who could be considered to have a particularly dependent relationship with the investigator or a gatekeeper?
	☐
	☒

	9
	People engaged in illegal activities?
	☐
	☒

	10
	Others (please identify specifically any group who may be unable to give consent) please indicate here and tick the appropriate box.

	☐
	☒

	11
	Other – please indicate here:

(this box should expand as you type)
	
	



	12
	Participant numbers and source
Provide an estimate of the expected number of participants. How will you identify participants and how will they be recruited? 

	13
	How many participants are expected?

	3-10 

(this box should expand as you type)

	14
	Who will the participants be?

	I will invite as participants: 
- myself. 
- 1-2 colleague vocal pedagogues at the private school I teach
- possibly 1-2 colleague vocal pedagogues teaching at other schools.
- 1-5 students at our school. These students will mainly be students for whom I am the primary teacher, but there may also be one or two for whom my colleague at the school, also taking part in the experiment, is the head teacher – as necessary. 

Participants may be both teachers and students, or only teachers, depending on availability.
(this box should expand as you type)

	15
	How will you identify the participants?
	
We regularly do research at our private school, such as MR-studies, and use the results daily incorporated in our pedagogy. There is usually a large interest among teachers and students to participate. For this project, I will choose those teachers and students most representative for the breathing strategy we teach at Stockholm Opera Center. 

I will contact participants directly – in-person or by email, as appropriate:

- first explaining the methods of the project.
- then asking them if they would like to participate.
- Following expressions of interest, participants will be provided with project information in writing along with a consent form to sign if they consent to participate. 



(this box should expand as you type)



	16
	Information for participants:
	
YES
	NO
	
N/A

	17
	Will you describe the main research procedures to participants in advance, so that they are informed about what to expect?
	☒
	☐
	☐

	18
	Will you tell participants that their participation is voluntary?
	☒
	☐
	☐

	19
	Will you obtain written consent for participation?
	☒
	☐
	☐

	20
	Will you explain to participants that refusal to participate in the research will not affect their treatment or education (if relevant)?
	☒
	☐
	☐

	21
	If the research is observational, will you ask participants for their consent to being observed?
	☒
	☐
	☐

	22
	Will you tell participants that they may withdraw from the research at any time and for any reason?
	☒
	☐
	☐

	23
	With questionnaires, will you give participants the option of omitting questions they do not want to answer?
	☒
	☐
	☐

	24
	Will you tell participants that their data will be treated with full confidentiality and that, if published, it will not be identifiable as theirs?
	☒
	☐
	☐

	25
	Will you debrief participants at the end of their participation, in a way appropriate to the type of research undertaken?
	☒
	☐
	☐

	26
	If NO to any of above questions, please give an explanation 

	27
	

(this box should expand as you type)


	28
	Information for participants:
	
YES
	NO
	
N/A

	29
	Will participants be paid?
	☐
	☒
	☐

	30
	Is specialist electrical or other equipment to be used with participants?
	☒
	☐
	☐

	31
	Are there any financial or other interests to the investigator or University arising from this study?
	☐
	☒
	☐

	32
	Will the research activity involve deliberately misleading participants in any way, or the partial or full concealment of the specific study aims?
	☐
	☒
	☐

	33
	If YES to any question, please provide full details 

	34
	I will use:

Respitrace/Resptrack sensors or similar.
EGG.
Axlarometers.
Belt/Sportsbelt/Kidney belt/corset.
Audio recordings.
VoceVista sound analyzing software.

(this box should expand as you type)




SECTION H: Anticipated Risks
	[bookmark: _Toc211292892][bookmark: _Toc211293615][bookmark: _Toc211294094]1
	[bookmark: _Toc211292893][bookmark: _Toc211293616][bookmark: _Toc211294095]
Outline any anticipated risks that may adversely affect any of the participants, the researchers and/or the University, and the steps that will be taken to address them. 

If you have completed a full risk assessment (for example as required by a laboratory, or external research collaborator) you may append that to this form.  

	[bookmark: _Toc211292894][bookmark: _Toc211293617][bookmark: _Toc211294096]2
	[bookmark: _Toc211292895][bookmark: _Toc211293618][bookmark: _Toc211294097]Full risk assessment completed and appended? 

	[bookmark: _Toc211292896][bookmark: _Toc211293619][bookmark: _Toc211294098]Yes 
	☐

	
	
	[bookmark: _Toc211292898][bookmark: _Toc211293621][bookmark: _Toc211294100]No
	☒

	3
	Risks to participants
For example: emotional distress, financial disclosure, physical harm, transfer of personal data, sensitive organisational information

	4
	Risk to Participant:
Transfer of personal data

Changes of mind

Conflicts of interest due to being my colleague or student.
	How will you mitigate the Risk to Participant
Anonymizing all data and remove all identifying details.
Make clear to participants that the research will not begin without their consent, that they can withdraw at any time and that their decisions will in no way affect their activities at our private school.



(this box should expand as you type)

	5
	If research activity may include sensitive, embarrassing or upsetting topics (e.g. sexual activity, drug use) or issues likely to disclose information requiring further action (e.g. criminal activity), give details of the procedures to deal with these issues, including any support/advice (e.g. helpline numbers) to be offered to participants. Note that where applicable, consent procedures should make it clear that if something potentially or actually illegal is discovered in the course of a project, it may need to be disclosed to the proper authorities

	
	
n.a.

(this box should expand as you type)

	6
	Risks to investigator
For example: personal safety, physical harm, emotional distress, risk of accusation of harm/impropriety, conflict of interest

	
	Risk to Investigator:
Data exposure, accusations of impropriety, participants withdrawing.
	How will you mitigate the Risk to Investigator:
Anonymizing all data and remove all identifying details.
Making clear to participants that the research will not begin without their consent, that they can withdraw at any time and that their decisions will in no way affect their activities at our private school. Be transparent about all the aims, objectives and methods of the project.
Having enough participants to be able to complete the study even if some of them withdraw.



(this box should expand as you type)

	7
	University/institutional risks
For example: adverse publicity, financial loss, data protection

	
	Risk to University:
Data protection


(this box should expand as you type)
	Anonymizing all data, removing all identifying details and making clear to the participants that I am the sole researcher.


(this box should expand as you type)



	8
	Disclosure and Barring Service

	9
	If the research activity involves children or vulnerable adults, a Disclosure and Barring Service (DBS) certificate must be obtained before any contact with such participants.
	YES

	NO

	N/A


	10
	Does your research require you to hold a current DBS Certificate?
	☐
	☒
	☐



SECTION I: Feedback, Consent and Confidentiality
	1
	Feedback
What de-briefing and feedback will be provided to participants, how will this be done and when? 

	
	As the participants are students and/or colleagues, they will be informed in person and the results will be used for pedagogic purposes in our every-day work in the studio. They can request a full copy of the written report should they wish.


(this box should expand as you type)

	2
	Informed consent
Describe the arrangements to inform potential participants, before providing consent, of what is involved in participating. Describe the arrangements for participants to provide full consent before data collection begins. If gaining consent in this way is inappropriate, explain how consent will be obtained and recorded in accordance with prevailing data protection legislation.

	
	The participants will receive an appropriate consent form to sign prior to the study, so as to give their full consent to all parts of the study. They will be informed that they can withdraw at any time. These forms will be sent to the participants and sent back to me through e-mail. I will then delete the e-mails and store the forms in my personal and password protected Laptop. I never connect this Laptop to any open networks.


(this box should expand as you type)

	3
	Confidentiality / Anonymity
Set out how anonymity of participants and confidentiality will be ensured in any outputs. If anonymity is not being offered, explain why this is the case. 

	
	I will be working with students and/or colleagues whom I already know, and who or are used to doing research projects with us or have expressed a desire to do so. However, I will anonymize their personal data and I will not name participants or organisations in my report.
(this box should expand as you type)







SECTION J: Data Protection and Storage
In completing this section refer to the University’s Research Data Management Policy and the extensive resources on the University’s Research Data Management web pages (http://uwtsd.ac.uk/library/research-data-management/).
	1
	Does the research activity involve personal data (as defined by the General Data Protection Regulation 2016 “GDPR” and the Data Protection Act 2018 “DPA”)?
	YES
	NO

	
	“Personal data” means any information relating to an identified or identifiable natural person (‘data subject’). An identifiable natural person is one who can be identified, directly or indirectly, in particular by reference to an identifier such as a name, an identification number, location data, an online identifier or to one or more factors specific to the physical, physiological, genetic, mental, economic, cultural or social identity of that natural person.

	☒
	☐

	2
	If YES, provide a description of the data and explain why this data needs to be collected:

	
	Consent forms have to be collected to be able to initiate the research activity.  Audio recordings must be done in order to analyze acoustic outcomes. Questionnaires also have to be collected as part of the research project.


(this box should expand as you type)

	3
	Does it involve special category data (as defined by the GDPR)?
	YES
	NO

	
	“Special category data” means sensitive personal data consisting of information as to the data subjects’ –
(a) racial or ethnic origin,
(b) political opinions,
(c ) religious beliefs or other beliefs of a similar nature,
(d) membership of a trade union (within the meaning of the Trade Union and Labour Relations (Consolidation) Act 1992),
(e) physical or mental health or condition,
(f) sexual life,
(g) genetics,
(h) biometric data (as used for ID purposes),
	
☐
	
☒

	4
	If YES, provide a description of the special category data and explain why this data needs to be collected:

	
	
(this box should expand as you type)



	5
	
Will the research activity involve storing personal data and/or special category data on one of the following:
	YES
	NO

	6
	Manual files (i.e. in paper form)?
	☒
	☐

	7
	University computers?
	☐
	☒

	8
	Private company computers?
	☐
	☒

	9
	Home or other personal computers?
	☐
	☒

	10
	Laptop computers/ CDs/ Portable disk-drives/ memory sticks?
	☒
	☐

	11
	“Cloud” storage or websites?
	☐
	☒

	12
	Other – specify:

	☐
	☒

	13
	For all stored data, explain the measures in place to ensure the security of the data collected, data confidentiality, including details of password protection, encryption, anonymisation and pseudonymisation:

	
	
All data will be kept in password protected storage on personal laptop which will not be shared or connected to public networks. Audio data will be stored in personal VoceVista software on the same laptop, also protected by password. 
All participants will be given a unique identifier to ensure confidentiality and this list will be kept securely in the password protected folder. 
No cloud service will be used.
All manual files will be shredded on completion of the project.


(this box should expand as you type)

	14
	All Data Storage

	15
	Will the research activity involve any of the following activities:
	YES
	NO

	16
	Electronic transfer of data in any form?
	☒
	☐

	17
	Sharing of data with others at the University?
	☒
	☐

	18
	Sharing of data with other organisations?
	☐
	☒

	19
	Export of data outside the European Union or importing of data from outside the UK?
	☒
	☐

	20
	Use of personal addresses, postcodes, faxes, emails or telephone numbers?
	☒
	☐

	21
	Publication of data that might allow identification of individuals?
	☐
	☒

	22
	Use of data management system?
	☐
	☒

	23
	Data archiving?
	☐
	☒

	24
	If YES to any question, please provide full details, explaining how this will be conducted in accordance with the GDPR and DPA (and/or any international equivalent):

	
	
All data will be kept in password protected storage on personal laptop which will not be shared or connected to public networks. 
All participants will be given a unique identifier to ensure confidentiality and this list will be kept securely in the password protected folder. All data transfers will be encrypted, and password protected.  In accordance with the DPA2018, participants will have the right to ask to see what data is held relating to them, and this data will be deleted immediately if the participant requests this, in which case the data will not be used in the project.


(this box should expand as you type)

	25
	List all who will have access to the data generated by the research activity:

	
	The principal researcher and university tutor. If the participants wish, they will have access to their personal data.


(this box should expand as you type)

	26
	List who will have control of, and act as custodian(s) for, data generated by the research activity:

	
	The principal researcher.


(this box should expand as you type)

	27
	Give details of data storage arrangements, including security measures in place to protect the data, where data will be stored, how long for, and in what form. Will data be archived – if so how and if not why not.  

	
	
All data will be kept in password protected storage on personal laptop which will not be shared or connected to public networks. 
All participants will be given a unique identifier to ensure confidentiality and this list will be kept securely in the password protected folder. 
If any participant wants their data deleted, all their data will be deleted/shredded. Otherwise, it will be archived in the password protected personal computer of the sole researcher. 


(this box should expand as you type)

	28
	Please indicate if your data will be stored in the UWTSD Research Data Repository (see https://researchdata.uwtsd.ac.uk/ ).   If so please explain. (Most relevant to academic staff) 

	
	
n.a.

(this box should expand as you type)

	29
	Confirm that you have read the UWTSD guidance on data management (see https://www.uwtsd.ac.uk/library/research-data-management/)

	YES
	☒

	
	
	NO
	☐

	30
	Confirm that you are aware that you need to keep all data until after your research has completed or the end of your funding
	YES
	☒

	
	
	NO
	☐




SECTION K: Declaration
	31
	The information which I have provided is correct and complete to the best of my knowledge. I have attempted to identify any risks and issues related to the research activity and acknowledge my obligations and the rights of the participants.

In submitting this application I hereby confirm that I undertake to ensure that the above named research activity will meet the University’s Research Ethics and Integrity Code of Practice which is published on the website: https://www.uwtsd.ac.uk/research/research-ethics/ 

	
	Signature of applicant:
	
	Date:




For STUDENT Submissions:
	32
	Director of Studies/Supervisor:
	
	Date:

	33
	Signature:
	

	



For STAFF Submissions:
	34
	Academic Director/ Assistant Dean:
	
	Date:

	35
	Signature:
	

	



Checklist: Please complete the checklist below to ensure that you have completed the form according to the guidelines and attached any required documentation:
	☒
	I have read the guidance notes supplied before completing the form.

	☒
	I have completed ALL RELEVANT sections of the form in full.

	☒
	I confirm that the research activity has received approval in principle

	☒
	I have attached a copy of final/interim approval from external organisation (where appropriate)

	☐
	I have attached a full risk assessment (and have NOT completed Section H of this form) (where appropriate)  ONLY TICK IF YOU HAVE ATTACHED A FULL RISK ASSESSMENT

	☒
	I understand that it is my responsibility to ensure that the above named research activity will meet the University’s Research Ethics and Integrity Code of Practice.

	☒
	I understand that before commencing data collection all documents aimed at respondents (including information sheets, consent forms, questionnaires, interview schedules etc.) must be confirmed by the DoS/Supervisor, module tutor or Academic Director.

	☒

	I have deleted the guidance notes before submitting the PG2 for consideration



	RESEARCH STUDENTS AND STAFF ONLY
All communications relating to this application during its processing must be in writing and emailed to pgresearch@uwtsd.ac.uk , with the title ‘Ethical Approval’ followed by your name.
You will be informed of the outcome of your claim by email; therefore it is important that you check your University and personal email accounts regularly.

	STUDENTS ON UNDERGRADUATE OR TAUGHT MASTERS PROGRAMMES should submit  this form (and receive the outcome) via systems explained to you by the supervisor/module leader.


























[bookmark: _Toc69903523][bookmark: _Hlk152937569][bookmark: _Toc69903524]Appendix C. Participant Consent Form

Breathing in Classical Western Singing
Participant Consent Form 
Consent to take part in research

· I……………………………………… voluntarily agree to participate in this research study.
· I understand that even if I agree to participate now, I can withdraw at any time.
· I understand that I can refuse to answer any question or participate in any part of the experiments involved during the research process without consequences of any kind.
· I have had the purpose and nature of the study explained to me in writing and I have had the opportunity to ask questions about the study.
· I understand that participation involves performing a number of vocal exercises while wearing RespTracks, EGG, accelerometers, microphone and a tight belt, as well as answering questions about my experience.
· I understand that I will not benefit directly from participating in this research.
· I agree to my experiments being audio recorded, as well as to the recording of signals from RespTracks, accelerometer and EGG.
· I understand that all information I provide for this study will be treated confidentially.
· I understand that in any report on the results of this research my identity will remain anonymous. This will be done by changing my name and disguising any details which may reveal my identity. 
· I understand that disguised extracts from my sessions may be used and quoted in the relevant MA-thesis, conference presentations, published papers and similar. 
· I understand that signed consent forms and all data from the experiments will be retained in the personal computer of the sole researcher until the exam board confirms the results.
· I understand that under freedom of information legalisation I am entitled to access the information I have provided at any time while it is in storage as specified above.
· I understand that I am free to contact the researcher to seek further clarification and information.

Anna Elisa Lindqvist, M.A.
+46706674165, annaelisalindqvist@yahoo.com
                                 
                                                                                                       I believe the participant is giving informed
                                                                                                       consent to participate in this study.
-----------------------------------------                                    ----------------------------------------- 
Date and signature of participant                                 Date and signature of researcher
Appendix D – Translation of Pre-Experimental Survey

Breathing in Classical Western Singing

Survey before lab tests

Please fill in your answers and e-mail them to me at info@stockholmoperacenter.com before the day of the experiments, or bring them with you to the university and givet hem to me on the day of the experiment. 

1. The first question is about your intentions: How do you want/try to inhale and exhale when singing classical music? You can use physiological terms, or describe with your own words what is happening and/or what your feelings are. 

1a. Inhalation – how do you want/try to inhale when preparing for a phrase?
1b. Exhalation – how do you want/try to handle the air flow during the phrase while singing. 

2. How often do you experience that you succeed to breathe/handle the airflow in the way you wish and described above (chose one alternative)?

· Always
· Almost always, with some exceptions
· Mostly
· Often
· Sometimes
· Seldom
· Almost never
· Never

2b. If you answered something else than ”Always” – explain what you experience as difficult and if it is linked to any particular situation or register. 

3. Which expression/s best describe how you experience your breathing for singing (you can choose more than one alternative)? 

· I don’t need to think so much about my breathing. Most of it occurs automatically. 
· I really need to think about how to breathe all the time.
· Sometimes my breathing occurs automatically and in some situations I need to be extra present in order to breathe according to my intentions. 
· I feel quite insecure about how I should breathe.
· I mainly feel free in my breathing.
· I mainly feel unfree in my breating.

4. Is there anything you would like to improve in your breathing for singing? If ”yes”: What?




Signature and date





Thank you so much for your answers!















Appendix E – Translation of Survey Between Exp1 and Exp2


Breathing in Classical Western Singing.

Survey After Experiment 1

1. How well do you think that you succeeded with your breathing intentions (you can choose more than one alternative)?

· Very well – I breathed as I wanted and as usual. 
· Better than usual.
· Quite well.
· Not so good.
· Worse than usual.
· Badly. 
· I was satisfied with some things, and with others not.




Thank you for your answers!









Appendix F – Translation of Post-Experimental Survey

Breathing in Classical Western Singing
Survey After Experiment 2

1. How did you experience that breathing was affected by having the AW-belt on (you can choose more than one answer)?
· Breathing was not affected at all.
· Breathing was affected very much.
· Breathing was affected a little bit.
· I found it harder to breathe according to my intentions.
· I found it easier to breathe according to my intentions.
· I experienced the AW-belt as an obstacle.
· I experienced the AW-belt as a good resistance to work against.
· The AW-belt made me more aware of my breathing.

2. Do you experience that you could expand anything under the AW-belt?

· I could not expand anything at all.
· I could expand, but not as much as I am used to.
· I could expand but felt the expansion in other places or differently than usual. If possible, write where you felt it more (lower, higher, lower back, upper chest etc.): 



______________________________________________________________


· I felt as if I expanded as usual.



Thank you for your answers!


Appendix G – Answers to Pre-Experimental Survey


1. The first question is about your intentions: How do you want/try to inhale and exhale when you sing classical music? You can use physiological terms, or describe with your own words how you breath and/or which feeling you have.

1a. Inhalation: How do you want/try to inhale when preparing each new phrase?
	
	

	BN
	I lower the diaphragm and maintain that activity during all phonation. Inhalation then occurs automatically through open glottis. 

	HP
	Basically, I try to breathe with a so-called deep breathing or abdominal breathing. By the end of the inhalation, the diaphragm is maximally or almost maximally engaged. Depending on some aspects, such as length of the phrase, dynamics, or musical intentions, the volume of air can also vary through activating the inhalatory intercostal musculature. In some cases, an additional high, so-called chest breathing, can be necessary together with the abdominal breathing, so as to make the air last.

	MS
	With a release in which I breathe in like being surprised.

	CF
	I breath as deeply as possible, with as much flexibility as possible in the diaphragm: i.e. that the diaphragm is allowed to do its work, pull itself together and downwards without nearby obstacles such as tension in abdomen and belly. The goal is to make the whole diaphragm work, not only the font parts. The feeling is first downwards in the body, followed by backwards and outwards. The goal is to on or nearby “the broadest” control both air flow and pressure when breathing changes to phonation. Further, the goal is also not to disturb or trigger pharynx/tongue etc. the setup in the phonation apparatus. The breathing should create a good basis, by opening the pharynx, not closing it. Relax, rather than tensing tongue, jaw, neck etc.

	SS
	I try to breath “musically” so that the breathing follows the music, but I don’t succeed in breathing in enough air when I have only a short time to inhale.

	LE
	I try to take the right amount of air for the upcoming phrase. If I breathe in too much air, I feel that the air pressure gets too hard to control if I have a very challenging song. It’s a reflex to breathe in much air when charging for a demanding task, but I rather believe in the opposite in some cases. I try to keep an even rhythm when inhaling, but it all depends on the song. I always try to keep a sense of control when inhaling. I try to inhale with the nose as I perceive the air’s way down to the lungs better then. I also feel that I engage the support better.

	LS
	Mentally, I think of the first vowels of the phrase, so as to adjust the shape of my mouth, which consonants I can support on to establish connection to abdominal support, which I experience improve air flow. Before, I take a deep breath and press “down and out” the diaphragm.

	LC
	I would like to breathe in a professional way but have no such training. I often notice that I breath to shallowly and I don’t know how to “plan” my breathing correctly during choral singing. I often have the feeling that the air is not enough and that I need to breathe in the middle of the phrases.

	JS
	Just open the mouth and…let go of support (?) so that air is sucked into the mouth, I don’t think so much, but I don’t want the breathing to be heard.




1b. Exhalation: how do you want/try to handle the air flow during each phrase when singing?
	
	

	BN
	I try to activate intercostal muscles and note an activity at the lowest point of the breathing system, that is automatically activated.

	HP
	During exhalation I try to maintain the low position of the diaphragm achieved during inhalation, even when the air is ending. This is so as to create as good prerequisites as possible for the same tone quality in the beginning and in the end of each phrase. Some phrases need more power of air pressure, depending on dynamics, pitch etc. In these cases, I am helped by a more conscious work downwards with the chest, by applying e.g. the expiratory intercostal muscles

	MS
	Through feeling that I widen the abdomen and keep open so as not to push out the air.

	CF
	I try to “match” the outgoing pressure as even as possible without ending up in static tension. To increase when the expression demands it and decrease when needed. The tone/songs enemy is if one blows out all air, so by thinking that I am in an “inflated”/surprised position in which one breathes in naturally, I avoid pushing air from below and the tone being hoarse and sprawling. It’s often about the air flow being more even than even and rather less than more, but never squeezed/dry/tense, as happens when one has created tensions that strangle the flow. The pressure needs to be lower than one thinks, but the flow even. Pressure = subglottal pressure.

	SS
	I want the support to manage the out flow, so I’m always trying to do that. When phrases are very long, I don’t succeed, unfortunately.

	LE
	I try to work quite analytically with the song to see what parts demand the most air and where I can “hold back” and save air by changing timbre, amplitude etc.

	LS
	My intention is to always establish (and then maintain) abdominal support, that the air flow is even and balanced, in control, and that I have an “air-reserve” to take from.

	LC
	I try to manage through a whole song without it being noticed that I don’t breathe correctly. I probably try to save air as far as possible in order not to breathe at the wrong places. I would like “a plan” and be able to use my breathing in a correct way.

	JS
	As above but if there are fast passages, I breath as little as I can with a pressure, e.g. in “Batti batti” before “Sì, sì, sì, sì, sì, sì”, it must be fast. In the beginning I couldn’t do that, but now I can because I do something deep down in my abdomen in some way. I push to the last tone before with the support so that it bumps back with air.



2. How often do you feel that you succeed in breathing/handling the air flow according to your intentions?
	
	Always
	Almost always, apart some exceptions
	Mostly
	Often
	Sometimes
	Seldom
	Almost never
	Never

	BN
	
	
	x
	
	
	
	
	

	HP
	
	x
	
	
	
	
	
	

	MS
	x
	
	
	
	
	
	
	

	CF
	
	x
	
	
	
	
	
	

	SS
	
	
	x
	
	
	
	
	

	LE
	
	x
	
	
	
	
	
	

	LS
	
	
	x
	
	
	
	
	

	LC
	
	
	
	
	
	
	x
	

	JS
	
	s
	
	
	
	
	
	




2b. If you answered anything else than “Always”, please explain what you perceive as challenging and if it is linked to a specific situation or register.
	
	

	BN
	When I end up in mental “moods” like performance or other stress.

	HP
	Exposed to stressful situations (on stage, in front of a public, unrehearsed etc.), it is harder to keep calm and do each phrase in an optimal way or according to my intentions. Thoughts and feelings can make this more challenging. Also, physical aspects such as mucus, sore throat or a cold, can influence and worsen the ability to “stick to plan”.

	MS
	-

	CF
	After colds and coughing (like now) the body is tense from coughing and untrained. Then it does not work as well. The physical and psychological shape is somewhat decisive. And an important thing that probably will never permit me to choose “Always” is that there is always development potential for the vocal perfectionist. 

	SS
	It’s difficult when I have little time to breathe in.

	LE
	For me, it is mostly about not being super experienced in classical singing, so I do not always control my out flow 100%. I’m still learning about my timbres and technique in classical singing, so there are still some “bumps on the road”.

	LS
	-

	LC
	The problem is that my breathing is to shallow, but I also don’t want to destroy the song by breathing in too much air before a longer phrase. So instead, I decrease the sound volume, also because of lack of confidence. It probably is not linked to any particular situation, but always so.

	JS
	Fast in a high register.




3. Which answer(s) does/do best correlate to how you experience your breathing for singing?

	
	I don’t have to think so much about my breathing, Most of it occurs automatically.
	I really need to think about my breathing all the time.
	Sometimes breathing occurs naturally and in some situations, I need to be more present to breach according to my intentions.
	I feel quite insecure about how to breath.
	I mostly feel free in my breathing.
	I mostly feel unfree in my breathing.

	BN
	
	
	x
	
	
	

	HP
	
	
	x
	
	x
	

	MS
	
	
	
	
	x
	

	CF
	x
	
	
	
	x
	

	SS
	
	
	x
	
	
	

	LE
	
	
	x
	
	
	

	LS
	
	
	x
	
	x
	

	LC
	
	
	
	x
	
	

	JS
	x
	
	x
	
	
	





4. Is there anything that you would like to improve with your breathing for singing? In case of “yes”: What?

	
	

	BN
	My presence.

	HP
	More than breathing per se, I would like to improve my ability to be present in the breathing, when exposed to stressful situations.

	MS
	Good question, I don’t know.

	CF
	One would generally wish to be less tense… I have some injuries that make me more tense in joints and muscles, which sometimes creates problems. I want the phrases of Monserrat Caballé…

	SS
	I would like to be able to breathe in more air more quickly and maintain flexibility in phrase endings.

	LE
	If I am to speak about the technique I mostly use in my current profession, it would be not to “charge to hard”. Sometimes I do this, but I can also see that this mostly happens if the material is new. The more comfortable I feel with the material, the calmer and more controlled I am in my breathing.

	LS
	Yes, I feel that it’s difficult to sing more piano on high notes (above f5) and simultaneously master breathing, compared to my normal range.

	LC
	I would like guidance on how to breathe correctly. Some rules to apply so as not to risk running out of breath in the middle of the song, and self-confidence to breathe more with the belly.

	JS
	I don’t know. I think it works fine. It feels as if one finds ways, solutions when one has sung the aria or passage sometimes. The body solves the problem.
















Appendix H – Answers to the Survey between Exp1 and Exp2

Survey 2.

How well do you feel that you succeeded with your breathing intentions?

	
	Very well. I breathed as I wanted to and as I use to.
	Better than usual
	Quite well
	Not so well
	Worse than usual
	Bad
	Some things I am satisfied with, and some not.

	BN
	x
	
	
	
	
	
	

	HP
	x
	
	
	
	
	
	

	MS
	x
	
	
	
	
	
	

	CF
	
	
	
	
	x
	
	

	SS
	
	
	x
	
	
	
	

	LE
	x
	
	
	
	
	
	

	LS
	
	
	x
	
	
	
	

	LC
	
	
	
	x
	
	
	

	JS
	
	
	x
	
	
	
	



















Appendix I – Answers to Post-Experimental Survey

Survey 3

1. How did you feel your breathing was influenced by the AW-band?

	
	Breathing was not affected at all.
	Breathing was very much affected
	Breathing was somewhat affected.
	I found it harder to breathe according to my intentions
	I found it easier to breathe according to my intentions
	I experienced the white band as an obstacle.
	I experience the white band as a good resistance to work against.
	The white band made me more aware of my breathing

	BN
	
	x
	
	
	x
	
	x
	x

	HP
	
	x
	
	x
	
	x
	
	

	MS
	
	x
	
	
	x
	
	x
	x

	CF
	
	x
	
	x
	
	x
	
	

	SS
	
	
	
	x
	
	
	x
	x

	LE
	
	
	x
	
	
	x
	
	x

	LS
	
	
	
	x
	
	x
	
	

	LC
	
	x
	
	
	
	
	
	

	JS
	
	
	x
	x
	
	x
	
	x




2. Did you feel that you could expand anything at all under the white band?
	
	I could not expand anything at all.
	I could expand, but not as much as I am used to.
	I could expand but felt the expansion in other places/differently than usual. If possible, please write where you felt it more (lower, higher, lower back, upper chest etc.)
	I felt that I expanded as usual.

	BN
	
	
	I felt “pregnant” and gained better contact with the “bottom” of my breathing.
	

	HP
	
	x
	
	

	MS
	
	
	
	x

	CF
	
	
	Underneath the band, the body was struggling to be able to expand and was glued onto the band. The expansion occurred unpleasantly much above the band. The breathing wanted to push up the shoulders, but my training counterworked that, with the result that I was never “done” with any single inhalation. The whole larynx and pharynx felt instable and “scary” as well. Difficult with back expansion. It mostly ended up on the front side upwards and outwards. Inside of me, my brain reacts as if it’s the worst of stressful situations.
	

	SS
	
	x
	
	

	LE
	
	
	I felt it most in the abdomen. The breathing became more shallow and the air ended more quickly.
	

	LS
	
	x
	
	

	LC
	
	x
	A little more around the navel, not up at the ribs.
	

	JS
	
	
	Above the navel. I found it harder on the high notes.
	
























Appendix J  
Comparison of VLP and CPPS Data 
for each Singer in the Octave Leaps


	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


















Appendix K – 
All Octave Leap Values for Each Participant
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Appendix L – 
Exact Pitch Targets of Vocal Tasks for each Singer


	
	Low Range Triads on /i/, /e/, /u/, /ə/ and /a/. Performed three times in both Exp.1 and Exp2.

	High Range Triads on /i/, /e/, /u/, /ə/ and /a/. Performed three times in Exp 1 and twice in Exp.2. 
	Octaves on /a/, performed twice on each pitch in both exp.1 and Exp.2.

	BN
	d3-#f3-a3-#f3-d3
	bB3-d4-f4-d4-bB3
	d3-d4-d3, e3-e4-e3, #f3-#f4-#f3, g3-g4-g3, bA3-bA4-bA3


	MS
	f3-a3-c4-a3-f3
	bB3-d4-f4-d4-bB3
	c3-c4-c3, e3-e4-e3, g3-g4-g3, bA3-bA4-bA3


	SS
	e4-g4-b4-g4-e4
	bB4-d5-f5-d5-bB4
	d4-d5-d4, f4-f5-f4, g4-g5-g4, bA4-ba5-bA4, a4-a5-a4 (#f4-#f5 added in Exp.2).


	LE
	d4-#f4-a4-#f4-d4
	c5-e5-g5-e5-c5
	d4-d5-d4, f4-f5-f4, g4-g5-g4, bA4-ba5-bA4, bB4-bB5-bB4, c5-c6-c5, d5-d6-d5


	CF
	d4-#f4-a4-#f4-d4
	c5-e5-g5-e5-c5
	c4-c5-c4, e4-e5-e4, g4-g5-g4, a4-a5-a4, bB4-bB5-bB4 (CS was not able to perform the highest leap in Exp.2).


	JS
	f4-a4-c5-a4-f4
	c5-e5-g5-e5-c5
	d4-d5-d4, f4-f5-f4, bA4-ba5-bA4, bB4-bB5-bB4, c5-c6-c5, d5-d4-d5 (In Exp.2, bA4-bA5 was changed to g4-g5).  





The pitches were not the same for all participants, partly since they all have different vocal fachs. For the low and high triads, the singers were asked to pick a key that they felt as comfortable and challenging respectively. Due to the discomfort of the abdominal belt in Exp.2, the high triads were only repeated twice in Exp.2, instead of three times as in Exp.1. For the octaves a comfortable key to start with was chosen, whereafter the singers went up as far as they wanted to. Within the tasks of each participant, the chosen keys were the same in Exp.1 and Exp.2 in all triads, while there were some two slight variations in the octaves (noted below). For SS, an octave leap on #f2-#f3 was added in Exp.2, and for JS an octave leap on g2-g3 was performed in Exp.2 instead of the bA2-bA3 in Exp.1. For CS, there is also a difference, since she could not manage to perform the highest leap in with the abdominal belt on in Exp.2.

VLP Overall Results

Exp.1	Mean	Median	Std Dev	-8.1086918500092753E-2	-0.15649077803223399	0.89988087053573629	Exp.2	Mean	Median	Std Dev	8.3463415950051356E-2	5.54143190892393E-2	1.0630617571528753	



CPPS  Overall Results

Exp.1	Mean	Median	Std Dev	18.408611832677408	18.195466171423799	2.5506457827277798	Exp.2	Mean	Median	Std Dev	18.472276069533045	18.340364917411598	2.5684715482631146	



CF - VLP Overall Results

Mean	Median	Std Dev	-7.255617157268926E-2	-0.15177118683125301	0.91687492124697334	Mean	Median	Std Dev	6.2112480209953642E-2	7.2106799341262698E-2	1.0655679584376616	



MS - VLP Overall Results 

Mean	Median	Std Dev	-0.21553229359029638	-0.36122834439085799	1.1148749215380143	Mean	Median	Std Dev	0.22533792056799193	0.10316694908332	0.73128656438246398	



SS - VLP Overall Results 

Mean	Median	Std Dev	-0.38440337070938307	-0.38763478311101351	0.81519297841661975	Mean	Median	Std Dev	0.36211911733492669	0.44304632257270049	1.0251182724407553	



JS - VLP Overall Results

Mean	Median	Std Dev	-7.2817975818029693E-2	-0.21943478888585999	0.76146029302332052	Mean	Median	Std Dev	0.10112065394216246	-0.34000255037446947	1.1419192796471724	



BN - VLP Overall Results

Mean	Median	Std Dev	7.2684231381387132E-2	0.1026612793374341	0.7461261666768495	Mean	Median	Std Dev	-6.9477574114561166E-2	0.14184460358509099	1.192078393815573	



LE - VLP Overall Results

Mean	Median	Std Dev	0.1575688549587321	0.21369289894368049	0.91864790409690977	Mean	Median	Std Dev	-0.15756885495873191	3.3642250124141598E-2	1.0550687983988061	



BN - CPPS Overall Results

Mean	Median	Std Dev	21.592736108672085	21.96694176195675	1.9910636721544548	Mean	Median	Std Dev	21.210924237152454	21.470061913116549	2.1432341249444127	



CF - CPPS Overall Results

Mean	Median	Std Dev	16.315879826969461	16.462394747856699	1.691644792994444	Mean	Median	Std Dev	16.048262329511235	16.259000880239853	1.8558920063254538	



JS - CPPS Overall Results 

Mean	Median	Std Dev	18.259763221555502	18.325772159603151	1.424562425651114	Mean	Median	Std Dev	18.606088424887481	18.673240978306701	1.4507258655208046	



LE - CPPS Overall Results

Mean	Median	Std Dev	17.22330754165456	17.237323636426751	1.8512592698198209	Mean	Median	Std Dev	17.34996169338379	17.205321318182598	1.7744356907080612	



MS - CPPS Overall Results 

Mean	Median	Std Dev	19.58390313505716	19.770830730999201	2.3396111848566106	Mean	Median	Std Dev	20.121243673609456	20.6668648663018	2.4251092130255532	



SS - CPPS Overall Results

Mean	Median	Std Dev	17.381983763529838	17.5877611376511	1.8671653971797524	Mean	Median	Std Dev	17.687158714130049	17.707179483378653	1.7895261285635906	



Octaves: VLP Mean Value All Participants

Exp.1	0	0.24915374166006363	9.4398915971614442E-3	Exp.2	0	0.34824979294916913	5.7435378351485246E-2	



Octaves: VLP Median Value All Participants

Exp.1	0	0.25772939264699402	2.3937617643212099E-2	Exp.2	0	0.452626572954692	7.7153943725792595E-2	



Octaves: VLP Std Dev All Participants

Exp.1	0	1.2915837982472922	0.72898280213141797	Exp.2	0	1.625989849294265	0.78110733696212098	



BN - VLP Mean Value Octaves

0	0.56009551716183725	8.64557858261472E-2	0	0.89808437630648585	6.6183944380717161E-2	



JS - VLP Mean Value Octaves

Exp.1	0	0.72964156021326287	-0.21551365054453131	Exp.2	0	1.4673083344793472	0.20178266985954071	



LE - VLP Mean Value Octaves

Exp.1	0	0.45847324148659263	-0.2389331388187601	Exp.2	0	1.1029537879685687	-0.6322236675388242	



MS - VLP Mean Value Octaves

Exp.1	0	0.46494039196656289	-0.26728668144719464	Exp.2	0	1.281673583302277	-9.7509118375282866E-2	



LS - VLP Mean Value Octaves 

Exp.1	0	1.5577798244121186	0.21266949464863955	Exp.2	0	1.5192858150836732	0.36402064292269881	



HP- VLP Mean Value Octaves

Exp.1	0	-0.35404358849870227	0.168435221687011	Exp.2	0	-7.5933191392275501E-2	-7.4259880353394897E-3	



LC- VLP Mean Value Octaves

Exp.1	0	-1.3018553574913854	-1.2285110073269221E-2	Exp.2	0	-0.81061379984335813	-5.7378396427536435E-2	



CF - VLP Mean Value Octaves

Exp.1	0	-0.77213048806430928	-0.40602942778589862	Exp.2	0	-0.9081506235732788	5.2886247396445582E-2	



SS - VLP Mean Value Octaves

Exp.1	0	0.45889202109292249	0.83833843967967581	Exp.2	0	-1.7310300675909742	0.59058723058908191	



Octaves: VLP Mean Value All Participants

Exp.1	0	0.24915374166006363	9.4398915971614442E-3	Exp.2	0	0.34824979294916913	5.7435378351485246E-2	



Octaves: CPPS Mean Value All Participants

Exp.1	18.032740054780049	18.774813107701863	17.810077239217414	Exp.2	17.952518990523775	18.570437118790128	18.007812503610943	



HP: VLP Mean Value Octaves 

Exp.1	0	-0.35404358849870227	0.168435221687011	Exp.2	0	-7.5933191392275501E-2	-7.4259880353394897E-3	



HP: CPPS Mean Value Octaves 

Exp.1	19.768231223583935	22.637980916120636	19.853053894109781	Exp.2	16.664214595793101	23.387959537011174	18.425018234097873	



LC: VLP Mean Value Octaves 

Exp.1	0	-1.3018553574913854	-1.2285110073269221E-2	Exp.2	0	-0.81061379984335813	-5.7378396427536435E-2	



LC: CPPS Mean Value Octaves 

Exp.1	17.699939364538558	16.91150657780193	17.118988889598945	Exp.2	17.952194548816887	16.734779630532525	17.997603785258676	



BN: VLP Mean Value Octaves

0	0.56009551716183725	8.64557858261472E-2	0	0.89808437630648585	6.6183944380717161E-2	



BN: Cpps Mean Value Octaves


22.975618253023224	22.610765125495401	22.188959410794951	20.638122977129349	20.291532856338574	20.065827590337637	



JS: VLP Mean Value Octaves 

Exp.1	0	0.72964156021326287	-0.21551365054453131	Exp.2	0	1.4673083344793472	0.20178266985954071	



JS: CPPS Mean Value Octaves 

Exp.1	18.157454100535542	18.330875316178105	17.834662453017643	Exp.2	19.511264685235975	18.977479402098737	20.019824264533167	



LE: VLP Mean Value Octaves 

Exp.1	0	0.45847324148659263	-0.2389331388187601	Exp.2	0	1.1029537879685687	-0.6322236675388242	



LE: CPPS Mean Value Octaves 

Exp.1	17.301879634608419	17.633674423067198	17.041259661707226	Exp.2	17.73654864341815	17.523416156792905	17.365104339874289	



MS: VLP Mean Value Octaves 

Exp.1	0	0.46494039196656289	-0.26728668144719464	Exp.2	0	1.281673583302277	-9.7509118375282866E-2	



MS: CPPS Mean Value Octaves 

Exp.1	17.088534162160087	21.540323102789976	16.492906605187788	Exp.2	17.701589497023399	21.581572083889601	17.921842449455674	



LS: VLP Mean Value Octaves 

Exp.1	0	1.5577798244121186	0.21266949464863955	Exp.2	0	1.5192858150836732	0.36402064292269881	



LS: CPPS Mean Value Octaves 

Exp.1	17.394676998490219	19.273378645093732	17.904462637789585	Exp.2	17.657846568485013	18.4548700946184	17.875285767700099	



HP: VLP Mean Value Octaves 

Exp.1	0	-0.35404358849870227	0.168435221687011	Exp.2	0	-7.5933191392275501E-2	-7.4259880353394897E-3	



HP: CPPS Mean Value Octaves 

Exp.1	19.768231223583935	22.637980916120636	19.853053894109781	Exp.2	16.664214595793101	23.387959537011174	18.425018234097873	



LC: VLP Mean Value Octaves 

Exp.1	0	-1.3018553574913854	-1.2285110073269221E-2	Exp.2	0	-0.81061379984335813	-5.7378396427536435E-2	



LC: CPPS Mean Value Octaves 

Exp.1	17.699939364538558	16.91150657780193	17.118988889598945	Exp.2	17.952194548816887	16.734779630532525	17.997603785258676	



CF: VLP Mean Value Octaves 

Exp.1	0	-0.77213048806430928	-0.40602942778589862	Exp.2	0	-0.9081506235732788	5.2886247396445582E-2	



CF: CPPS Mean Value Octaves 

Exp.1	16.489716179109681	15.703664214178845	15.915775858041581	Exp.2	15.981790091564728	16.184609852888517	15.185009058257421	



SS_Octaves_VLP_Mean Value

Exp.1	0	0.45889202109292249	0.83833843967967581	Exp.2	0	-1.7310300675909742	0.59058723058908191	



SS_Cpps_Oktaver_Medel

Exp.1	16.861627722323327	17.728059982011864	17.20622650492588	Exp.2	16.624244613791976	18.446155981815739	16.960883504437735	
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