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Abstract
Electrolaryngography (Lx) and electroglottography (EGG) are non-invasive methods used to assess human vocal fold vibration and investigate speech and singing. This paper provides a systematic review of evidence-based studies using Lx/EGG in the analysis of the singing voice, identifying and critically appraising the thematic content and the research methodologies of the relevant investigations. Lx/EGG represents a powerful tool for the analysis of the singing voice in medical settings, and in support of research and teaching. Current research in this area is paving the way towards a better comprehension of singing performance. 
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Electrolaryngography (Lx) and electroglottography (EGG) are non-invasive techniques for assessing human vocal folds, through the application of electrodes placed externally on either side of the neck. Developed by Fabre, the basic principle of EGG was reported in Fabre (1940) and fully explained in Fabre (1957). The tool was further developed by Fourcin and Abberton (1971), who presented a slightly different version, the Lx, and by Rothenberg (1992), who designed the multichannel EGG, featuring a vertical array of two pairs of electrodes to track the vertical movements of the larynx. 
Based on the principle that human tissue is a good electrical conductor while air is not, the Lx/EGG electrodes monitor the closing and opening of the vocal folds (see Figure 1), by measuring variations in the electrical impedance of the larynx. A constant, high frequency current in the 0.3-3MHz range is sent through the neck of the participant using the electrodes: the impedance/admittance variation of the current, caused by the contacting and de-contacting of the vocal folds, is measured (Fourcin & Abberton, 1971), which reflects the amount of contact between the vocal folds (Scherer, Druker, & Titze, 1988) and is graphically represented in the waveform produced. 
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Figure 1. Schematic representation of the vocal folds[footnoteRef:1] in open position, which are located within the larynx at the top of the trachea. The gap between them is called the glottis. [1:  Vocal folds are constituted by muscles shaped as folds and are approximately 9 to 13 mm and 15 to 20 mm long in adult females and males, respectively (Sundberg, 1987, p. 6).] 


The Lx/EGG waveform allows the objective measurement of a number of aspects of vocal fold vibration occurring during phonation[footnoteRef:2]. The most common quantitative parameters include: [2:  ‘Phonation means sound generation by means of vocal fold vibration’ (Sundberg, 1987, p. 9)] 

· Amplitude (Amp): peak-to-peak amplitude of each cycle
· Fundamental period (T0): duration of one vibratory cycle
· Fundamental frequency (fo): calculated as 		 
· Vocal fold closed phase (CP): the time in each cycle for which the vocal folds remain in contact
· Vocal fold open phase (OP): the time in each cycle for which the vocal folds remain apart
· Vocal fold contact quotient (CQ): an estimation of the time for which the vocal folds are in contact. This parameter was also referred to as “closed quotient” (Fourcin & Abberton, 1971; Howard, 1995) or as “quasi closed-quotient” (Hacki, 1996); nevertheless, the term “contact quotient”, introduced by Davies, Lindsey, Fuller and Fourcin (1986) in relation to EGG, recognises that it does not reflect a full glottal closure (Herbst, Schutte, Bowling, & Švec. in press). 
· Vocal fold open quotient (OQ): an estimation of the time for which the vocal folds remain apart. 
CQ and OQ were firstly measured in the ‘70s by Fourcin and Abberton using a threshold-based technique, identifying the (de)contacting instants in the Lx/EGG waveforms when crossing a given threshold, ranging between 20 and 80% of the peak-to-peak amplitude (Howard, 2009). Some researchers have also used the derivative of the EGG signal (DEGG) to investigate the maximum glottal opening and closing instants based on the positive and negative peaks of the DEGG, as shown in Figure 2 (Teaney & Fourcin, 1980; Henrich, d’Alessandro, Doval, & Castellengo, 2004). Results suggest that DEGG may be a valuable tool for the identification of peculiar glottal configurations (Bernadin, Morris, Okerlund, Ellerbe, & Kessela, 2015). DEGG is preferable to most threshold-based analysis in the case of sustained sounds (Henrich et al., 2004), although it can be difficult to identify the start of the open phase when multiple peaks occur due potentially to the influence of mucus strands (Colton & Conture, 1990), or abnormalities in vocal fold tissue structure affecting EGG regularity (Baken & Orlikoff, 2000; Kitzing, 1990).

Figure 2. Lx waveform of a semi-professional soprano extracted from Speech Studio software, showing amplitude and period of a vocal fold vibratory cycle[footnoteRef:3] normalized in the range 0-1, and two different methods to calculate the contact quotient: a 35% threshold-based technique with (de)contacting events marked in dark grey, and an Lx derivative-based method with (de)contacting events highlighted in light grey.  [3:  Each closure with return to the open position of the vocal folds is referred to as a cycle and the number of vibratory cycles occurring each second determines the fo being produced, which corresponds to the pitch which is heard (Sundberg, 1987, p. 10-11). Considering an operatic soprano range, for instance, their vocal folds will vibrate from approximately 220 – 988 times a second, corresponding to an A3 (220Hz) and B5 (988Hz) (Hirano, 1981, p. 89; Sataloff, 2005, p. 82). ] 


Other studies compared different approaches used to measure the closed quotient (CQ) for the analysis of the singing voice, suggesting the importance of distinguishing the methods used when reporting and comparing the data. The CQ values derived from EGG differ from those obtained from inverse filtering, a technique that filters the resonant effects of the vocal tract from the acoustic waveform output of the voice to estimate the glottal volume velocity waveform (Lã & Sundberg, 2015; Mecke, Sundberg, Granqvist, & Echternach, 2012), from those derived from high-speed digital imaging, (Mecke et al., 2012), and videokymiographic endoscopy (Herbst et al., in press; Herbst & Ternström, 2006). A new method for analysing and displaying EGG and DEGG signal has been developed: the EGG wavegram, an alternative technique to measuring contact quotient, independent from any arbitrary threshold criterion, provides insights into vocal fold dynamics in speech and singing, by measuring time-varying fo and consecutive glottal cycles (Herbst, Fitch, & Švec, 2010b). Recently, a novel EGG-based clustering method has been developed as an alternative to the standard time-domain based analysis, which proved to be a valuable approach to systematically differentiate EGG shapes of modal and falsetto voices (Selamtzis & Ternström, 2014) and in relation to the acoustic signal (Selamitz & Ternström, 2016). Lastly, EGG recording during dynamic lung MRI has been made possible by Özen et al. (2016), to analyse the respiratory dynamics in breathing and phonation (Traser et al., 2017a) and the regional ventilation during phonation in singers (Traser et al, 2017b).
Narrative reviews describe limitations related to the appropriate size and placement of electrodes and the effect of neck thickness. It has been shown that the proper placement of the electrodes is essential to ensure accurate and reliable recordings of vocal fold vibration (Abberton et al., 1989). The electrodes should be placed in the thyroid region behind the vocal folds to maximize recording of the electrical impedance variation. Research has found that the signal resulting from Lx/EGG may be too weak or noisy to be reliable in certain populations, including, children (Howard, 2009), sopranos (Pabst & Sundberg, 1993), and when a thick layer of subcutaneous tissue is present in the neck (Askenfelt, Gauffin & Sundberg, 1980; Colton & Conture, 1990; Haji, Horiguchi, Baer & Gould, 1986). Literature also describes its application to investigate and treat speech and voice problems as well as analysing the normal function of the voice source in clinics and research laboratories, and supporting vocal pedagogy in the singing studio (Abberton, Howard, & Fourcin, 1989; Baken & Orlikoff, 2000, Childers & Krishnamurthy, 1985; Colton & Conture, 1990; Howard, 1999, 2009; Lã, 2012; Miller & Schutte, 1999; Rothenberg, 1992).
A comprehensive evaluation of the studies that investigate the singing voice using Lx/EGG has not previously been conducted. This paper provides a systematic review of the empirical studies that use Lx/EGG for singing voice analysis, to identify and critically appraise the methodology and thematic application of current research. 
Methods
This review has been performed using the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines (Moher, Luberati, Tetzlaff, & Altman, 2009). The PRISMA flowchart is shown in Figure 3.
Literature search strategy
This review includes empirical investigations that make use of Lx/EEG to analyse aspects of the singing voice. The following criteria established the pertinence of each study: 
1. Inclusion criteria:
a) Only English-language studies are considered
b) Analysis of the characteristics of the singing voice is provided
c) Lx/EEG equipment is employed 
d) Major investigations and case-studies are presented and retrievable
e) Any studies using singers are included, including those developing atypically 
2. Exclusion criteria:
a) Review publication (e.g., meta-analyses) 
b) A full report is not provided: the publication summarises the study, but protocols and analysis are not provided 
Data extraction
Two researchers (SD and HD) defined and piloted a data extraction form, independently extracting the entire data set and comparing results. Inter-rater reliability was 100%. The data form includes authorship, year, place and study design of the publication, number and type of participants, apparatus, Lx/EGG derived parameters analysed in the study, research questions, main thematic content, summary of the main findings and conclusions. 
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Figure 3. PRISMA flow chart (Moher et al., 2009). 
Procedure
The literature search was based on a four-step approach. Firstly, large online databases were searched for relevant articles (PubMed, Web of Science, and Google Scholar), using the following terms: electrolaryngograph singing, electrolaryngograph singer, electrolaryngograph chorister, electroglottograph singing, electroglottograph singer, electroglottograph chorister. The journals in which articles appear most frequently were identified (Journal of Voice, Journal of Acoustical Society of America, Logopedics Phoniatrics Vocology, and Folia Phoniatrica and Logopaedica) and all their issues reviewed online for additional similar publications. The reference lists of the above articles were also searched for related studies. Finally, the resulting list of articles was reviewed to identify the authors recurring multiple times (Matthias Echternach, Nathalie Henrich, Christian Herbst, David Howard, Filipa Lã, Donald Miller, Johan Sundberg, and Sten Ternström). Their complete list of publications was investigated and they were contacted via email for retrieval of unpublished articles, which were included if the criteria were met.
Data synthesis
[bookmark: _GoBack]The protocol created a shortlist of 104 publications, which were critically appraised according to the methodology and the thematic category. These articles were summarized in Excel and are reported in Appendix.
Results  
Thematic categories 
As shown in Figure 4, the research questions addressed within the literature revealed nine recurring broad categories, in which the application of Lx/EGG played a valuable role in advancing understanding of the singing voice.

Figure 4. Analysis of the selected articles showing the number of publications according to the thematic content identified on the bases of the research questions addressed. 

Singing Styles (27 studies). Research have used Lx/EGG to investigate and compare the different characteristics of various singing styles such as Western and Peking operatic singing, Music Theatre (MT), Pop, Rock, Jazz, Blues, Soul, Swedish Dance Band, Bizantine chant, Japanese, legit, belting, and a cappella singing, mostly in the adult population. Based on Lx/EGG signals, MT and belting style seem to be characterized by significantly higher CQ than opera singing (Björkner, 2008; Estill, 1988; Evans, 1995; Evans & Howard, 1993). Belt also shows longer CP and glottal adduction than employed in a neutral style of singing (Bestebreurtje & Schutte, 2000; Sundberg & Thalén, 2015). However, a larger study did not report different CQ values across legit and belt style, with results close to 50% in both styles (Lebowitz & Baken, 2011).
Other differences between Western Classical singing and non-classical styles, such as belting, Pop, Rock, Folk and Broadway musicals, include laryngeal position and vocal fold patterns (Schutte & Miller, 1993). A comparative investigation of the voice source characteristics used to perform single tones in Pop, Rock, Jazz and Blues showed that the voice source is close to flow and neutral phonation in Classical style, close to neutral in Pop and Jazz, and in pressed phonation in Blues (Thalén & Sundberg, 2001). Zangger Borch and Sundberg (2010) and Sundberg, Thalén and Popeil (2012) made use of DEGG as part of an inverse filtering approach, to further investigate, respectively, Pop, Rock, Soul and Swedish Dance Band styles and substyles of belting.
A few studies also investigated the idiomatic characteristics of operatic and early music styles by means of Lx/EGG data analysis. The case study conducted by Howard (1992) reported the presence of some vibrato in the opera and early music style, but none in the Elizabethan style. Daffern (2008) highlighted a number of distinguishing characteristics of operatic music and early music, demonstrating that singers in the early music group used a smaller vibrato extent and employed vibrato in fewer tones than operatic singers. Howard, Brereton and Daffern (2009) also reported different CQ values between operatic, early music mainstream and clear smooth sweet chaste, as defined by in Bethel (2009), performed by a single singer, whilst CQ behavior did not seem to characterize operatic and early music performance specialism in two groups (Daffern & Howard, 2010). Recently, Sundberg, Lã and Gill (2016) found significant differences between vowels for CQ at four different pitches in male opera singers. By analysing EGG derived CQ and larynx position, opera singers show the ability to compensate for the effects of changes in the lung volume capacity (Thomasson, 2003a, b).   
Yodelling singing, characterized by rapid and repeated changes in pitch, presents low CQ for the upper pitch (Echternach & Richter, 2010), whilst Noh singing, a traditional Japanese style, features low OQ, high speed quotient and utilisation of three phonation types identified as pressed, vocal-ventricular mode and growl voice (Yoshinaga & Kong, 2012). Byzantine chant performance, analysed through the application of EGG for pitch track, presents microintervallic differences with the equal temperament scales introduced by the Patriarchal Music Committee (Delviniotis, Kouroupetroglou, & Theodoridis, 2008). Peking opera singing features a vibrato rate of 3.5 Hz, which is notably slower than Western Classical singing, although the contribution of the Lx data to this analysis is unclear (Sundberg, Gu, Huang, & Huang, 2012). 
EGG is also used to investigate the non-linear dynamic characteristics of the human vocal fold vibratory system analysing the period-doubling occurrences found in some Asian vocal cultures (e.g., Tibetan voice and Mongolian Kargyraa voice) and in the Sardinian bassus style. Bailly, Henrich, Webb, Müller, Licht, and Hess (2007) and Bailly, Henrich and Pelorson (2010) found the periodic variation of glottal cycle duration and the active involvement of the ventricular folds, vibrating at half of the glottal-cycle frequency, during phonation.
Finally, a few studies have investigated a cappella SATB performance, reporting a grouping of CQ values for each member of a quartet (Howard, 2003), and a smooth distribution of CQ values between the parts in support of choral blending (Howard, 2007c). 
Registers and voice classification (25 studies). Empirical investigations have used Lx/EGG to analyse the sung vocal range, and the associated registers and register transitions commonly identified in Western music and often labelled the chest (or modal), head, and falsetto register. Based on EGG signals, Kitzing (1982) highlighted some physiological characteristics of falsetto, featuring increased fo. These results suggest the decrease of the muscular tension during voice break, corroborating previous electromyography derived findings (Hirano, Vennard, & Ohala, 1970). 
Roubeau, Chevrie-Muller and Arabia-Guidet (1987) revealed a large variation of EGG data across voice registers in male and female, trained and untrained voices. Visual inspection of the shape and size of the Lx waveforms of professional countertenors revealed the presence of characteristics of both falsetto singing, featuring relatively small CQ, and modal singing, exhibiting large CQ (Welch, Sergeant, & MacCurtain, 1988). A later study confirmed different voice source behaviors between modal and falsetto singing related to the size and shape of the Lx waveform, although some bass/baritones and tenors also exhibited “modal” shapes in falsetto singing (Welch, Sergeant, & MacCurtain, 1989). Register shifts between chest and falsetto were clearly marked in the EGG wavegrams of a classically trained baritone (Herbst, Hess, Müller, Švec, & Sundberg, 2015). The pilot study conducted by Miller and Schutte (1993) with two professional female singers objectively described the highest register, identified by different terminologies such as the flageolet, flute, bell or whistle register, reporting a reduced vocal fold oscillation based on EGG analysis. Early studies identified distinct patterns between EGG waveforms and sub- and supraglottal pressure variations in a bass-baritone voice (Miller & Schutte, 1984) and in soprano high notes (Schutte & Miller, 1986). EGG has also contributed to the definition of male head register and the passaggio in opera singing (Miller & Schutte, 1994). 
A number of studies focus on laryngeal function during the transition between registers. Neumann, Schunda, Hoth and Euler (2005) reported the lack of consistent patterns in CQ during the transition between head and chest registers in male operatic singers. Echternach, Dippold, Sundberg, Arndt, Zander and Richter (2010) and Echternach, Sundberg, Zander and Richter (2011) found irregularities in vocal fold oscillation during the transition between falsetto and modal register, in addition to higher OQ and lower CQ respectively. The EGG recordings confirm changes in the voice source characteristics during this transition, by means of a greater CQ, and less dominant fundamental in modal register (Salomão & Sundberg, 2009). The transition between chest and middle registers features a slight decrease in the CQ values (Miller & Schutte, 2005; Morris, Okerlund, & Craven, 2016), and is associated with changes in the vocal tract length, measured using Lx and a microphone, suggesting that the larynx lowers after the transition (Amarante Antrade, 2012). 
Other studies further investigate registers in terms of the laryngeal vibratory mechanisms that characterize human voice production. The performance of a glissando and held notes of trained and untrained voices clearly indicates three distinct laryngeal transitions, corresponding to four laryngeal mechanisms graded from low to high and labelled M0-M3; the transition to a higher mechanism is characterized by a pitch jump, a decrease of EGG amplitude, and a change in the DEGG signal (Roubeau, Henrich, & Castellengo, 2009). The DEGG derived OQ seem to be significantly correlated with two main laryngeal mechanisms: M1 referring to chest, modal and male head register; and, M2 related to falsetto for males and head register for females (Henrich, Castellengo, d’Alessandro, & Doval, 2005). OQ was also found to be strongly related to fo in M2. These findings were corroborated by Henrich, Wolfe and Smith (2014), who revealed that DEGG derived CQ in M1 increased in that of M2 in professional operatic singers when performing the same vowel at the same pitch.  The transition to the whistle register in 12 sopranos featured a single laryngeal transition related to two laryngeal mechanisms, M2 and M3, associated with the head and whistle register, whose laryngeal transition range varied among the singers between the interval D#5 and D6 (Garnier, Henrich, Crevier-Buchman, Vincent, Smith, & Wolfe, 2012). The characteristic interval leap between chest and falsetto seems to be dimorphically distributed across gender with female singers featuring smaller physiological values (e.g., fo fluctuations, CQ and peak-to-peak amplitude) during the leap interval, and less individual variation compared with male singers (Miller, Švec, & Schutte., 2002).
Lastly, a few studies have analysed voice classifications through Lx/EGG. An early study conducted by Pabst and Sundberg (1993) analysed the role of the vertical larynx position through multichannel EGG, reporting its variation across voice classifications and within singers as the result of the effect of pitch, vowel and lung pressure. Rosenau (1999) found relatively small differences in CQ between German singing and speaking voices of four voice classes, identified as bass, baritone, mezzo, and soprano. Miller, Schutte and Doing (2001) evaluated the gradual diminuendo from the loudest to the softest phonation of sustained high notes in one robust and one lyric tenor, performing a messa di voce. EGG analysis shows distinct capabilities of the two voices: the lyric voice being able to gradually diminish with minimal change to the glottis, whilst the robust voice features an abrupt transition passing from high closed quotient in loud production to incomplete glottal closure in soft production. Recently, the analysis of the DEGG signal provided insight into voice classification for male singers also showing that tenors seem to have significantly higher OQ/log(fo) gradient than baritones in chest and head registers, and baritones showed higher gradient in falsetto than in chest and head registers (Yan, Ng, Chan, Wang, & Liao, 2012).  
Tuning and resonance strategies (6 studies). Research has also employed Lx/EGG to analyse tuning, in particular with reference to pitch drift. By generating a vocal pitch trace from the Lx signal which was shown to 66 children whilst they were speaking and singing, Welch (1983, 1985) postulated and tested a schema theory to explain tuning in children. Results indicate that singing in tune can be learned when information of the pitch error is provided and practiced. Furthermore, Howard (2007a, b), based on Lx-derived fo analysis, reported that an a cappella SATB quartet tended to tune to a non-equal-tempered system and varied their intonation with modulation.
Using Lx/EGG, three studies have also investigated formant tuning strategies, also termed resonance strategies, which refers to the adjustment of the resonance frequencies of the vocal tract to approximate certain harmonics in the voice source. Miller and Schutte (1990) observed the systematic use of resonance strategies in relation to the complexity of the musical phrase by a professional singer. Sundberg, Lã and Gill (2011, 2013) used DEGG to inform inverse filtering techniques to analyse tuning strategies in professional male singers. 
Vibrato (5 studies). Since an early electroglottographic study conducted by Hicks and Teas (1987) revealed little about the physiological characteristics of vocal vibrato at the level of the voice source, later studies provide further understanding. Based on the application of Lx/EGG, research shows that vibrato is produced by trained amateur singers using laryngeal musculature (Laukkanen, Vilkman, & Unto, 1992); it features laryngeal amplitude modulation in trained singers irrespective of the degree of training, (Dromey, Reese, & Hopkin, 2009); and, mean vibrato extent reduced with practice in an SATB student quartet (Daffern, in press). Using the point of glottal closure in the EGG signal to align audio and supraglottal pressure signals, Schutte and Miller (1991) observed a complex varying pattern in sound pressure level (SPL) modulation within a vibrato cycle in tenor high notes.
Child and/or Adolescent Development (10 studies). The application of Lx/EGG has proved valuable for improving our knowledge of the development of the voice source from childhood, by recording vocal fold activity in relation to age, training and sex. An early study with 25 male singers aged 11-17 revealed a negative correlation between serum testosterone and fo and a decrease in fo from age 15 reaching a lowest value of 148 Hz (Pedersen, Kitzing, Krabbe, & Heramb, 1982). CQ values suggest that voice source activity tends to be more efficient in young choristers compared with untrained children (Welch & White, 1993). A later study observed three phases in the fo behavior of a group of five-year-old children, featuring an initial phase with a glide upwards, a middle phase with a greater frequency stability and a termination phase characterized by greater instability (White, Sergeant, & Welch, 1996). A large study conducted by Pedersen (1997), including EGG-derived fo analysis, reported a significant correlation between serum estrone and fo, and between the development of voice range profiles and serum testosterone in boys and serum estrone in girls. 
Barlow and Howard (2002) found a significant effect of vocal training on CQ in 126 trained and untrained children. This preliminary analysis was confirmed by a larger sample size, demonstrating that training, gender and age have predictable and measurable effects upon the voice source (Barlow, 2003; Barlow & Howard, 2005, 2007). 
Data on child and adolescent singing voices for different styles is still scarce. A few studies shed some light on the differences between classical and musical theatre (MT) style in female adolescent singers, reporting higher CQ when singing in MT compared with classical style (Barlow, LoVetri, & Howard, 2007; Barlow & LoVetri, 2008).
 Practice (7 studies). Lx/EGG has a key role in the investigation of the effects of training on the singing voice; seven studies suggest the pedagogical usefulness of including Lx/EGG derived objective parameters, such as mean fo, CQ and OQ, in biofeedback devises for singing coaching and practice. Rossiter, Howard and Comins (1995) observed a significant increase in mean fo after a short period of vocal tuition, whilst the pilot investigation conducted by Rossiter and Howard (1997) suggests that the relationship between mean voice fo and the full fo range tends to be constant even when fo range changes with training. 
An early pilot study indicated that OQ is a distinct parameter of vocal training, as it decreases with experience and training (Howard & Lindsey, 1987). This study was further expanded by Howard, Lindsey and Allen (1990) reporting that trained voices are characterized by significantly higher CQ values compared with those of untrained singers. This study was corroborated by Howard (1995) showing that the CQ/log(fo) gradient is positively correlated with the number of years of formal training that singers received. Results of a longitudinal study show the quantifiable effect of one year of singing training on the voice source of a boy chorister (Williams, Welch, & Howard, 2005).
Voice quality (11 studies). Research have analysed the relationships between Lx/EGG signals and vocal qualities, including pressed and supported/unsupported voice, breathiness, resonance, vocal loudness and perceptual evaluation of singing performance, demonstrating the importance of objective laryngeal parameters (e.g., OQ and CQ) to understanding voice quality. Scherer and Titze (1987) highlighted a decrease in OQ from breathy to normal and pressed voice in a professional singer; Verdolini, Druker, Palmer and Samawi (1998) reported that CQ values distinguish resonant from pressed voice, healthy voices and participants with nodules, but do not consistently differentiate resonant from breathy voice. Research found that supported voices were characterized by lower OQ (Griffin, Woo, Colton, Casper, & Brewer, 1995) and steeper EGG slope during the closing phase (Sonninen, Hurme, & Sundberg, 1993) than unsupported voices. Four qualities of a baritone voice, labelled “naive falsetto”, “countertenor falsetto”, “lyrical chest”, and “full chest”, are achieved through distinct glottal configurations (Herbst, Ternström, & Švec, 2009). The “voix mixte” quality of a countertenor voice features lower CQ than “head” quality (Howard, Welch, & Penrose, 2001).
Sundberg, Titze and Scherer (1993) found that, at low peak flow values generally representative of low subglottal pressure, an increase in SPL was achieved through a lengthened closed phase, which was also characteristic of a change from breathy to pressed phonation. Laukkanen, Mickelson, Laitala, Syrja, Salo and Sihvo (2004) investigated voice quality using HearFones, a commercial product designed to enhance auditory feedback during phonation, and results demonstrate that CQ is significantly higher with HearFones than without. Furthermore, Sonninen, Laukkanen, Karma and Hurme (2005) observed that ratings of optimum voice quality are related to an intermediate EGG slope. Buder and Wolf (2003) suggest that CQ is also a useful objective parameter to evaluate the vocal health of singing voices, as researchers found that a singer reporting a history of vocal problems presented glottal insufficiencies as assessed by CQ values in the head register, being higher than those of a second singer with similar physical and training characteristics, but reporting no voice disorders. Conducting acoustic analysis on electroglottographic waveforms, jitter, shimmer, harmonic-to-noise ratio, amplitude and pitch range were found to change consistently within individuals pre- and post- performance, however the impact of performance to increase or decrease these parameters varied between tenors (Kitch, Oates, & Greenwood, 1996). These EGG/Lx based findings suggest that singers adjust their laryngeal and/or glottal configuration to achieve specific voice qualities, and that CQ and OQ are useful to investigate breathiness, pressed voice and vocal health. 
Clinical Research (9 studies). EGG represents a valuable tool to measure the effect of vocal exercises traditionally understood only in intuitive terms and frequently used by therapists and logopedists to treat hyperfunctional voices and by singing teachers for vocal warmup. A study conducted by Elliot, Sundberg and Gramming (1997) observed a lower vertical larynx position, previously associated with healthy voices (Shipp & Izdebski, 1975), during a standard vocal exercise compared with the rest position. Cordeiro, Montagnoli, Nemr, Menezes and Tsuji (2012) focus on lip and tongue trills and report higher CQ during the performance of the lip exercises, compared with the tongue trill condition. Guzman, Rubin, Muñoz and Jackson-Menaldi (2013) investigated the influence of resonance tubes and phonation with vibrato on the voice source, as possible therapeutic tools for phonatory hyperfunction: although a causal effect was not demonstrated, findings showed a decrease in the CQ during the tube and vibrato phonation, suggesting potential value of the treatment. 
Lx/EGG have also been used to investigate the direct influence of hormonal fluctuations on the singing voice. Chernobelsky (1998) analysed the effect of the menstrual cycle and reported hypotension, as indexed in the EGG waveform, in different phases of the cycle in singers and only around menses in non-singers, suggesting that singers should be informed of these findings, as compensation for hypotension requires an effort that could lead to the development of voice disorders.
Investigations led by Filipa Martins Baptista Lã over the last two decades analysed the correlation between hormonal variations and the singing voice through the application of Lx, and provide contrasting results with those observed in the 1980s, which reported such a negative effect of the oral contraceptive pill (OCP) on the voice that professional singers were advised to avoid them (Brodnitz, 1971; Dordain, 1972; Gelder, 1974). The double blind randomized placebo controlled study conducted by Lã, Davidson, Ledger, Howard and Jones (2007a) revealed that the menstrual cycle and oral contraception influence both the psychological and physiological components of the singing voice by improving the perceived and measurable vocal control, regulating the vocal fold vibration pattern. The findings were confirmed by the randomized controlled experiment conducted by Lã, Ledger, Davidson, Howard and Jones (2007b), reporting that a third generation OCP such as Yasmin improves the regularity of the vibration patterns of the vocal folds, and suggesting that singers should continue to take OCP during their menstrual cycle. Further analysis of the data applied to the audio or the Lx signal, depending on the reliability of the output, also showed a slower vibrato rate during OCP than during a natural cycle, and a lack of effects when singers performed a higher note in relation to the vibrato extent (Lã, Howard, Sa-Couto, & Freitas, 2012). Results were corroborated by a larger study with 20 singers, demonstrating that current OCPs do not have a negative effect on the voice quality of professional singers, based on regularity of vocal fold vibrations (Lã, Howard, Ledger, Davidson, & Jones, 2009).
Finally, a case study by Lã and Sundberg (2012) has improved understanding of the effect that pregnancy has on vocal quality, previously based on singers’ reports (Abramson, Steinberg, Gould, Bianco, Kennedy, & Stock, 1984), observing a decrease in vocal fold motility and increased vocal adduction during pregnancy. 
In summary, Lx/EGG are valuable tools for improving knowledge in this field of research, but future investigations featuring larger longitudinal studies and different OCPs are needed.  
Real-time Biofeedback (4 studies). Research have analysed the usefulness of Lx/EGG as a supplementary aid in vocal teaching and assessment. Rossiter, Howard and DeCosta (1996) compared the vocal development of two untrained participants undertaking six singing lessons, one taught traditionally and one with the aid of ALBERT (Acoustic and Laryngeal Biofeedback Enhancement in Real Time), software providing live feedback of Lx parameters among others. Results indicate that using the biofeedback system was associated with greater increases of CQ compared with those observed without biofeedback, suggesting this tool could be useful in vocal teaching.
Garner and Howard (1999) described the design of a real-time feedback system employed during various singing lessons, based on the display of the fo and CQ derived from Lx. Herbst, Howard and Schlömicher-Their (2010a), also suggested EGG real-time feedback can be a crucial element for skill acquisition during vocal training. Barlow and Brereton (2008) also identified the requirements for a biofeedback system for young singers, suggesting that efficient real-time feedback should assess a wide range of performance parameters, including Lx measurements. 
Study design
Empirical investigations have been mostly conducted with adult participants (age >18): 86 studies involved adults; 14 studies focussed on children (featuring prepubertal voice), and/or adolescents (with pubertal voice); and 4 studies do not specify the age of participants. Literature in the adult population features an average of 9.9 participants (SD=41.1) and is mostly characterized by case-studies analysing vocally trained singers, whilst only a few studies represent full experiments, as shown in Figure 5. A limited number of studies (n. 5) focussed on untrained participants. 

Figure 5. Number of participants and training level across the selected studies analysing the singing voice of the adult population.

The body of work analysing the singing voices of children and/or adolescents through Lx/EGG involves a larger sample size (Mean=126.2 participants; SD=41.0) than that investigating adult populations. Six studies focused on trained singers, 3 on untrained, and 4 with both trained and untrained, suggesting an interest in analysing the singing voice of children and adolescents across training levels.

Figure 6. Number of participants and training level across the selected studies focussed on the singing voice of children and/or adolescents. 

Lastly, investigation of the singing performance standards of the participants in the selected articles demonstrates the use of the following categories of singers, as shown in supplementary Table 1: professional singers, semi-professional singers, singing students, experienced performers, unexperienced singers, choristers, singing teachers, famous chanters, primary school students, non-singers, non-experts, amateurs. These results, in light of systematic categorization of the professional level of participants described by Bunch and Chapman (2000), suggest an ambiguity in the literature and the need for more consistency in the taxonomy of singers used in scientific research. 
Conclusions
The current review shows that Lx/EGG is a commonly-used tool for the analysis of the laryngeal vibratory system that governs the singing voice, improving our understanding of a number topics, including different singing styles, registers, voice classifications, tuning, resonance strategies, vibrato, vocal development, practice effects, voice quality, analysis techniques, and its use in clinical research and vocal pedagogy. Specifically, Lx/EGG were largely used for the purpose of facilitating the identification of the moment of glottal closing and the recording of the laryngeal position, although often used in connection with audio recordings to contextualise findings.
Lx/EGG has been shown to be valuable for investigating breathiness, pressed voice and vocal health, and in analysing the effect of specific vocal exercises and training, with its usefulness identified as an aid in vocal teaching through real-time feedback systems. Research also demonstrates the successful application of Lx/EGG to analyse the effects of hormonal fluctuations on singing voices and effectively contributing to the identification of the idiomatic characteristics of multiple singing styles. Specifically, the extraction of CQ values has been used to differentiate registers and singing styles such as belt, and MT from operatic style. Lx/EGG derived fo analysis has proven valuable for the investigation of vibrato, tuning and ensemble singing performances.
Lx/EGG combined with other methods, such as electrophotoglottography, EMG, inverse filtering, measures of sub- and supra-glottal pressure and airflow, have advanced knowledge of the physiological mechanisms underpinning the singing voice, revealing the contribution of the voice source. These research techniques and knowledge can usefully inform traditional psychomusicological approaches to singing performance, to better grasp the intentions, priorities and perceptions of the performers as well as the audience. The small sample size characterizing many empirical investigations and the ambiguity in the taxonomy of singers limit the possibility to generalise some findings across populations and illustrate the need for further work. Nevertheless, the wealth of literature emerging from Lx/EGG research is highly valuable and leading towards a fuller understanding of the singing voice.
[bookmark: _gjdgxs]References
Abberton, E. R. M., Howard, D. M., & Fourcin, A. J. (1989). Laryngographic assessment of normal voice: A tutorial. Clinical Linguistics & Phonetics, 3(908038075), 281–296. http://doi.org/10.3109/02699208908985291
Abramson, A. L., Steinberg, B. M., Gould, W. J., Bianco, E., Kennedy, R., & Stock, R. (1984). Estrogen receptors in the human larynx: clinical study of the singing voice. In V. Laurence (Ed.), Transcripts of the Thirteenth Symposium: Care of the Professional Voice. Part II. (pp. 409–413). New York, NY: The Voice Foundation.
Amarante Andrade, P. (2012). Analysis of male singers laryngeal vertical displacement during the first passaggio and its implications on the vocal folds vibratory pattern. Journal of Voice, 26(5), 665.e19-665.e24.
Askenfelt, A., Gauffin, J., & Sundberg, J. (1980). A comparison of contact microphone and electroglottograph for the measurement of vocal fundamental frequency. Journal of Speech and Hearing Research, 23(2), 258–273.
Bailly, L., Henrich, N., Webb, M., Muller, F., Licht, A.K., & Hess, M. (2007). Exploration of vocal-fold and ventricular-bands interaction in singing using high-speed cinematography and electroglottography. In 19th International Congress on Acoustics, Madrid, 2-7 September.
Bailly, L., Henrich, N., & Pelorson, X. (2010). Vocal fold and ventricular fold vibration in period-doubling phonation: Physiological description and aerodynamic modeling. Journal of the Acoustical Society of America, Acoustical Society of America, 127 (5), 3212-3222.
Baken, R. J., & Orlikoff, R. F. (2000). Clinical Measurement of Speech and Voice, San Diego, CA: Plural Press.
Barlow, C. (2003). Electrolaryngographically derived voice source changes of child and adolescent subjects undergoing singing training. Unpublished PhD Thesis. The University of York, York, UK.
Barlow, C., & Brereton, J. (2008). A biofeedback system for singing tuition of children and adolescents. Proceedings of the International Conference on Information Communication Technologies in Education, Corfu, Greece, (2004), 239–251. 
Barlow, C., & Howard, D. M. (2002). Voice source changes of child and adolescent subjects undergoing singing training--a preliminary study. Logopedics Phoniatrics Vocology, 27(2), 66–73. http://doi.org/10.1080/140154302760409284
Barlow, C., & Howard, D. M. (2005). Electrolaryngographically derived voice source changes of child and adolescent singers. Logopedics, Phoniatrics, Vocology, 30(3–4), 147–57. http://doi.org/10.1080/14015430500294031
Barlow, C., & Howard, D. M. (2007). Measured characteristics of development in adolescent singers. In Proceedings SMC’07, 4th Sound and Music Computing Conference, 11-13 July 2007, Lefkada, Greece. (pp. 11–13).
Barlow, C., & Lovetri, J. (2008). Closed quotient and spectral measures of female adolescent singers in different singing styles. Journal of Voice, 1–5. http://doi.org/10.1016/j.jvoice.2008.10.003
Barlow, C., LoVetri, J., & Howard, D. (2007). “Voice source and acoustic measures of girls singing ‘classical’ and ‘contemporary commercial’ styles.” Proceedings of the International Symposium on Performance Science, Casa Da Musica, Porto, Portugal, 195–200. Retrieved from http://www.legacyweb.rcm.ac.uk/cache/fl0020220.pdf
Bernadin, S., Morris, R. J., Okerlund, D., Ellerbe, L., & Kessela, D. W. (2015). Investigating acoustic and electroglottograph features to characterize passaggio in female singers. In Proceedings of the 167th Meeting of the Acoustical Society of America (Vol. 21, p. 35005). http://doi.org/10.1121/2.0000037
Bestebreurtje, M. E., & Schutte, H. K. (2000). Resonance strategies for the belting style: results of a single female subject study. Journal of Voice, 14(2), 194–204.
Bethel, R. (2009). Preferred Vocal Emission for Handels’ Arias: a case study. In Abstracts of NEMA International Conference, 7 – 10 July. York, UK.
Björkner, E. (2008). Musical theater and opera singing — Why So Different ? A study of subglottal pressure, voice source, and formant frequency characteristics. Journal of Voice, 22(5), 533–540. http://doi.org/10.1016/j.jvoice.2006.12.007
Brodnitz, F. S. (1971). Hormones and the human voice. Bulletin of the New York Academy of Medicine, 47, 183–191.
Buder, E. H., & Wolf, T. (2003). Instrumental and perceptual evaluations of two related singers. Journal of Voice, 17(2), 228–244. http://doi.org/10.1016/s0892-1997(03)00040-7
Bunch, M., & Chapman, J. (2000). Taxonomy of singers used as subjects in scientific research, 14(3), 363–369.
Chernobelsky, S. (1998). Effect of the menstrual cycle on laryngeal muscle tension of singers and nonsingers.  Logopedics Phoniatrics Vocology, 23(3), 128–132. http://doi.org/10.1080/140154398434149
Childers, D., & Krishnamurthy, A. (1985). A critical review of electroglottography. Critical Reviews in Biomedical Engineer, 12, 131–161.
Colton, R. H., & Conture, E. G. (1990). Problems and pitfalls of electroglottography. Journal of Voice, 4(1), 10–24. http://doi.org/10.1016/S0892-1997(05)80077-3
Cordeiro, G. F., Montagnoli, A. N., Nemr, N. K., Menezes, M. H. M., & Tsuji, D. H. (2012). Comparative analysis of the closed quotient for lip and tongue trills in relation to the sustained vowel /ε/. Journal of Voice, 26(1), e17–e22. http://doi.org/10.1016/j.jvoice.2010.07.004
Daffern, H. (2008). Distinguishing Characteristics of Vocal Techniques in the Specialist Performance of Early Music. Unpublished PhD Thesis. University of York, York, UK.
Daffern, H. (in press). Blend in singing ensemble performance: vibrato production in a vocal quartet. Journal of Voice.
Daffern, H., & Howard, D. M. (2010). Voice source comparison between modern singers of early music and opera. Logopedics, Phoniatrics, Vocology, 35(2), 68–73. http://doi.org/10.3109/14015439.2010.482861
Davies, P., Lindsey, G. A., Fuller, H., & Fourcin, A. J. (1986). Variation in glottal open and closed phases for speakers of English. Proceedings of the Institute of Acoustica, 8, 539–546.
Delviniotis, D., Kouroupetroglou, G., & Theodoridis, S. (2008). Acoustic analysis of musical intervals in modern Byzantine Chant scales. The Journal of the Acoustical Society of America, 124(4), EL262-9. http://doi.org/10.1121/1.2968299
Dordain, M. (1972). Etude statistique de l’influence des contraceptives hormonaux sur la voix. Folia Phoniatrica, 24, 86–96.
Dromey, C., Reese, L., & Hopkin, J. A. (2009). Laryngeal-level amplitude modulation in vibrato. Journal of Voice, 23(2), 156–163. http://doi.org/10.1016/j.jvoice.2007.05.002
Echternach, M., & Richter, B. (2010). Vocal perfection in yodelling--pitch stabilities and transition times. Logopedics Phoniatrics Vocology, 35(1), 6-12.
Echternach, M., Dippold, S., Sundberg, J., Arndt, S., Zander, M. F., & Richter, B. (2010). High-speed imaging and electroglottography measurements of the open quotient in untrained male voices’ register transitions. Journal of Voice, 24(6), 644–650. http://doi.org/10.1016/j.jvoice.2009.05.003
Echternach, M., Sundberg, J., Zander, M. F., & Richter, B. (2011). Perturbation measurements in untrained male voices’ transitions from modal to falsetto register. Journal of Voice, 25(6), 663–669. http://doi.org/10.1016/j.jvoice.2010.01.013
Elliot, N., Sundberg, J., & Gramming, P. (1997). Physiological aspects of a vocal exercise. Journal of Voice, I1(2), 171–177.
Estill, J. (1988). Belting and classical voice quality: some physiological differences. Medical Problems of Performing Artists, 37–43.
Evans, M. (1995). Vocal qualities in female singing. Unpublished PhD Thesis. University of York, York, UK.
Evans, M., & Howard, D. M. (1993). Larynx closed quotient in female belt and opera qualities: a case study. Voice, 2, 7–14.
Fabre, P. (1940). Sphygmographie par simple contact d’électrodes cutanées, introduisant dans l’arterè de faibles courants de haute fréquence détecteurs de ses variations volumétriques. Comptes Rendus Des Séances et Mémoires de La Société de Biologie, 133, 639–641.
Fabre, P. (1957). Un prodédé électrique percutané d’inscription de l’accolement glottique au cours de la phonation: glottographie de haute fréquence. Premiers résultants. Bulletin de l’Academie Nationale de Medecine, 141, 66–69.
Fourcin, A., & Abberton, E. R. M. (1971). First applications of a new laryngograph. Medical and Biological Illustration, 21, 172–182.
Garner, P. E., & Howard, D. M. (1999). Real-time display of voice source characteristics. Logopedics Phoniatrics Vocology, 24(1), 19–25. http://doi.org/10.1080/140154399434526
Garnier, M., Henrich, N., Crevier-Buchman, L., Vincent, C., Smith, J., & Wolfe, J. (2012). Glottal behavior in the high soprano range and the transition to the whistle register. The Journal of the Acoustical Society of America, 131(1), 951. http://doi.org/10.1121/1.3664008
Gelder, L. V. (1974). Psychosomatic aspects of endocrine disorders of the voice. Journal of Communication Disorders, 7, 257–262.
Griffin, B., Woo, P., Colton, R. H., Casper, J. K., & Brewer, D. (1995). Physiological characteristics of the supported singing voice. A preliminary study. Journal of Voice, 9(1), 45–56. http://doi.org/10.1016/S0892-1997(05)80222-X
Guzman, M., Rubin, A., Muñoz, D., & Jackson-Menaldi, C. (2013). Changes in glottal contact quotient during resonance tube phonation and phonation with vibrato. Journal of Voice, 27(3), 305–311. http://doi.org/10.1016/j.jvoice.2013.01.017
Haji, T., Horiguchi, S., Baer, T., & Gould, W. (1986). Frequency and amplitude perturbation analysis of electroglottograph during sustained phonation. The Journal of the Acoustical Society of America, 80(1), 58–62.
Hacki, T. (1996). Electroglottographic quasi-open quotient and amplitude in crescendo phonation. Journal of Voice, 10, 342–347
Henrich, N., Castellengo, M., d’Alessandro, C., & Doval, B. (2005). Glottal open quotient in singing: measurements and correlation with laryngeal mechanisms, vocal intensity, and fundamental frequency. Acoustical Society of America, 117(3), 1417–1430. http://doi.org/10.1121/1.1850031
Henrich, N., d’Alessandro, C., Doval, B., & Castellengo, M. (2004). On the use of the derivative of electroglottographic signals for characterization of nonpathological phonation. The Journal of the Acoustical Society of America, 115(3), 1321–1332. http://doi.org/10.1121/1.1646401
Henrich, N., Smith, J., & Wolfe, J. (2014). Vocal tract resonances in singing: variation with laryngeal mechanism for male operatic singers in chest and falsetto registers. The Journal of the Acoustical Society of America, 136(1), 491–501.
Herbst, C. T., Fitch, W. T., & Švec, J. (2010b). Electroglottographic wavegrams: a technique for visualizing vocal fold dynamics noninvasively. The Journal of the Acoustical Society of America, 128(5), 3070–3078.
Herbst, C. T., Hess, F., Müller, F., & Sundberg, J. (2015). Glottal adduction and subglottal pressure in singing. Journal of Voice, 29(4),   
Herbst, C. T., Howard, D., & Schloemicher-Thier, J. (2010a). Using electroglottographic real-time feedback to control posterior glottal adduction during phonation. Journal of Voice, 24(1), 72-85. DOI: 10.1016/j.jvoice.2008.06.003
Herbst, C. T., Schutte, H., Bowling, D. L., & Svec, J. (in press). Comparing chalk with cheese - The EGG contact quotient is only a limited surrogate of the closed quotient. Journal of Voice.
Herbst, C. T., & Ternström, S. (2006). A comparison of different methods to measure the EGG contact quotient. Logopedics, Phoniatrics, Vocology, 31(3), 126–138.
Herbst, C. T., Ternström, S., & Švec, J. (2009). Investigation of four distinct glottal configurations in classical singing - A pilot study. The Journal of the Acoustical Society of America, 125(3), EL104-EL109.
Hicks, D. M., & Teas, E. (1987). An electroglottographic study of vocal vibrato. Journal of Voice, 1(2), 142–147.
Hirano, M. (1981). Clinical Examination of Voice. New York: Springer-Verlag.
Hirano, M., Vennard, W., & Ohala, J. (1970). Regulation of register, pitch and intensity of voice. Folia Phoniatrica, 22, 1–20.
Howard, D. M. (1992). Quantifiable aspects of different singing styles - A case study. Voice, (1), 47–62.
Howard, D. M. (1995). Variation of electrolaryngographically derived closed quotient for trained and untrained adult female singers. Journal of Voice, 9(2), 163–172. http://doi.org/http://dx.doi.org/10.1016/S0892-1997(05)80250-4
Howard, D. M. (1999). The human singing voice. In P. Day (Ed.), Killers in the Brain (pp. 113–134). Oxford, UK: Oxford University Press.
Howard, D. M. (2003). Larynx closed quotient in a capella SATB quartet singing. In Proceedings of the Stockholm Music Acoustics Conference, SMAC-03, Vol. 2, August 6-9, Stockholm (pp. 467–470).
Howard, D. M. (2007a). Equal or non-equal temperament in a capella SATB singing. Logopedics, Phoniatrics, Vocology, 32(2), 87–94. http://doi.org/10.1080/14015430600865607
Howard, D. M. (2007b). Intonation drift in a capella soprano, alto, tenor, cass quartet singing with key modulation. Journal of Voice, 21(3), 300–315. http://doi.org/10.1016/j.jvoice.2005.12.005
Howard, D. M. (2007c). Larynx closed quotient variation in quartet singing. In 19 th International Congress on Acoustics, Madrid, 2-7 September.
Howard, D. M. (2009). Electroglottogrphy/electrolaryngography. In M. Fried & A. Ferlito (Eds.), The Larynx (3rd ed., pp. 227–243). San Diego, CA: Plural Press.
Howard, D. M., Brereton, J., & Daffern, H. (2009). Case study of voice quality differences in a soprano singing in different early Music performance styles. In Proceeding of MAVERBA. Florence, Italy.
Howard, D. M., & Lindsey, G. A. (1987). New laryngograms of the singing voice. In Proceedings of the llth International Congress of Phonetic Sciences, USSR: Tallinn (pp. 166–169).
Howard, D. M., Lindsey, G. A., & Allen, B. (1990). Toward the Quantification of Vocal Efficiency. Journal of Voice, 4(3), 205–212.
Howard, D. M., Welch, G. F. & Penrose, T. (2001). Case study acoustic and voice source evidence for the existence of sub-registers in the countertenor voice. In T. Murao, Y. Minami, & M. Shinzanoh (Eds.), Proceedings of the 3rd Asia-Pacific Symposium on Music Education Research and International Symposium on ‘Uragoe’ and Gender (APSMER3), Nagoya: Aichi University of Education (pp127-131).
Kitch, J. A., Oates, J., & Greenwood, K. (1996). Performance effects on the voices of 10 choral tenors : acoustic and perceptual findings. Journal of Voice, 10(3), 217–227.
Kitzing, P. (1982). Photo-and electroglottographical recording of the laryngeal vibratory pattern during different registers. Folia Phoniatrica, 34, 234–241.
Lã, F.M.B. (2012). Teaching singing and technology. In K. S. Basa (Ed.) Aspects of Singing II—Unit in Understanding—Diversity in Aesthetics. Vox Humana, Nürnberg (pp. 88–109).
Lã, F. M. B., Davidson, J. W., Ledger, W., Howard, D., & Jones, G. (2007a). A case-study on the effects of the menstrual cycle and the use of a combined oral contraceptive pill on the performance of a western classical singer: An objective and subjective overview. Musicae Scientiae, 11(SPEC. ISS.), 85–107. Retrieved from http://www.scopus.com/inward/record.url?eid=2-s2.0-39749093175&partnerID=40&md5=23810def4851c41b35b9df1bf76718a8
Lã, F. M. B., Howard, D. M., Ledger, W., Davidson, J. W., & Jones, G. (2009). Oral contraceptive pill containing drospirenone and the professional voice: an electrolaryngographic analysis. Logopedics, Phoniatrics, Vocology, 34(1), 11–9. http://doi.org/10.1080/14015430802538879
Lã, F. M. B., Ledger, W. L., Davidson, J. W., Howard, D. M., & Jones, G. L. (2007b). The effects of a third generation combined oral contraceptive pill on the classical singing voice. Journal of Voice, 21(6), 754–61. http://doi.org/10.1016/j.jvoice.2006.05.009
Lã, F. M. B., & Sundberg, J. (2012). Pregnancy and the singing voice: reports from a case study. Journal of Voice, 26(4), 431–439. http://doi.org/10.1016/j.jvoice.2010.10.010
Lã, F. M. B., & Sundberg, J. (2015). Contact quotient versus closed quotient: a comparative study on professional male singers. Journal of Voice, 29(2), 148–154. http://doi.org/http://dx.doi.org/10.1016/j.jvoice.2014.07.005
Lã, F. M. B., Sundberg, J., Howard, D. M., Sa-Couto, P., & Freitas, A. (2012). Effects of the menstrual cycle and oral contraception on singers’ pitch control. Journal of Speech, Language, and Hearing Research, 55(February), 247–262. http://doi.org/10.1044/1092-4388(2011/10-0348)b
Laukkanen, A.-M., Mickelson, N. P., Laitala, M., Syrja, T., Salo, A., & Sihvo, M. (2004). Effects of HearFones on speaking and singing voice quality. Journal of Voice, 18(4), 475–487. http://doi.org/10.1016/j.jvoice.2003.05.007
Laukkanen, A.-M., Vilkmanb, E., & Unto, L. K. (1992). Aspect of the physiological sources of vocal vibrato: A study of fundamental-period-synchronous changes in electroglottographic signals obtained from one singer and two excised human larynges. Scandinavian Journal of Logopedics and Phoniatrics, 17(2), 87–93.
Lebowitz, A., & Baken, R. J. (2011). Correlates of the belt voice: a broader examination. Journal of Voice, 25(2), 159–165. http://doi.org/10.1016/j.jvoice.2009.10.014
Mecke, A.-C., Sundberg, J., Granqvist, S., & Echternach, M. (2012). Comparing closed quotient in children singers’ voices as measured by high-speed-imaging, electroglottography, and inverse filtering. The Journal of the Acoustical Society of America, 131(1), 435–41. http://doi.org/10.1121/1.3662061
Miller, D. G., & Schutte, H. K. (1984). Characteristics patterns of sub- and supraglottal pressure variations within the glottal cycle. in: V. L Lawrence (Ed.), Transcriptions of the Thirteenth Symposium, Care of the Professional Voice of the Voice Foundation, New York (pp. 70–75).
Miller, D. G., & Schutte, H. K. (1990). Formant tuning in a professional baritone. Journal of Voice, 4(3), 231–237. http://doi.org/10.1016/S0892-1997(05)80018-9
Miller, D. G., & Schutte, H. K. (1993). Physical definition of the “flageolet register”. Journal of Voice, 7(3), 206–212. http://doi.org/10.1016/S0892-1997(05)80328-5
Miller, D. G., & Schutte, H. K. (1994). Toward a definition of male “head” register, passaggio, and “cover” in western operatic singing. Folia Phoniatrica et Logopaedica, 46(4), 157–170.
Miller, D. G., & Schutte, H. K. (1999). The use of the electroglottograph in the voice studio. In G. Nair (Ed.), Voice tradition and technology: A state-of-the-art studio (pp. 211-225), San Diego, CA: Plural Press.
Miller, D. G., & Schutte, H. K. (2005). “Mixing” the registers: glottal source or vocal tract? Folia Phoniatrica et Logopaedica, 57(5–6), 278–291. http://doi.org/10.1159/000087081
Miller, D. G., Schutte, H. K., & Doing, J. (2001). Soft phonation in the male singing voice: a preliminary study. Journal of Voice, 15(4), 483–491.
Miller, D. G., Švec, J. G., & Schutte, H. K. (2002). Measurement of characteristic leap interval between chest and falsetto registers. Journal of Voice, 16(1), 8–19.
Moher, D., Luberati, A., Tetzlaff, J., & Altman, D. G. (2009). Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. Journal of Clinical Epidemiology, 62(10), 1006–1012.
Morris, R. J., Okerlund, D. A., & Craven, E. A. (2016). First passaggio transition gestures in classically trained female singers. Journal of Voice, 30(3), 377.e21-377.e29. http://doi.org/10.1016/j.jvoice.2015.05.002
Neumann, K., Schunda, P., Hoth, S., & Euler, H. A. (2005). The interplay between glottis and vocal tract during the male passaggio. Folia Phoniatrica et Logopaedica, 57(5–6), 308–327. http://doi.org/10.1159/000087084
Özen, A., Traser, L., Echternach, M., Dadakova, T., Burdumy, M., Richter, B., & Bock, M. (2016). Ensuring safety and functionality of electroglottography measurements during dynamic pulmonary MRI. Magnetic Resonance in Medicine, 76(5), 1629-1635.
Pabst, F., & Sundberg, J. (1993). Tracking multi-channel electroglottograph measurement of larynx height in singers. Scandinavian Journal of Logopedics and Phoniatrics, 18(4), 143–152. http://doi.org/10.3109/14015439309101360
Pedersen, M. (1997). Biological Development and the Normal Voice in Puberty. Unpublished PhD Thesis, University of Oulu, Oulu, Finland.
Pedersen, M. F., Kitzing, P., Krabbe, S., & Heramb, S. (1982). The change of voice during puberty in 11 to 16 years old choir singers measured with electroglottographic fundamental frequency analysis and compared to other phenomenona of puberty. Acta Otolaryngol, 386, 189–192.
Rosenau, S. (1999). An analysis of phonetics differences between German singing and speaking voices. In Proceedings to the 14th International Congress of Phonetic Sciences (ICPhS-14), San Francisco, August 1-7, 1999.
Rossiter, D., & Howard, D. M., & Comins, R.  (1995). Objective measurement of voice source and acoustic output change with a short period of vocal tuition. Voice, 4(1), 16–31.
Rossiter, D., & Howard, D. M. (1997). Observed change in mean speaking voice fundamental frequency of two larinxs undergoing voice training. Logopedics Phoniatrics Vocology, 22(4), 187–189. http://doi.org/10.3109/14015439709075333
Rossiter, D., Howard, D. M., & DeCosta, M. (1996). Voice development under training with and without the influence of real-time visually presented biofeedback. The Journal of the Acoustical Society of America, 99(5), 3253. http://doi.org/10.1121/1.414872
Rothenberg, M. (1992). A multichannel electroglottograph. Journal of Voice, 6(1), 36–43. http://doi.org/10.1016/s0892-1997(05)80007-4
Roubeau, B., Chevrie-Muller, C., & Arabia-Guidet, C. (1987). Electroglottographic study of the changes of voice registers. Folia Phoniatrica et Logopaedica, 39(6), 280–289. http://doi.org/10.1159/000265871
Roubeau, B., Henrich, N., & Castellengo, M. (2009). Laryngeal vibratory mechanisms: the notion of vocal register revisited. Journal of Voice, 23(4), 425–438. http://doi.org/10.1016/j.jvoice.2007.10.014
Salomão, G. L., & Sundberg, J. (2009). What do male singers mean by modal and falsetto register? An investigation of the glottal voice source. Logopedics, Phoniatrics, Vocology, 34(2), 73–83. http://doi.org/10.1080/14015430902879918
Sataloff, R. (2005). Voice Science. San Diego: Plural Publishing.
Scherer, R. C., Druker, D. G., & Titze, I. R. (1988). Electroglottography and direct measurement of vocal fold contact area. In O. Fujimura (Ed), Vocal Fold Physiology: Voice Production, Mechanisms and Functions,  (pp. 279–290), New York: Raven Press Ltd.
Scherer, R. C., & Titze, I. R. (1987). The abduction quotient related to vocal quality. Journal of Voice, 1(3), 246–251. http://doi.org/10.1016/S0892-1997(87)80007-3
Schutte, H. K., & Miller, D. G. (1986). The effect of F0/F1 coincidence in soprano high notes on pressure at the glottis. Journal of Phonetics, 14, 385-392.
Schutte, H. K., & Miller, D. G. (1991). Acoustic details of vibrato cycle in tenor high notes. Journal of Voice, 5(3), 217–223. http://doi.org/10.1016/S0892-1997(05)80189-4
Schutte, H. K., & Miller, D. G. (1993). Belting and pop, nonclassical approaches to the female middle voice: some preliminary considerations. Journal of Voice, 7(2), 142–150. http://doi.org/10.1016/S0892-1997(05)80344-3
Selamtzis, A. & Ternström, S. (2014). Analysis of vibratory states in phonation using spectral features of the electroglottographic signal. Journal of Acoustical Society of America, 136(5), 2773-2783.
Selamtzis, A., & Ternström, S. (2016). Investigation of the relationship between the electroglottogram waveform, fundamental frequency and sound pressure level using clustering. Journal of Voice. [available online, DOI: 10.1016/j.jvoice.2016.11.003
Shipp, T., & Izdebski, K. (1975). Vocal frequency and vertical larynx positioning by singers and nonsingers. Journal of Acoustical Society of America, 58, 1104–1006.
Sonninen, A., Hurme, P., & Sundberg, J. (1993). Physiological and acoustic observations of support in singing. Proceedings of the Stockholm Music Acoustics Conference July 28 - August 1, 1993 (pp. 254-258).
Sonninen, A., Laukkanen, A.-M., Karma, K., & Hurme, P. (2005). Evaluation of support in singing. Journal of Voice, 19(2), 223–237. http://doi.org/10.1016/j.jvoice.2004.08.003
Sundberg, J. (1987). The Science of the Singing Voice. Dekalb, Illinois: Northern Illinois University Press.
Sundberg, J., Gu, L., Huang, Q., & Huang, P. (2012b). Acoustical study of classical Peking opera singing. Journal of Voice, 26(2), 137–143. http://doi.org/10.1016/j.jvoice.2011.01.001
Sundberg, J., Lã, F. M. B., & Gill, B. P. (2011). Professional male singers’ formant tuning strategies for the vowel /a/. Logopedics, Phoniatrics, Vocology, 36(4), 156–67. http://doi.org/10.3109/14015439.2011.587448
Sundberg, J., Lã, F. M. B., & Gill, B. P. (2013). Formant tuning strategies in professional male opera singers. Journal of Voice, 27(3), 278–288. http://doi.org/10.1016/j.jvoice.2012.12.002
Sundberg, J., Lã, F. M. B., & Gill, B. P. (2016). Voice source variation between vowels in male opera singers. Journal of Voice, 30(5), 509–517. http://doi.org/10.1016/j.jvoice.2015.07.010
Sundberg, J., & Thalén, M. (2015). Respiratory and acoustical differences between belt and neutral style of singing. Journal of Voice, 29(4), 418–425. http://doi.org/10.1016/j.jvoice.2014.09.018
Sundberg, J., & Thalén, M., & Popeil, L. (2012b). 
Sundberg, J., Titze, I., & Scherer, R. (1993). Phonatory control in male singing: a study of the effects of subglottal pressure, fundamental frequency, and mode of phonation on the voice source. Journal of Voice, 7(1), 15–29. http://doi.org/10.1016/S0892-1997(05)80108-0
Teaney, D. & Fourcin, A. (1980). The electrolaryngograph as a clinical tool for the observation and analysis of vocal fold vibration. In Ninth Symposium Care of the Professional Voice (pp. 128-134). New York, NY: The Juilliard School, The Voice Foundation.
Thalén, M., & Sundberg, J. (2001). Describing different styles of singing: a comparison of a female singer’s voice source in “Classical”, “Pop”, “Jazz” and “Blues”. Logopedics, Phoniatrics, Vocology, 26(2), 82–93. http://doi.org/10.1080/140154301753207458
Traser, L., Özen, A., Burk, F., Burdumy, M., Bock, M, Richter, B., & Echternach, M. (2017a). Respiratory dynamics in phonation and breathing—A real-time MRI study. Respiratory Physiology & Neurobiology, 236, 69-77. 
Traser, L., Knab, J., Echternach, M., Fuhrer, H., Richter, B., Buerkle, H., & Schumann, S. (2017b). Regional ventilation during phonation in professional male and female singers. Respiratory Physiology & Neurobiology, 239, 26-33.
Verdolini, K., Druker, G., Palmer, P. M., & Samawi, H. (1998). Laryngeal adduction in resonant voice. Journal of Voice, 12(3), 315–327.
Welch, G. F. (1983). Improvability of poor pitch singing: experiments in feedback. Unpublished PhD Thesis, |London, UK.
Welch, G. F. (1985). Variability of practice and knowledge of results as factors in learning to sing in tune. Bulletin of the Council for Research in Music Education, 85, 238–247.
Welch, G. F., Sergeant, D. C., & MacCurtain, F. (1988). Some physical characteristics of the male falsetto voice. Journal of Voice, 2(2), 151–163.
Welch, G. F., Sergeant, D. C., & MacCurtain, F. (1989). Xeroradiographic-electrolaryngographic analysis of male vocal registers. Journal of Voice, 3(3), 244–256.
Welch, G. F., & White, P. (1993). The developing voice: education and vocal efficiency. A physical perspective. Bulletin of the Council for Research in Music Education, 119, 146–156.
White, P. J., Sergeant, D. C., & Welch, G. F. (1996). Some observations on the singing development of five-year-olds. Early Child Development and Care, 118(1), 27–34. http://doi.org/10.1080/0300443961180103
Williams, J., Welch, G., & Howard, D. M. (2005). An exploratory baseline study of boy chorister vocal behaviour and development in an intensive professional context. Logopedics, Phoniatrics, Vocology, 30(3–4), 158–62. http://doi.org/10.1080/14015430500262095
Yan, N., Ng, M., Chan, E., Wang, D., & Liao, C. (2012). Vocal fold vibratory differences in different registers of professional male singers with different singing voice types. Proceedings of the 12th International Conference on Music Perception and Cognition and the 8th Triennial Conference of the European Society for the Cognitive Sciences of Music, 1150-1153.
Yoshinaga, I., & Kong, J. (2012). Laryngeal vibratory behavior in traditional Noh singing. Tsinghua Science and Technology, 17(1), 94–103. http://doi.org/10.1109/TST.2012.6151913
Zangger Borch, D., & Sundberg, J. (2010). Some phonatory and resonatory characteristics of the Rock, Pop, Soul, and Swedish dance band styles of singing. Journal of Voice, 1–6. http://doi.org/10.1016/j.jvoice.2010.07.014
Appendix
Table 1. Summary of empirical investigations using Lx/EGG for the analysis of the singing voice

	Author(s)
	Year
	Thematic category
	Participant(s)

	
	
	
	Number
	Age
	Training experience
	Professional experience+
	Gender

	Amarante
	2012
	Registers
	11
	Adults
	T
	Pro
	M

	Bailly et al.
	2007
	Styles
	1
	Adult
	T
	Pro
	M

	Bailly et al.
	2010
	Styles
	1
	Adult
	T
	Pro
	M

	Barlow
	2003
	Vocal development
	127
	Ch, Adol
	T, U
	NS, St
	F, M

	Barlow & Brereton
	2008
	Real-time biofeedback 
	418
	Ch, Adol
	T, U
	NS, St
	F, M

	Barlow & Howard
	2002
	Vocal development
	127
	Ch, Adol
	T, U
	NS, St
	F, M

	Barlow & Howard
	2005
	Vocal development
	256
	Ch, Adol
	T, U
	NS, St
	F, M

	Barlow & Howard
	2007
	Vocal development
	256
	Ch, Adol
	T, U
	NS, St
	F, M

	Barlow & LoVetri
	2008
	Vocal development
	20
	Adol
	T
	St
	F

	Barlow et al.
	2007
	Vocal development
	10
	Adol
	T
	St
	F

	Bestebreurtje & Schutte
	2000
	Styles
	1
	Adult
	n.a.
	n.a.
	F

	Bjorkner
	2008
	Styles
	10
	Adults
	T
	Pro
	n.a.

	Buder & Wolf*
	2003
	Vocal quality
	2
	Adults
	T
	Pro
	F

	Chernobelsky
	1998
	Clinic
	40
	Adults
	T, U
	NS, St
	F

	Cordeiro et al.
	2012
	Clinic
	10
	Adults
	n.a.
	Pro
	F, M

	Daffern
	2008
	Styles
	16
	Adults
	T
	Pro
	F

	Daffern
	in press
	Vibrato
	4
	Adults
	T
	St
	F, M

	Daffern & Howard
	2010
	Styles
	16
	Adults
	T
	Pro
	F

	Delviniotis et al.
	2008
	Styles
	13
	Adults
	n.a.
	Famous chanters
	M

	Dromey et al. 
	2009
	Vibrato
	17
	Adults
	T
	St
	F

	Echternach & Richter
	2010
	Styles
	12
	Adults
	T, U
	Pro, Teach, Amateurs
	F, M

	Echternach et al. 
	2010
	Registers
	18
	Adults
	U
	n.a.
	M

	Echternach et al. 
	2011
	Registers
	20
	Adults
	U
	n.a.
	M

	Elliot et al. 
	1997
	Clinic
	7
	Adults
	T
	n.a.
	F, M

	Estill
	1988
	Styles
	1
	n.a.
	T
	n.a.
	n.a.

	Evans
	1995
	Styles
	9
	Adults
	T
	Inc
	In

	Evans & Howard
	1993
	Styles
	1
	Adult
	T
	Teach
	F

	Garner & Howard
	1999
	Real-time biofeedback 
	n.a.
	Adults
	T
	SP
	M

	Garnier et al.
	2012
	Registers
	12
	Adults
	T
	Nonexperts, St, Pro, 
	F

	Griffin et al.
	1995
	Vocal quality
	8
	Adults
	T
	Pro
	F, M

	Guzman et al.
	2013
	Clinic
	36
	Adults
	T
	n.a.
	F, M

	Henrich et al. 
	2005
	Registers
	18
	Adults
	T
	n.a.
	F, M

	Henrich et al.
	2014
	Registers
	7
	Adults
	T
	SemiPro, Pro
	M

	Herbst et al.
	2009
	Vocal quality
	1
	Adult
	T
	Pro
	M

	Herbst et al.
	2010a
	Real-time biofeedback
	1
	Adult
	U
	Chorister
	F

	Herbst et al.
	2015
	Registers
	1
	Adult
	T
	SemiPro
	M

	Herbst et al.
	in press
	Techniques
	13
	Adults
	T, U
	Amateurs, Pro
	F, M

	Hicks & Teas
	1987
	Vibrato
	10
	Adults
	T
	n.a.
	F, M

	Howard
	1995
	Practise
	26
	Adults
	T, U
	Amateurs, Pro
	F

	Howard
	2003
	Styles
	4
	Adults
	n.a.
	Exp
	F, M

	Howard
	2007a
	Tuning
	4
	Adults
	n.a.
	Exp
	F, M

	Howard
	2007b
	Tuning
	4
	Adults
	T
	St
	F, M

	Howard
	2007c
	Styles
	4
	Adults
	n.a.
	Exp
	F, M

	Howard & Lindsey
	1987
	Practise
	4
	Adults
	T, U
	Exp
	M

	Howard et al. 
	1990
	Practise
	18
	n.a.
	T, U
	Pro, Exp, Unexp
	M

	Howard et al.
	2001
	Vocal quality
	1
	Adult
	T
	Pro
	M

	Howard et al. 
	2009
	Styles
	1
	Adult
	T
	Pro
	F

	Kitch et al.
	1996
	Vocal quality
	10
	Adults
	T
	Exp
	M

	Kitzing
	1982
	Registers
	2
	Adults
	T, U
	Pro, NS
	M

	Lã & Sundberg
	2012
	Clinic
	1
	Adult
	T
	SemiPro
	F

	Lã et al. 
	2007a
	Clinic
	1
	Adult
	T
	St
	F

	Lã et al.
	2007b
	Clinic 
	7
	Adults
	T
	St
	F

	Lã et al. 
	2009
	Clinic
	20
	Adults
	T
	Pro, SemiPro
	F

	Lã et al. 
	2012
	Clinic
	1-9
	Adults
	T
	SemiPro
	F

	Laukkanen et al. 
	1992
	Vibrato
	1
	Adult
	T
	Amateur
	F

	Laukkanen et al.* 
	2004
	Vocal quality
	20
	Adults
	T, U
	Pro
	F, M

	Lebowitz & Baken
	2011
	Styles
	20
	Adults
	T
	Pro
	F

	Miller & Schutte
	1984
	Registers
	1
	Adult
	T
	Pro
	M

	Miller & Schutte
	1990
	Tuning
	1
	Adult
	T
	Pro
	M

	Miller & Schutte
	1993
	Registers
	2
	Adults
	T
	Pro
	F

	Miller & Schutte
	1994
	Registers
	1
	Adult
	T
	Pro
	M

	Miller & Schutte
	2005
	Registers
	n.a.
	Adults
	T
	Pro
	F

	Miller et al. 
	2001
	Registers
	2
	Adults
	T
	Pro
	M

	Miller et al.
	2002
	Registers
	11
	Adults
	T, U
	Exp
	F, M

	Morris et al. 
	2016
	Registers
	15
	Adults
	T
	St, Pro, Teach
	F

	Neumann et al. 
	2005
	Registers
	11
	Adults
	T
	Pro
	M

	Pabst & Sundberg
	1993
	Registers
	7
	Adults
	T
	Pro, NonPro, Teach, St
	F, M

	Pedersen et al. 
	1982
	Vocal development
	25
	Ch, Adol
	T
	St
	M

	Pedersen 
	1997
	Vocal development
	95
	Ch, Adol
	n.a.
	St
	F, M

	Rosenau
	1999
	Styles
	4
	Adults
	T
	Pro
	F, M

	Rossiter et al.
	1995
	Practise
	n.a.
	Adults
	U
	Unexep
	M

	Rossiter & Howard
	1997
	Practise
	2
	n.a.
	U
	Unexep
	M

	Rossiter et al. 
	1996
	Real-time Biofeedback 
	2
	n.a.
	U
	Unexep
	M

	Roubeau et al.
	1987
	Registers
	10
	Adults
	T, U
	n.a.
	F, M

	Roubeau et al. 
	2009
	Registers
	79
	n.a.
	T, U
	n.a.
	F, M

	Salomão & Sundberg
	2009
	Registers
	13
	Adults
	T
	Chor
	M

	Scherer & Titze
	1987
	Vocal quality
	1
	Adult
	T
	Pro
	M

	Schutte & Miller
	1986
	Registers
	2
	Adults
	T
	Amateur, Pro
	F

	Schutte & Miller
	1991
	Vibrato
	1
	Adult
	T
	Pro
	M

	Schutte & Miller
	1993
	Styles
	n.a.
	n.a.
	n.a.
	n.a.
	F

	Sonninen et al.
	1993
	Voice quality
	9
	Adults
	T
	Pro
	F, M

	Sonninen et al.* 
	2005
	Vocal quality
	7
	Adults
	T
	Pro
	F, M

	Sundberg et al.
	1993
	Vocal quality
	10
	Adults
	n.a.
	Pro, NPro
	M

	Sundberg et al.
	2011
	Tuning
	8
	Adults
	T
	St, Pro, 
	M

	Sundberg et al.
	2012a
	Styles
	7
	Adults
	T
	Pro
	M

	Sundberg et al. 
	2012b
	Styles
	1
	Adult
	T
	Pro
	F

	Sundberg et al.
	2013
	Tuning
	8
	Adults
	T
	St, Pro,
	M

	Sundberg et al.
	2016
	Styles
	8
	Adults
	T
	St, Pro
	M

	Sundberg & Thalén
	2015
	Styles
	6
	Adults
	T
	Pro
	F

	Teachey et al. 
	1991
	Practise
	30
	Adults
	U
	SemiPro, Pro
	F, M

	Thalén & Sundberg*
	2001
	Styles
	1
	Adult
	T
	Pro
	F

	Thomasson
	2003a
	Styles
	9
	Adults
	T
	Pro
	M

	Thomasson
	2003b
	Styles
	9
	Adults
	T
	Pro
	M

	Verdolini et al.
	1998
	Vocal quality
	12
	Adults
	T
	Trained participants
	F, M

	Welch
	1983
	Tuning 
	66
	Ch
	U
	PSSt
	F, M

	Welch
	1985
	Tuning
	66
	Ch
	U
	PSSt
	F, M

	Welch & White
	1993
	Vocal development
	48
	Ch
	T
	5y subjects, chor
	F, M

	Welch et al. 
	1988
	Registers
	9
	Adults
	T
	Pro
	M

	Welch et al. 
	1989
	Registers
	19
	Adults
	T
	Pro
	M

	White et al.
	1996
	Vocal development
	n.a.
	Ch
	T
	PSSt
	F, M

	Williams et al. 
	2005
	Practise
	n.a.
	Adol
	T
	Chor
	M

	Yan et al.
	2012
	Registers
	29
	Adults
	T
	Pro
	M

	Yoshinaga & Kong
	2012
	Styles
	4
	Adults
	T
	Pro
	F, M

	Zangger Borch & Sundberg*
	2010
	Styles
	1
	Adult
	n.a.
	Teach, Pro
	M



Note. +Information reported as in the paper. *Studies including in addition participants taking part to a listening test. Adol: adolescents featuring prepubertal voice; Adult(s): participants after age 18; Ch: children featuring prepubertal voice; Chor: choristers; Exp: experienced singers; F: female(s); M: male(s); n.a.: complete information not available; NPro: non-professional singers; Pro: professional singers; PSST: primary school students; SemiPro: semi-professional singers; St: singing students; Teach: singing teacher(s); Unexpe: unexperienced singers.
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Waveform	0	7.575757575757576E-3	1.5151515151515152E-2	2.2727272727272728E-2	3.0303030303030304E-2	3.787878787878788E-2	4.5454545454545456E-2	5.3030303030303032E-2	6.0606060606060608E-2	6.8181818181818177E-2	7.575757575757576E-2	8.3333333333333329E-2	9.0909090909090912E-2	9.8484848484848481E-2	0.10606060606060606	0.11363636363636363	0.12121212121212122	0.12878787878787878	0.13636363636363635	0.14393939393939395	0.15151515151515152	0.15909090909090909	0.16666666666666666	0.17424242424242425	0.18181818181818182	0.18939393939393939	0.19696969696969696	0.20454545454545456	0.21212121212121213	0.2196969696969697	0.22727272727272727	0.23484848484848486	0.24242424242424243	0.25	0.25757575757575757	0.26515151515151514	0.27272727272727271	0.28030303030303028	0.2878787878787879	0.29545454545454547	0.30303030303030304	0.31060606060606061	0.31818181818181818	0.32575757575757575	0.33333333333333331	0.34090909090909088	0.34848484848484851	0.35606060606060608	0.36363636363636365	0.37121212121212122	0.37878787878787878	0.38636363636363635	0.39393939393939392	0.40151515151515149	0.40909090909090912	0.41666666666666669	0.42424242424242425	0.43181818181818182	0.43939393939393939	0.44696969696969696	0.45454545454545453	0.4621212121212121	0.46969696969696972	0.47727272727272729	0.48484848484848486	0.49242424242424243	0.5	0.50757575757575757	0.51515151515151514	0.52272727272727271	0.53030303030303028	0.53787878787878785	0.54545454545454541	0.55303030303030298	0.56060606060606055	0.56818181818181823	0.5757575757575758	0.58333333333333337	0.59090909090909094	0.59848484848484851	0.60606060606060608	0.61363636363636365	0.62121212121212122	0.62878787878787878	0.63636363636363635	0.64393939393939392	0.65151515151515149	0.65909090909090906	0.66666666666666663	0.6742424242424242	0.68181818181818177	0.68939393939393945	0.69696969696969702	0.70454545454545459	0.71212121212121215	0.71969696969696972	0.72727272727272729	0.73484848484848486	0.74242424242424243	0.75	0.75757575757575757	0.76515151515151514	0.77272727272727271	0.78030303030303028	0.78787878787878785	0.79545454545454541	0.80303030303030298	0.81060606060606055	0.81818181818181823	0.8257575757575758	0.83333333333333337	0.84090909090909094	0.84848484848484851	0.85606060606060608	0.86363636363636365	0.87121212121212122	0.87878787878787878	0.88636363636363635	0.89393939393939392	0.90151515151515149	0.90909090909090906	0.91666666666666663	0.9242424242424242	0.93181818181818177	0.93939393939393945	0.94696969696969702	0.95454545454545459	0.96212121212121215	0.96969696969696972	0.97727272727272729	0.98484848484848486	0.99242424242424243	1	3.0023094688221709E-2	1.8764434180138567E-2	1.7321016166281754E-2	2.8579676674364896E-2	1.5011547344110854E-2	1.2702078521939953E-2	3.2332563510392612E-2	3.9549653579676672E-2	3.0889145496535798E-2	4.0704387990762127E-2	5.5427251732101619E-2	9.7575057736720552E-2	0.11836027713625866	0.14953810623556582	0.24942263279445728	0.3062933025404157	0.35652424942263278	0.43562355658198615	0.58054272517321015	0.7015011547344111	0.78088914549653576	0.80080831408775976	0.83718244803695152	0.88221709006928406	0.88192840646651272	0.92869515011547343	0.92811778290993074	0.94370669745958424	0.96073903002309469	0.99076212471131642	0.99711316397228633	1	0.99769053117782913	0.98527713625866054	0.97921478060046185	0.95785219399538102	0.95207852193995379	0.93591224018475749	0.93302540415704383	0.91137413394919164	0.88914549653579678	0.87326789838337182	0.86114318706697457	0.8507505773672055	0.82303695150115475	0.81206697459584298	0.79734411085450352	0.77655889145496537	0.77078521939953815	0.74971131639722866	0.71564665127020788	0.71420323325635104	0.68995381062355654	0.65588914549653576	0.65386836027713624	0.63192840646651272	0.59035796766743653	0.559757505773672	0.54618937644341803	0.53204387990762125	0.48181293302540418	0.46680138568129331	0.44226327944572746	0.39665127020785218	0.37211316397228639	0.36027713625866054	0.33400692840646651	0.30744803695150114	0.29763279445727481	0.27742494226327946	0.25837182448036949	0.24538106235565821	0.22892609699769054	0.20207852193995382	0.20929561200923788	0.20900692840646651	0.18013856812933027	0.17378752886836027	0.15675519630484988	0.14520785219399537	0.1374133949191686	9.4688221709006926E-2	8.4584295612009239E-2	0.10536951501154734	0.1180715935334873	8.6605080831408776E-2	8.198614318706697E-2	8.7759815242494224E-2	8.4006928406466508E-2	7.7944572748267896E-2	5.3117782909930716E-2	6.0046189376443418E-2	5.2251732101616627E-2	5.4272517321016164E-2	4.7055427251732104E-2	4.7055427251732104E-2	6.8995381062355657E-2	4.8210161662817552E-2	3.3198614318706694E-2	3.8106235565819858E-2	2.684757505773672E-2	2.8868360277136258E-2	2.8579676674364896E-2	2.9734411085450347E-2	3.5796766743648963E-2	2.3383371824480369E-2	1.2702078521939953E-2	1.4434180138568129E-2	1.3279445727482679E-2	2.8868360277136259E-3	1.5300230946882216E-2	1.0969976905311778E-2	1.6454965357967668E-2	1.8475750577367205E-2	1.3856812933025405E-2	8.6605080831408769E-3	2.3094688221709007E-3	1.7609699769053119E-2	3.7528868360277136E-3	6.3510392609699767E-3	1.8764434180138567E-2	1.7321016166281756E-3	0	2.8868360277136258E-4	1.1547344110854503E-3	3.4642032332563512E-3	1.7321016166281754E-2	9.5265588914549646E-3	0	1.2413394919168591E-2	1.8475750577367205E-2	2.3094688221709007E-3	9.5265588914549646E-3	Max / Min Slope	0.13636363636363635	0.45454545454545453	0.58054272517321015	0.48181293302540418	35% Points	0.13721212121212123	0.50842424242424245	0.35652424942263278	0.36027713625866054	100% Max	0.25084848484848488	0.25084848484848488	1	0	Period	0	1	1.05	1.05	Waveform	0	7.575757575757576E-3	1.5151515151515152E-2	2.2727272727272728E-2	3.0303030303030304E-2	3.787878787878788E-2	4.5454545454545456E-2	5.3030303030303032E-2	6.0606060606060608E-2	6.8181818181818177E-2	7.575757575757576E-2	8.3333333333333329E-2	9.0909090909090912E-2	9.8484848484848481E-2	0.10606060606060606	0.11363636363636363	0.12121212121212122	0.12878787878787878	0.13636363636363635	0.14393939393939395	0.15151515151515152	0.15909090909090909	0.16666666666666666	0.17424242424242425	0.18181818181818182	0.18939393939393939	0.19696969696969696	0.20454545454545456	0.21212121212121213	0.2196969696969697	0.22727272727272727	0.23484848484848486	0.24242424242424243	0.25	0.25757575757575757	0.26515151515151514	0.27272727272727271	0.28030303030303028	0.2878787878787879	0.29545454545454547	0.30303030303030304	0.31060606060606061	0.31818181818181818	0.32575757575757575	0.33333333333333331	0.34090909090909088	0.34848484848484851	0.35606060606060608	0.36363636363636365	0.37121212121212122	0.37878787878787878	0.38636363636363635	0.39393939393939392	0.40151515151515149	0.40909090909090912	0.41666666666666669	0.42424242424242425	0.43181818181818182	0.43939393939393939	0.44696969696969696	0.45454545454545453	0.4621212121212121	0.46969696969696972	0.47727272727272729	0.48484848484848486	0.49242424242424243	0.5	0.50757575757575757	0.51515151515151514	0.52272727272727271	0.53030303030303028	0.53787878787878785	0.54545454545454541	0.55303030303030298	0.56060606060606055	0.56818181818181823	0.5757575757575758	0.58333333333333337	0.59090909090909094	0.59848484848484851	0.60606060606060608	0.61363636363636365	0.62121212121212122	0.62878787878787878	0.63636363636363635	0.64393939393939392	0.65151515151515149	0.65909090909090906	0.66666666666666663	0.6742424242424242	0.68181818181818177	0.68939393939393945	0.69696969696969702	0.70454545454545459	0.71212121212121215	0.71969696969696972	0.72727272727272729	0.73484848484848486	0.74242424242424243	0.75	0.75757575757575757	0.76515151515151514	0.77272727272727271	0.78030303030303028	0.78787878787878785	0.79545454545454541	0.80303030303030298	0.81060606060606055	0.81818181818181823	0.8257575757575758	0.83333333333333337	0.84090909090909094	0.84848484848484851	0.85606060606060608	0.86363636363636365	0.87121212121212122	0.87878787878787878	0.88636363636363635	0.89393939393939392	0.90151515151515149	0.90909090909090906	0.91666666666666663	0.9242424242424242	0.93181818181818177	0.93939393939393945	0.94696969696969702	0.95454545454545459	0.96212121212121215	0.96969696969696972	0.97727272727272729	0.98484848484848486	0.99242424242424243	1	3.0023094688221709E-2	1.8764434180138567E-2	1.7321016166281754E-2	2.8579676674364896E-2	1.5011547344110854E-2	1.2702078521939953E-2	3.2332563510392612E-2	3.9549653579676672E-2	3.0889145496535798E-2	4.0704387990762127E-2	5.5427251732101619E-2	9.7575057736720552E-2	0.11836027713625866	0.14953810623556582	0.24942263279445728	0.3062933025404157	0.35652424942263278	0.43562355658198615	0.58054272517321015	0.7015011547344111	0.78088914549653576	0.80080831408775976	0.83718244803695152	0.88221709006928406	0.88192840646651272	0.92869515011547343	0.92811778290993074	0.94370669745958424	0.96073903002309469	0.99076212471131642	0.99711316397228633	1	0.99769053117782913	0.98527713625866054	0.97921478060046185	0.95785219399538102	0.95207852193995379	0.93591224018475749	0.93302540415704383	0.91137413394919164	0.88914549653579678	0.87326789838337182	0.86114318706697457	0.8507505773672055	0.82303695150115475	0.81206697459584298	0.79734411085450352	0.77655889145496537	0.77078521939953815	0.74971131639722866	0.71564665127020788	0.71420323325635104	0.68995381062355654	0.65588914549653576	0.65386836027713624	0.63192840646651272	0.59035796766743653	0.559757505773672	0.54618937644341803	0.53204387990762125	0.48181293302540418	0.46680138568129331	0.44226327944572746	0.39665127020785218	0.37211316397228639	0.36027713625866054	0.33400692840646651	0.30744803695150114	0.29763279445727481	0.27742494226327946	0.25837182448036949	0.24538106235565821	0.22892609699769054	0.20207852193995382	0.20929561200923788	0.20900692840646651	0.18013856812933027	0.17378752886836027	0.15675519630484988	0.14520785219399537	0.1374133949191686	9.4688221709006926E-2	8.4584295612009239E-2	0.10536951501154734	0.1180715935334873	8.6605080831408776E-2	8.198614318706697E-2	8.7759815242494224E-2	8.4006928406466508E-2	7.7944572748267896E-2	5.3117782909930716E-2	6.0046189376443418E-2	5.2251732101616627E-2	5.4272517321016164E-2	4.7055427251732104E-2	4.7055427251732104E-2	6.8995381062355657E-2	4.8210161662817552E-2	3.3198614318706694E-2	3.8106235565819858E-2	2.684757505773672E-2	2.8868360277136258E-2	2.8579676674364896E-2	2.9734411085450347E-2	3.5796766743648963E-2	2.3383371824480369E-2	1.2702078521939953E-2	1.4434180138568129E-2	1.3279445727482679E-2	2.8868360277136259E-3	1.5300230946882216E-2	1.0969976905311778E-2	1.6454965357967668E-2	1.8475750577367205E-2	1.3856812933025405E-2	8.6605080831408769E-3	2.3094688221709007E-3	1.7609699769053119E-2	3.7528868360277136E-3	6.3510392609699767E-3	1.8764434180138567E-2	1.7321016166281756E-3	0	2.8868360277136258E-4	1.1547344110854503E-3	3.4642032332563512E-3	1.7321016166281754E-2	9.5265588914549646E-3	0	1.2413394919168591E-2	1.8475750577367205E-2	2.3094688221709007E-3	9.5265588914549646E-3	Max / Min Slope	0.13636363636363635	0.45454545454545453	0.58054272517321015	0.48181293302540418	35% Points	0.13721212121212123	0.50842424242424245	0.35652424942263278	0.36027713625866054	100% Max	0.25084848484848488	0.25084848484848488	1	0	Period	0	1	1.05	1.05	Waveform	0	7.575757575757576E-3	1.5151515151515152E-2	2.2727272727272728E-2	3.0303030303030304E-2	3.787878787878788E-2	4.5454545454545456E-2	5.3030303030303032E-2	6.0606060606060608E-2	6.8181818181818177E-2	7.575757575757576E-2	8.3333333333333329E-2	9.0909090909090912E-2	9.8484848484848481E-2	0.10606060606060606	0.11363636363636363	0.12121212121212122	0.12878787878787878	0.13636363636363635	0.14393939393939395	0.15151515151515152	0.15909090909090909	0.16666666666666666	0.17424242424242425	0.18181818181818182	0.18939393939393939	0.19696969696969696	0.20454545454545456	0.21212121212121213	0.2196969696969697	0.22727272727272727	0.23484848484848486	0.24242424242424243	0.25	0.25757575757575757	0.26515151515151514	0.27272727272727271	0.28030303030303028	0.2878787878787879	0.29545454545454547	0.30303030303030304	0.31060606060606061	0.31818181818181818	0.32575757575757575	0.33333333333333331	0.34090909090909088	0.34848484848484851	0.35606060606060608	0.36363636363636365	0.37121212121212122	0.37878787878787878	0.38636363636363635	0.39393939393939392	0.40151515151515149	0.40909090909090912	0.41666666666666669	0.42424242424242425	0.43181818181818182	0.43939393939393939	0.44696969696969696	0.45454545454545453	0.4621212121212121	0.46969696969696972	0.47727272727272729	0.48484848484848486	0.49242424242424243	0.5	0.50757575757575757	0.51515151515151514	0.52272727272727271	0.53030303030303028	0.53787878787878785	0.54545454545454541	0.55303030303030298	0.56060606060606055	0.56818181818181823	0.5757575757575758	0.58333333333333337	0.59090909090909094	0.59848484848484851	0.60606060606060608	0.61363636363636365	0.62121212121212122	0.62878787878787878	0.63636363636363635	0.64393939393939392	0.65151515151515149	0.65909090909090906	0.66666666666666663	0.6742424242424242	0.68181818181818177	0.68939393939393945	0.69696969696969702	0.70454545454545459	0.71212121212121215	0.71969696969696972	0.72727272727272729	0.73484848484848486	0.74242424242424243	0.75	0.75757575757575757	0.76515151515151514	0.77272727272727271	0.78030303030303028	0.78787878787878785	0.79545454545454541	0.80303030303030298	0.81060606060606055	0.81818181818181823	0.8257575757575758	0.83333333333333337	0.84090909090909094	0.84848484848484851	0.85606060606060608	0.86363636363636365	0.87121212121212122	0.87878787878787878	0.88636363636363635	0.89393939393939392	0.90151515151515149	0.90909090909090906	0.91666666666666663	0.9242424242424242	0.93181818181818177	0.93939393939393945	0.94696969696969702	0.95454545454545459	0.96212121212121215	0.96969696969696972	0.97727272727272729	0.98484848484848486	0.99242424242424243	1	3.0023094688221709E-2	1.8764434180138567E-2	1.7321016166281754E-2	2.8579676674364896E-2	1.5011547344110854E-2	1.2702078521939953E-2	3.2332563510392612E-2	3.9549653579676672E-2	3.0889145496535798E-2	4.0704387990762127E-2	5.5427251732101619E-2	9.7575057736720552E-2	0.11836027713625866	0.14953810623556582	0.24942263279445728	0.3062933025404157	0.35652424942263278	0.43562355658198615	0.58054272517321015	0.7015011547344111	0.78088914549653576	0.80080831408775976	0.83718244803695152	0.88221709006928406	0.88192840646651272	0.92869515011547343	0.92811778290993074	0.94370669745958424	0.96073903002309469	0.99076212471131642	0.99711316397228633	1	0.99769053117782913	0.98527713625866054	0.97921478060046185	0.95785219399538102	0.95207852193995379	0.93591224018475749	0.93302540415704383	0.91137413394919164	0.88914549653579678	0.87326789838337182	0.86114318706697457	0.8507505773672055	0.82303695150115475	0.81206697459584298	0.79734411085450352	0.77655889145496537	0.77078521939953815	0.74971131639722866	0.71564665127020788	0.71420323325635104	0.68995381062355654	0.65588914549653576	0.65386836027713624	0.63192840646651272	0.59035796766743653	0.559757505773672	0.54618937644341803	0.53204387990762125	0.48181293302540418	0.46680138568129331	0.44226327944572746	0.39665127020785218	0.37211316397228639	0.36027713625866054	0.33400692840646651	0.30744803695150114	0.29763279445727481	0.27742494226327946	0.25837182448036949	0.24538106235565821	0.22892609699769054	0.20207852193995382	0.20929561200923788	0.20900692840646651	0.18013856812933027	0.17378752886836027	0.15675519630484988	0.14520785219399537	0.1374133949191686	9.4688221709006926E-2	8.4584295612009239E-2	0.10536951501154734	0.1180715935334873	8.6605080831408776E-2	8.198614318706697E-2	8.7759815242494224E-2	8.4006928406466508E-2	7.7944572748267896E-2	5.3117782909930716E-2	6.0046189376443418E-2	5.2251732101616627E-2	5.4272517321016164E-2	4.7055427251732104E-2	4.7055427251732104E-2	6.8995381062355657E-2	4.8210161662817552E-2	3.3198614318706694E-2	3.8106235565819858E-2	2.684757505773672E-2	2.8868360277136258E-2	2.8579676674364896E-2	2.9734411085450347E-2	3.5796766743648963E-2	2.3383371824480369E-2	1.2702078521939953E-2	1.4434180138568129E-2	1.3279445727482679E-2	2.8868360277136259E-3	1.5300230946882216E-2	1.0969976905311778E-2	1.6454965357967668E-2	1.8475750577367205E-2	1.3856812933025405E-2	8.6605080831408769E-3	2.3094688221709007E-3	1.7609699769053119E-2	3.7528868360277136E-3	6.3510392609699767E-3	1.8764434180138567E-2	1.7321016166281756E-3	0	2.8868360277136258E-4	1.1547344110854503E-3	3.4642032332563512E-3	1.7321016166281754E-2	9.5265588914549646E-3	0	1.2413394919168591E-2	1.8475750577367205E-2	2.3094688221709007E-3	9.5265588914549646E-3	Max / Min Slope	0.13636363636363635	0.45454545454545453	0.58054272517321015	0.48181293302540418	35% Points	0.13721212121212123	0.50842424242424245	0.35652424942263278	0.36027713625866054	100% Max	0.25084848484848488	0.25084848484848488	1	0	Period	0	1	1.05	1.05	Waveform	0	7.575757575757576E-3	1.5151515151515152E-2	2.2727272727272728E-2	3.0303030303030304E-2	3.787878787878788E-2	4.5454545454545456E-2	5.3030303030303032E-2	6.0606060606060608E-2	6.8181818181818177E-2	7.575757575757576E-2	8.3333333333333329E-2	9.0909090909090912E-2	9.8484848484848481E-2	0.10606060606060606	0.11363636363636363	0.12121212121212122	0.12878787878787878	0.13636363636363635	0.14393939393939395	0.15151515151515152	0.15909090909090909	0.16666666666666666	0.17424242424242425	0.18181818181818182	0.18939393939393939	0.19696969696969696	0.20454545454545456	0.21212121212121213	0.2196969696969697	0.22727272727272727	0.23484848484848486	0.24242424242424243	0.25	0.25757575757575757	0.26515151515151514	0.27272727272727271	0.28030303030303028	0.2878787878787879	0.29545454545454547	0.30303030303030304	0.31060606060606061	0.31818181818181818	0.32575757575757575	0.33333333333333331	0.34090909090909088	0.34848484848484851	0.35606060606060608	0.36363636363636365	0.37121212121212122	0.37878787878787878	0.38636363636363635	0.39393939393939392	0.40151515151515149	0.40909090909090912	0.41666666666666669	0.42424242424242425	0.43181818181818182	0.43939393939393939	0.44696969696969696	0.45454545454545453	0.4621212121212121	0.46969696969696972	0.47727272727272729	0.48484848484848486	0.49242424242424243	0.5	0.50757575757575757	0.51515151515151514	0.52272727272727271	0.53030303030303028	0.53787878787878785	0.54545454545454541	0.55303030303030298	0.56060606060606055	0.56818181818181823	0.5757575757575758	0.58333333333333337	0.59090909090909094	0.59848484848484851	0.60606060606060608	0.61363636363636365	0.62121212121212122	0.62878787878787878	0.63636363636363635	0.64393939393939392	0.65151515151515149	0.65909090909090906	0.66666666666666663	0.6742424242424242	0.68181818181818177	0.68939393939393945	0.69696969696969702	0.70454545454545459	0.71212121212121215	0.71969696969696972	0.72727272727272729	0.73484848484848486	0.74242424242424243	0.75	0.75757575757575757	0.76515151515151514	0.77272727272727271	0.78030303030303028	0.78787878787878785	0.79545454545454541	0.80303030303030298	0.81060606060606055	0.81818181818181823	0.8257575757575758	0.83333333333333337	0.84090909090909094	0.84848484848484851	0.85606060606060608	0.86363636363636365	0.87121212121212122	0.87878787878787878	0.88636363636363635	0.89393939393939392	0.90151515151515149	0.90909090909090906	0.91666666666666663	0.9242424242424242	0.93181818181818177	0.93939393939393945	0.94696969696969702	0.95454545454545459	0.96212121212121215	0.96969696969696972	0.97727272727272729	0.98484848484848486	0.99242424242424243	1	3.0023094688221709E-2	1.8764434180138567E-2	1.7321016166281754E-2	2.8579676674364896E-2	1.5011547344110854E-2	1.2702078521939953E-2	3.2332563510392612E-2	3.9549653579676672E-2	3.0889145496535798E-2	4.0704387990762127E-2	5.5427251732101619E-2	9.7575057736720552E-2	0.11836027713625866	0.14953810623556582	0.24942263279445728	0.3062933025404157	0.35652424942263278	0.43562355658198615	0.58054272517321015	0.7015011547344111	0.78088914549653576	0.80080831408775976	0.83718244803695152	0.88221709006928406	0.88192840646651272	0.92869515011547343	0.92811778290993074	0.94370669745958424	0.96073903002309469	0.99076212471131642	0.99711316397228633	1	0.99769053117782913	0.98527713625866054	0.97921478060046185	0.95785219399538102	0.95207852193995379	0.93591224018475749	0.93302540415704383	0.91137413394919164	0.88914549653579678	0.87326789838337182	0.86114318706697457	0.8507505773672055	0.82303695150115475	0.81206697459584298	0.79734411085450352	0.77655889145496537	0.77078521939953815	0.74971131639722866	0.71564665127020788	0.71420323325635104	0.68995381062355654	0.65588914549653576	0.65386836027713624	0.63192840646651272	0.59035796766743653	0.559757505773672	0.54618937644341803	0.53204387990762125	0.48181293302540418	0.46680138568129331	0.44226327944572746	0.39665127020785218	0.37211316397228639	0.36027713625866054	0.33400692840646651	0.30744803695150114	0.29763279445727481	0.27742494226327946	0.25837182448036949	0.24538106235565821	0.22892609699769054	0.20207852193995382	0.20929561200923788	0.20900692840646651	0.18013856812933027	0.17378752886836027	0.15675519630484988	0.14520785219399537	0.1374133949191686	9.4688221709006926E-2	8.4584295612009239E-2	0.10536951501154734	0.1180715935334873	8.6605080831408776E-2	8.198614318706697E-2	8.7759815242494224E-2	8.4006928406466508E-2	7.7944572748267896E-2	5.3117782909930716E-2	6.0046189376443418E-2	5.2251732101616627E-2	5.4272517321016164E-2	4.7055427251732104E-2	4.7055427251732104E-2	6.8995381062355657E-2	4.8210161662817552E-2	3.3198614318706694E-2	3.8106235565819858E-2	2.684757505773672E-2	2.8868360277136258E-2	2.8579676674364896E-2	2.9734411085450347E-2	3.5796766743648963E-2	2.3383371824480369E-2	1.2702078521939953E-2	1.4434180138568129E-2	1.3279445727482679E-2	2.8868360277136259E-3	1.5300230946882216E-2	1.0969976905311778E-2	1.6454965357967668E-2	1.8475750577367205E-2	1.3856812933025405E-2	8.6605080831408769E-3	2.3094688221709007E-3	1.7609699769053119E-2	3.7528868360277136E-3	6.3510392609699767E-3	1.8764434180138567E-2	1.7321016166281756E-3	0	2.8868360277136258E-4	1.1547344110854503E-3	3.4642032332563512E-3	1.7321016166281754E-2	9.5265588914549646E-3	0	1.2413394919168591E-2	1.8475750577367205E-2	2.3094688221709007E-3	9.5265588914549646E-3	Max / Min Slope	0.13636363636363635	0.45454545454545453	0.58054272517321015	0.48181293302540418	35% Points	0.13721212121212123	0.50842424242424245	0.35652424942263278	0.36027713625866054	100% Max	0.25084848484848488	0.25084848484848488	1	0	Period	0	1	1.05	1.05	Waveform	0	7.575757575757576E-3	1.5151515151515152E-2	2.2727272727272728E-2	3.0303030303030304E-2	3.787878787878788E-2	4.5454545454545456E-2	5.3030303030303032E-2	6.0606060606060608E-2	6.8181818181818177E-2	7.575757575757576E-2	8.3333333333333329E-2	9.0909090909090912E-2	9.8484848484848481E-2	0.10606060606060606	0.11363636363636363	0.12121212121212122	0.12878787878787878	0.13636363636363635	0.14393939393939395	0.15151515151515152	0.15909090909090909	0.16666666666666666	0.17424242424242425	0.18181818181818182	0.18939393939393939	0.19696969696969696	0.20454545454545456	0.21212121212121213	0.2196969696969697	0.22727272727272727	0.23484848484848486	0.24242424242424243	0.25	0.25757575757575757	0.26515151515151514	0.27272727272727271	0.28030303030303028	0.2878787878787879	0.29545454545454547	0.30303030303030304	0.31060606060606061	0.31818181818181818	0.32575757575757575	0.33333333333333331	0.34090909090909088	0.34848484848484851	0.35606060606060608	0.36363636363636365	0.37121212121212122	0.37878787878787878	0.38636363636363635	0.39393939393939392	0.40151515151515149	0.40909090909090912	0.41666666666666669	0.42424242424242425	0.43181818181818182	0.43939393939393939	0.44696969696969696	0.45454545454545453	0.4621212121212121	0.46969696969696972	0.47727272727272729	0.48484848484848486	0.49242424242424243	0.5	0.50757575757575757	0.51515151515151514	0.52272727272727271	0.53030303030303028	0.53787878787878785	0.54545454545454541	0.55303030303030298	0.56060606060606055	0.56818181818181823	0.5757575757575758	0.58333333333333337	0.59090909090909094	0.59848484848484851	0.60606060606060608	0.61363636363636365	0.62121212121212122	0.62878787878787878	0.63636363636363635	0.64393939393939392	0.65151515151515149	0.65909090909090906	0.66666666666666663	0.6742424242424242	0.68181818181818177	0.68939393939393945	0.69696969696969702	0.70454545454545459	0.71212121212121215	0.71969696969696972	0.72727272727272729	0.73484848484848486	0.74242424242424243	0.75	0.75757575757575757	0.76515151515151514	0.77272727272727271	0.78030303030303028	0.78787878787878785	0.79545454545454541	0.80303030303030298	0.81060606060606055	0.81818181818181823	0.8257575757575758	0.83333333333333337	0.84090909090909094	0.84848484848484851	0.85606060606060608	0.86363636363636365	0.87121212121212122	0.87878787878787878	0.88636363636363635	0.89393939393939392	0.90151515151515149	0.90909090909090906	0.91666666666666663	0.9242424242424242	0.93181818181818177	0.93939393939393945	0.94696969696969702	0.95454545454545459	0.96212121212121215	0.96969696969696972	0.97727272727272729	0.98484848484848486	0.99242424242424243	1	3.0023094688221709E-2	1.8764434180138567E-2	1.7321016166281754E-2	2.8579676674364896E-2	1.5011547344110854E-2	1.2702078521939953E-2	3.2332563510392612E-2	3.9549653579676672E-2	3.0889145496535798E-2	4.0704387990762127E-2	5.5427251732101619E-2	9.7575057736720552E-2	0.11836027713625866	0.14953810623556582	0.24942263279445728	0.3062933025404157	0.35652424942263278	0.43562355658198615	0.58054272517321015	0.7015011547344111	0.78088914549653576	0.80080831408775976	0.83718244803695152	0.88221709006928406	0.88192840646651272	0.92869515011547343	0.92811778290993074	0.94370669745958424	0.96073903002309469	0.99076212471131642	0.99711316397228633	1	0.99769053117782913	0.98527713625866054	0.97921478060046185	0.95785219399538102	0.95207852193995379	0.93591224018475749	0.93302540415704383	0.91137413394919164	0.88914549653579678	0.87326789838337182	0.86114318706697457	0.8507505773672055	0.82303695150115475	0.81206697459584298	0.79734411085450352	0.77655889145496537	0.77078521939953815	0.74971131639722866	0.71564665127020788	0.71420323325635104	0.68995381062355654	0.65588914549653576	0.65386836027713624	0.63192840646651272	0.59035796766743653	0.559757505773672	0.54618937644341803	0.53204387990762125	0.48181293302540418	0.46680138568129331	0.44226327944572746	0.39665127020785218	0.37211316397228639	0.36027713625866054	0.33400692840646651	0.30744803695150114	0.29763279445727481	0.27742494226327946	0.25837182448036949	0.24538106235565821	0.22892609699769054	0.20207852193995382	0.20929561200923788	0.20900692840646651	0.18013856812933027	0.17378752886836027	0.15675519630484988	0.14520785219399537	0.1374133949191686	9.4688221709006926E-2	8.4584295612009239E-2	0.10536951501154734	0.1180715935334873	8.6605080831408776E-2	8.198614318706697E-2	8.7759815242494224E-2	8.4006928406466508E-2	7.7944572748267896E-2	5.3117782909930716E-2	6.0046189376443418E-2	5.2251732101616627E-2	5.4272517321016164E-2	4.7055427251732104E-2	4.7055427251732104E-2	6.8995381062355657E-2	4.8210161662817552E-2	3.3198614318706694E-2	3.8106235565819858E-2	2.684757505773672E-2	2.8868360277136258E-2	2.8579676674364896E-2	2.9734411085450347E-2	3.5796766743648963E-2	2.3383371824480369E-2	1.2702078521939953E-2	1.4434180138568129E-2	1.3279445727482679E-2	2.8868360277136259E-3	1.5300230946882216E-2	1.0969976905311778E-2	1.6454965357967668E-2	1.8475750577367205E-2	1.3856812933025405E-2	8.6605080831408769E-3	2.3094688221709007E-3	1.7609699769053119E-2	3.7528868360277136E-3	6.3510392609699767E-3	1.8764434180138567E-2	1.7321016166281756E-3	0	2.8868360277136258E-4	1.1547344110854503E-3	3.4642032332563512E-3	1.7321016166281754E-2	9.5265588914549646E-3	0	1.2413394919168591E-2	1.8475750577367205E-2	2.3094688221709007E-3	9.5265588914549646E-3	Max / Min Slope	0.13636363636363635	0.45454545454545453	0.58054272517321015	0.48181293302540418	35% Points	0.13721212121212123	0.50842424242424245	0.35652424942263278	0.36027713625866054	100% Max	0.25084848484848488	0.25084848484848488	1	0	Period	0	1	1.05	1.05	Waveform	0	7.575757575757576E-3	1.5151515151515152E-2	2.2727272727272728E-2	3.0303030303030304E-2	3.787878787878788E-2	4.5454545454545456E-2	5.3030303030303032E-2	6.0606060606060608E-2	6.8181818181818177E-2	7.575757575757576E-2	8.3333333333333329E-2	9.0909090909090912E-2	9.8484848484848481E-2	0.10606060606060606	0.11363636363636363	0.12121212121212122	0.12878787878787878	0.13636363636363635	0.14393939393939395	0.15151515151515152	0.15909090909090909	0.16666666666666666	0.17424242424242425	0.18181818181818182	0.18939393939393939	0.19696969696969696	0.20454545454545456	0.21212121212121213	0.2196969696969697	0.22727272727272727	0.23484848484848486	0.24242424242424243	0.25	0.25757575757575757	0.26515151515151514	0.27272727272727271	0.28030303030303028	0.2878787878787879	0.29545454545454547	0.30303030303030304	0.31060606060606061	0.31818181818181818	0.32575757575757575	0.33333333333333331	0.34090909090909088	0.34848484848484851	0.35606060606060608	0.36363636363636365	0.37121212121212122	0.37878787878787878	0.38636363636363635	0.39393939393939392	0.40151515151515149	0.40909090909090912	0.41666666666666669	0.42424242424242425	0.43181818181818182	0.43939393939393939	0.44696969696969696	0.45454545454545453	0.4621212121212121	0.46969696969696972	0.47727272727272729	0.48484848484848486	0.49242424242424243	0.5	0.50757575757575757	0.51515151515151514	0.52272727272727271	0.53030303030303028	0.53787878787878785	0.54545454545454541	0.55303030303030298	0.56060606060606055	0.56818181818181823	0.5757575757575758	0.58333333333333337	0.59090909090909094	0.59848484848484851	0.60606060606060608	0.61363636363636365	0.62121212121212122	0.62878787878787878	0.63636363636363635	0.64393939393939392	0.65151515151515149	0.65909090909090906	0.66666666666666663	0.6742424242424242	0.68181818181818177	0.68939393939393945	0.69696969696969702	0.70454545454545459	0.71212121212121215	0.71969696969696972	0.72727272727272729	0.73484848484848486	0.74242424242424243	0.75	0.75757575757575757	0.76515151515151514	0.77272727272727271	0.78030303030303028	0.78787878787878785	0.79545454545454541	0.80303030303030298	0.81060606060606055	0.81818181818181823	0.8257575757575758	0.83333333333333337	0.84090909090909094	0.84848484848484851	0.85606060606060608	0.86363636363636365	0.87121212121212122	0.87878787878787878	0.88636363636363635	0.89393939393939392	0.90151515151515149	0.90909090909090906	0.91666666666666663	0.9242424242424242	0.93181818181818177	0.93939393939393945	0.94696969696969702	0.95454545454545459	0.96212121212121215	0.96969696969696972	0.97727272727272729	0.98484848484848486	0.99242424242424243	1	3.0023094688221709E-2	1.8764434180138567E-2	1.7321016166281754E-2	2.8579676674364896E-2	1.5011547344110854E-2	1.2702078521939953E-2	3.2332563510392612E-2	3.9549653579676672E-2	3.0889145496535798E-2	4.0704387990762127E-2	5.5427251732101619E-2	9.7575057736720552E-2	0.11836027713625866	0.14953810623556582	0.24942263279445728	0.3062933025404157	0.35652424942263278	0.43562355658198615	0.58054272517321015	0.7015011547344111	0.78088914549653576	0.80080831408775976	0.83718244803695152	0.88221709006928406	0.88192840646651272	0.92869515011547343	0.92811778290993074	0.94370669745958424	0.96073903002309469	0.99076212471131642	0.99711316397228633	1	0.99769053117782913	0.98527713625866054	0.97921478060046185	0.95785219399538102	0.95207852193995379	0.93591224018475749	0.93302540415704383	0.91137413394919164	0.88914549653579678	0.87326789838337182	0.86114318706697457	0.8507505773672055	0.82303695150115475	0.81206697459584298	0.79734411085450352	0.77655889145496537	0.77078521939953815	0.74971131639722866	0.71564665127020788	0.71420323325635104	0.68995381062355654	0.65588914549653576	0.65386836027713624	0.63192840646651272	0.59035796766743653	0.559757505773672	0.54618937644341803	0.53204387990762125	0.48181293302540418	0.46680138568129331	0.44226327944572746	0.39665127020785218	0.37211316397228639	0.36027713625866054	0.33400692840646651	0.30744803695150114	0.29763279445727481	0.27742494226327946	0.25837182448036949	0.24538106235565821	0.22892609699769054	0.20207852193995382	0.20929561200923788	0.20900692840646651	0.18013856812933027	0.17378752886836027	0.15675519630484988	0.14520785219399537	0.1374133949191686	9.4688221709006926E-2	8.4584295612009239E-2	0.10536951501154734	0.1180715935334873	8.6605080831408776E-2	8.198614318706697E-2	8.7759815242494224E-2	8.4006928406466508E-2	7.7944572748267896E-2	5.3117782909930716E-2	6.0046189376443418E-2	5.2251732101616627E-2	5.4272517321016164E-2	4.7055427251732104E-2	4.7055427251732104E-2	6.8995381062355657E-2	4.8210161662817552E-2	3.3198614318706694E-2	3.8106235565819858E-2	2.684757505773672E-2	2.8868360277136258E-2	2.8579676674364896E-2	2.9734411085450347E-2	3.5796766743648963E-2	2.3383371824480369E-2	1.2702078521939953E-2	1.4434180138568129E-2	1.3279445727482679E-2	2.8868360277136259E-3	1.5300230946882216E-2	1.0969976905311778E-2	1.6454965357967668E-2	1.8475750577367205E-2	1.3856812933025405E-2	8.6605080831408769E-3	2.3094688221709007E-3	1.7609699769053119E-2	3.7528868360277136E-3	6.3510392609699767E-3	1.8764434180138567E-2	1.7321016166281756E-3	0	2.8868360277136258E-4	1.1547344110854503E-3	3.4642032332563512E-3	1.7321016166281754E-2	9.5265588914549646E-3	0	1.2413394919168591E-2	1.8475750577367205E-2	2.3094688221709007E-3	9.5265588914549646E-3	0.15236363636363637	0.47054545454545454	0.58054272517321015	0.48181293302540418	35% Points	35 % Threshold level

0.13721212121212123	0.50842424242424245	0.35652424942263278	0.36027713625866054	100% Max	Amplitude

0.25084848484848488	0.25084848484848488	1	0	Period	
0	1	1.05	1.05	-0.87121212121212122	-0.86363636363636365	-0.85606060606060608	-0.84848484848484851	-0.84090909090909094	-0.83333333333333337	-0.8257575757575758	-0.81818181818181823	-0.81060606060606055	-0.80303030303030298	-0.79545454545454541	-0.78787878787878785	-0.78030303030303028	-0.77272727272727271	-0.76515151515151514	-0.75757575757575757	-0.75	-0.74242424242424243	-0.73484848484848486	-0.72727272727272729	-0.71969696969696972	-0.71212121212121215	-0.70454545454545459	-0.69696969696969702	-0.68939393939393945	-0.68181818181818177	-0.6742424242424242	-0.66666666666666663	-0.65909090909090906	-0.65151515151515149	-0.64393939393939392	-0.63636363636363635	-0.62878787878787878	-0.62121212121212122	-0.61363636363636365	-0.60606060606060608	-0.59848484848484851	-0.59090909090909094	-0.58333333333333337	-0.5757575757575758	-0.56818181818181823	-0.56060606060606055	-0.55303030303030298	-0.54545454545454541	-0.53787878787878785	-0.53030303030303028	-0.52272727272727271	-0.51515151515151514	-0.50757575757575757	-0.5	-0.49242424242424243	-0.48484848484848486	-0.47727272727272729	-0.46969696969696972	-0.4621212121212121	-0.45454545454545453	-0.44696969696969696	-0.43939393939393939	-0.43181818181818182	-0.42424242424242425	-0.41666666666666669	-0.40909090909090912	-0.40151515151515149	-0.39393939393939392	-0.38636363636363635	-0.37878787878787878	-0.37121212121212122	-0.36363636363636365	-0.35606060606060608	-0.34848484848484851	-0.34090909090909088	-0.33333333333333331	-0.32575757575757575	-0.31818181818181818	-0.31060606060606061	-0.30303030303030304	-0.29545454545454547	-0.2878787878787879	-0.28030303030303028	-0.27272727272727271	-0.26515151515151514	-0.25757575757575757	-0.25	-0.24242424242424243	-0.23484848484848486	-0.22727272727272727	-0.2196969696969697	-0.21212121212121213	-0.20454545454545456	-0.19696969696969696	-0.18939393939393939	-0.18181818181818182	-0.17424242424242425	-0.16666666666666666	-0.15909090909090909	-0.15151515151515152	-0.14393939393939395	-0.13636363636363635	-0.12878787878787878	-0.12121212121212122	-0.11363636363636363	-0.10606060606060606	-9.8484848484848481E-2	-9.0909090909090912E-2	-8.3333333333333329E-2	-7.575757575757576E-2	-6.8181818181818177E-2	-6.0606060606060608E-2	-5.3030303030303032E-2	-4.5454545454545456E-2	-3.787878787878788E-2	-3.0303030303030304E-2	-2.2727272727272728E-2	-1.5151515151515152E-2	-7.575757575757576E-3	0	7.575757575757576E-3	1.5151515151515152E-2	2.2727272727272728E-2	3.0303030303030304E-2	3.787878787878788E-2	4.5454545454545456E-2	5.3030303030303032E-2	6.0606060606060608E-2	6.8181818181818177E-2	7.575757575757576E-2	8.3333333333333329E-2	9.0909090909090912E-2	9.8484848484848481E-2	0.10606060606060606	0.11363636363636363	0.12121212121212122	0.12878787878787878	0.13636363636363635	0.14393939393939395	0.15151515151515152	0.15909090909090909	0.16666666666666666	0.17424242424242425	0.18181818181818182	0.18939393939393939	0.19696969696969696	0.20454545454545456	0.21212121212121213	0.2196969696969697	0.22727272727272727	0.23484848484848486	0.24242424242424243	0.25	0.25757575757575757	0.26515151515151514	0.27272727272727271	0.28030303030303028	0.2878787878787879	0.29545454545454547	0.30303030303030304	0.31060606060606061	0.31818181818181818	0.32575757575757575	0.33333333333333331	0.34090909090909088	0.34848484848484851	0.35606060606060608	0.36363636363636365	0.37121212121212122	0.37878787878787878	0.38636363636363635	0.39393939393939392	0.40151515151515149	0.40909090909090912	0.41666666666666669	0.42424242424242425	0.43181818181818182	0.43939393939393939	0.44696969696969696	0.45454545454545453	0.4621212121212121	0.46969696969696972	0.47727272727272729	0.48484848484848486	0.49242424242424243	0.5	0.50757575757575757	0.51515151515151514	0.52272727272727271	0.53030303030303028	0.53787878787878785	0.54545454545454541	0.55303030303030298	0.56060606060606055	0.56818181818181823	0.5757575757575758	0.58333333333333337	0.59090909090909094	0.59848484848484851	0.60606060606060608	0.61363636363636365	0.62121212121212122	0.62878787878787878	0.63636363636363635	0.64393939393939392	0.65151515151515149	0.65909090909090906	0.66666666666666663	0.6742424242424242	0.68181818181818177	0.68939393939393945	0.69696969696969702	0.70454545454545459	0.71212121212121215	0.71969696969696972	0.72727272727272729	0.73484848484848486	0.74242424242424243	0.75	0.75757575757575757	0.76515151515151514	0.77272727272727271	0.78030303030303028	0.78787878787878785	0.79545454545454541	0.80303030303030298	0.81060606060606055	0.81818181818181823	0.8257575757575758	0.83333333333333337	0.84090909090909094	0.84848484848484851	0.85606060606060608	0.86363636363636365	0.87121212121212122	0.87878787878787878	0.88636363636363635	0.89393939393939392	0.90151515151515149	0.90909090909090906	0.91666666666666663	0.9242424242424242	0.93181818181818177	0.93939393939393945	0.94696969696969702	0.95454545454545459	0.96212121212121215	0.96969696969696972	0.97727272727272729	0.98484848484848486	0.99242424242424243	1	1.0075757575757576	1.0151515151515151	1.0227272727272727	1.0303030303030303	1.0378787878787878	1.0454545454545454	1.053030303030303	1.0606060606060606	1.0681818181818181	1.0757575757575757	1.0833333333333333	1.0909090909090908	1.0984848484848484	1.106060606060606	1.1136363636363635	1.1212121212121211	1.1287878787878789	1.1363636363636365	1.143939393939394	1.1515151515151516	1.1590909090909092	1.1666666666666667	1.1742424242424243	1.1818181818181819	1.1893939393939394	1.196969696969697	1.2045454545454546	1.2121212121212122	1.2196969696969697	1.2272727272727273	1.2348484848484849	1.2424242424242424	1.25	1.2575757575757576	1.2651515151515151	1.2727272727272727	1.2803030303030303	1.2878787878787878	1.2954545454545454	1.303030303030303	1.3106060606060606	1.3181818181818181	1.3257575757575757	1.3333333333333333	1.3409090909090908	1.3484848484848484	1.356060606060606	1.3636363636363635	1.3712121212121211	1.3787878787878789	1.3863636363636365	1.393939393939394	1.4015151515151516	1.4090909090909092	1.4166666666666667	1.4242424242424243	1.4318181818181819	1.4393939393939394	1.446969696969697	1.4545454545454546	1.4621212121212122	1.4696969696969697	1.4772727272727273	1.4848484848484849	1.4924242424242424	1.5	1.5075757575757576	1.5151515151515151	1.5227272727272727	1.5303030303030303	1.5378787878787878	1.5454545454545454	1.553030303030303	1.5606060606060606	1.5681818181818181	1.5757575757575757	1.5833333333333333	1.5909090909090908	1.5984848484848484	1.606060606060606	1.6136363636363635	1.6212121212121211	1.6287878787878789	1.6363636363636365	1.643939393939394	1.6515151515151516	1.6590909090909092	1.6666666666666667	1.6742424242424243	1.6818181818181819	1.6893939393939394	1.696969696969697	1.7045454545454546	1.7121212121212122	1.7196969696969697	1.7272727272727273	1.7348484848484849	1.7424242424242424	1.75	1.7575757575757576	1.7651515151515151	1.7727272727272727	1.7803030303030303	1.7878787878787878	1.7954545454545454	1.803030303030303	1.8106060606060606	1.8181818181818181	1.8257575757575757	1.8333333333333333	1.8409090909090908	1.8484848484848484	1.856060606060606	1.8636363636363635	1.8712121212121211	1.8787878787878789	1.8863636363636365	1.893939393939394	1.9015151515151516	1.9090909090909092	1.9166666666666667	1.9242424242424243	1.9318181818181819	1.9393939393939394	1.946969696969697	1.9545454545454546	1.9621212121212122	1.9696969696969697	1.9772727272727273	1.9848484848484849	1.9924242424242424	2	2.0075757575757578	2.0151515151515151	2.0227272727272729	2.0303030303030303	2.0378787878787881	2.0454545454545454	2.0530303030303032	2.0606060606060606	2.0681818181818183	2.0757575757575757	2.0833333333333335	2.0909090909090908	2.0984848484848486	2.106060606060606	2.1136363636363638	2.1212121212121211	2.1287878787878789	2.1363636363636362	2.143939393939394	2.1515151515151514	2.1590909090909092	2.1666666666666665	2.1742424242424243	2.1818181818181817	2.1893939393939394	2.1969696969696968	2.2045454545454546	2.2121212121212119	2.2196969696969697	2.2272727272727271	2.2348484848484849	2.2424242424242422	2.25	2.2575757575757578	2.2651515151515151	2.2727272727272729	2.2803030303030303	2.2878787878787881	2.2954545454545454	2.3030303030303032	2.3106060606060606	2.3181818181818183	2.3257575757575757	2.3333333333333335	2.3409090909090908	2.3484848484848486	2.356060606060606	2.3636363636363638	2.3712121212121211	2.3787878787878789	2.3863636363636362	2.393939393939394	2.4015151515151514	2.4090909090909092	2.4166666666666665	2.4242424242424243	2.4318181818181817	2.4393939393939394	2.4469696969696968	2.4545454545454546	2.4621212121212119	2.4696969696969697	2.4772727272727271	2.4848484848484849	2.4924242424242422	2.5	2.5075757575757578	2.5151515151515151	2.5227272727272729	2.5303030303030303	2.5378787878787881	2.5454545454545454	2.5530303030303032	2.5606060606060606	2.5681818181818183	2.5757575757575757	2.5833333333333335	2.5909090909090908	2.5984848484848486	2.606060606060606	2.6136363636363638	2.6212121212121211	2.6287878787878789	2.6363636363636362	2.643939393939394	2.6515151515151514	2.6590909090909092	2.6666666666666665	2.6742424242424243	2.6818181818181817	2.6893939393939394	2.6969696969696968	2.7045454545454546	2.7121212121212119	2.7196969696969697	2.7272727272727271	2.7348484848484849	2.7424242424242422	2.75	2.7575757575757578	2.7651515151515151	2.7727272727272729	2.7803030303030303	2.7878787878787881	2.7954545454545454	2.8030303030303032	2.8106060606060606	2.8181818181818183	2.8257575757575757	2.8333333333333335	2.8409090909090908	2.8484848484848486	2.856060606060606	2.8636363636363638	2.8712121212121211	2.8787878787878789	2.8863636363636362	2.893939393939394	2.9015151515151514	2.9090909090909092	2.9166666666666665	2.9242424242424243	2.9318181818181817	2.9393939393939394	2.9469696969696968	2.9545454545454546	2.9621212121212119	2.9696969696969697	2.9772727272727271	2.9848484848484849	2.9924242424242422	3	3.0075757575757578	3.0151515151515151	3.0227272727272729	3.0303030303030303	3.0378787878787881	3.0454545454545454	3.0530303030303032	3.0606060606060606	3.0681818181818183	3.0757575757575757	3.0833333333333335	3.0909090909090908	3.0984848484848486	3.106060606060606	0.15935334872979215	0.23845265588914549	0.32736720554272519	0.3787528868360277	0.47084295612009236	0.58747113163972287	0.73296766743648956	0.79012702078521935	0.84035796766743653	0.87240184757505779	0.90069284064665123	0.91079676674364896	0.93071593533487296	0.93995381062355654	0.95698614318706698	0.97892609699769051	1.0046189376443417	1.0225173210161662	1.0138568129330254	1.0300230946882216	1.0187644341801385	1.0167436489607391	0.9962471131639723	0.96997690531177827	0.96218244803695152	0.95323325635103928	0.95034642032332561	0.92754041570438794	0.89809468822170901	0.8986720554272517	0.87846420323325636	0.85363741339491916	0.85219399538106233	0.85536951501154734	0.82938799076212466	0.78521939953810627	0.75519630484988454	0.76818706697459582	0.74884526558891451	0.71564665127020788	0.68273672055427248	0.66224018475750579	0.65155889145496537	0.61085450346420322	0.62297921478060048	0.60017321016166281	0.56957274826789839	0.53319861431870674	0.48614318706697457	0.48354503464203236	0.44428406466512704	0.41310623556581988	0.37066974595842955	0.3625866050808314	0.36836027713625868	0.34670900692840645	0.33602771362586603	0.32592378752886836	0.30340646651270209	0.27598152424942263	0.26674364896073904	0.23325635103926096	0.22546189376443418	0.21795612009237875	0.21045034642032331	0.18215935334872979	0.18013856812933027	0.1651270207852194	0.16021939953810624	0.16397228637413394	0.13250577367205543	0.14520785219399537	0.13827944572748269	0.10825635103926097	9.1801385681293299E-2	0.11431870669745958	0.11605080831408776	8.8625866050808313E-2	8.8625866050808313E-2	0.10710161662817552	8.4872979214780597E-2	9.6997690531177835E-2	9.237875288683603E-2	7.9676674364896075E-2	7.7078521939953806E-2	7.6789838337182448E-2	9.8729792147806E-2	6.4665127020785224E-2	5.5715935334872978E-2	5.7448036951501157E-2	6.6397228637413389E-2	5.9468822170900694E-2	5.1674364896073903E-2	5.369515011547344E-2	5.5715935334872978E-2	5.5427251732101619E-2	4.9942263279445724E-2	3.4353348729792149E-2	1.8187066974595843E-2	3.7528868360277134E-2	4.0993071593533485E-2	4.4457274826789836E-2	2.8002309468822172E-2	2.3672055427251731E-2	2.0207852193995381E-2	3.4353348729792149E-2	5.4849884526558888E-2	3.3198614318706694E-2	1.5011547344110854E-2	2.6558891454965358E-2	2.7424942263279444E-2	2.3672055427251731E-2	2.9734411085450347E-2	1.8764434180138567E-2	2.107390300230947E-2	3.0023094688221709E-2	1.8764434180138567E-2	1.7321016166281754E-2	2.8579676674364896E-2	1.5011547344110854E-2	1.2702078521939953E-2	3.2332563510392612E-2	3.9549653579676672E-2	3.0889145496535798E-2	4.0704387990762127E-2	5.5427251732101619E-2	9.7575057736720552E-2	0.11836027713625866	0.14953810623556582	0.24942263279445728	0.3062933025404157	0.35652424942263278	0.43562355658198615	0.58054272517321015	0.7015011547344111	0.78088914549653576	0.80080831408775976	0.83718244803695152	0.88221709006928406	0.88192840646651272	0.92869515011547343	0.92811778290993074	0.94370669745958424	0.96073903002309469	0.99076212471131642	0.99711316397228633	1	0.99769053117782913	0.98527713625866054	0.97921478060046185	0.95785219399538102	0.95207852193995379	0.93591224018475749	0.93302540415704383	0.91137413394919164	0.88914549653579678	0.87326789838337182	0.86114318706697457	0.8507505773672055	0.82303695150115475	0.81206697459584298	0.79734411085450352	0.77655889145496537	0.77078521939953815	0.74971131639722866	0.71564665127020788	0.71420323325635104	0.68995381062355654	0.65588914549653576	0.65386836027713624	0.63192840646651272	0.59035796766743653	0.559757505773672	0.54618937644341803	0.53204387990762125	0.48181293302540418	0.46680138568129331	0.44226327944572746	0.39665127020785218	0.37211316397228639	0.36027713625866054	0.33400692840646651	0.30744803695150114	0.29763279445727481	0.27742494226327946	0.25837182448036949	0.24538106235565821	0.22892609699769054	0.20207852193995382	0.20929561200923788	0.20900692840646651	0.18013856812933027	0.17378752886836027	0.15675519630484988	0.14520785219399537	0.1374133949191686	9.4688221709006926E-2	8.4584295612009239E-2	0.10536951501154734	0.1180715935334873	8.6605080831408776E-2	8.198614318706697E-2	8.7759815242494224E-2	8.4006928406466508E-2	7.7944572748267896E-2	5.3117782909930716E-2	6.0046189376443418E-2	5.2251732101616627E-2	5.4272517321016164E-2	4.7055427251732104E-2	4.7055427251732104E-2	6.8995381062355657E-2	4.8210161662817552E-2	3.3198614318706694E-2	3.8106235565819858E-2	2.684757505773672E-2	2.8868360277136258E-2	2.8579676674364896E-2	2.9734411085450347E-2	3.5796766743648963E-2	2.3383371824480369E-2	1.2702078521939953E-2	1.4434180138568129E-2	1.3279445727482679E-2	2.8868360277136259E-3	1.5300230946882216E-2	1.0969976905311778E-2	1.6454965357967668E-2	1.8475750577367205E-2	1.3856812933025405E-2	8.6605080831408769E-3	2.3094688221709007E-3	1.7609699769053119E-2	3.7528868360277136E-3	6.3510392609699767E-3	1.8764434180138567E-2	1.7321016166281756E-3	0	2.8868360277136258E-4	1.1547344110854503E-3	3.4642032332563512E-3	1.7321016166281754E-2	9.5265588914549646E-3	0	1.2413394919168591E-2	1.8475750577367205E-2	2.3094688221709007E-3	9.5265588914549646E-3	1.7609699769053119E-2	2.3094688221709007E-3	1.6454965357967668E-2	2.9734411085450347E-2	3.0600461893764433E-2	6.2933025404157045E-2	8.429561200923788E-2	0.12038106235565819	0.14722863741339492	0.19486143187066973	0.27165127020785218	0.33429561200923785	0.43013856812933027	0.56062355658198615	0.68389145496535797	0.74278290993071594	0.79301385681293302	0.83054272517321015	0.84613163972286376	0.87557736720554269	0.90242494226327941	0.91079676674364896	0.94053117782909934	0.97430715935334877	0.98181293302540418	0.98903002309468824	0.9875866050808314	0.9875866050808314	0.96939953810623558	0.98412240184757505	0.97286374133949194	0.94428406466512704	0.91945727482678985	0.91397228637413397	0.92696304849884525	0.92090069284064668	0.89607390300230949	0.88394919168591224	0.8513279445727483	0.81726327944572752	0.80080831408775976	0.77396073903002305	0.76818706697459582	0.72979214780600465	0.72228637413394914	0.72603926096997695	0.69370669745958424	0.67551963048498842	0.65762124711316394	0.62990762124711319	0.63596997690531176	0.60536951501154734	0.56755196304849886	0.55340646651270209	0.51039260969976907	0.48123556581986143	0.47257505773672054	0.45265588914549654	0.40790993071593534	0.35623556581986143	0.33949191685912239	0.32967667436489606	0.29647806004618937	0.28724018475750579	0.27973441108545033	0.27338337182448036	0.25173210161662818	0.23672055427251731	0.22719399538106236	0.19255196304849884	0.18418013856812934	0.171189376443418	0.16657043879907621	0.15762124711316397	0.14665127020785218	0.13192840646651272	0.12153579676674364	0.10739030023094688	8.5450346420323328E-2	9.4399538106235567E-2	8.198614318706697E-2	7.5635103926097E-2	5.6870669745958433E-2	5.6581986143187067E-2	5.889145496535797E-2	4.2725173210161664E-2	4.9076212471131642E-2	4.6766743648960739E-2	2.8868360277136258E-2	3.6374133949191687E-2	3.9838337182448037E-2	4.2436489607390299E-2	4.4168591224018477E-2	4.1570438799076209E-2	2.9734411085450347E-2	1.2990762124711317E-2	2.4249422632794459E-2	2.3383371824480369E-2	1.9919168591224019E-2	2.3960739030023093E-2	2.1939953810623556E-2	1.1836027713625866E-2	1.6454965357967668E-2	1.3856812933025405E-2	1.8764434180138567E-2	9.2378752886836026E-3	8.6605080831408769E-3	2.8868360277136259E-3	1.674364896073903E-2	2.4826789838337183E-2	8.9491916859122406E-3	1.4722863741339492E-2	2.3960739030023093E-2	2.5115473441108545E-2	1.3568129330254041E-2	-2.5981524249422631E-3	-6.0623556581986147E-3	1.5011547344110854E-2	1.4722863741339492E-2	1.8187066974595843E-2	1.7321016166281754E-2	2.5981524249422631E-3	-2.5981524249422631E-3	1.010392609699769E-2	-8.660508083140878E-4	2.3383371824480369E-2	2.1651270207852194E-2	8.6605080831408769E-3	6.3510392609699767E-3	1.3568129330254041E-2	2.2517321016166283E-2	1.7898383371824481E-2	2.9445727482678985E-2	6.3510392609699776E-2	0.10796766743648961	0.11633949191685912	0.14780600461893764	0.22517321016166281	0.30282909930715934	0.34872979214780603	0.41166281755196305	0.56610854503464203	0.73152424942263283	0.78088914549653576	0.80196304849884525	0.83198614318706698	0.85594688221709003	0.88135103926097003	0.90675519630484991	0.91079676674364896	0.92811778290993074	0.96304849884526555	0.97921478060046185	1	0.98354503464203236	0.97257505773672059	0.95727482678983833	0.940242494226328	0.92898383371824478	0.92551963048498842	0.914838337182448	0.90588914549653576	0.90098152424942268	0.88106235565819857	0.85103926096997695	0.84237875288683606	0.8221709006928406	0.80571593533487296	0.79734411085450352	0.77511547344110854	0.77655889145496537	0.74538106235565815	0.72950346420323331	0.70612009237875284	0.67032332563510388	0.64780600461893767	0.63885681293302543	0.61662817551963045	0.59237875288683606	0.58573903002309469	0.5603348729792148	0.51934180138568131	0.4636258660508083	0.44081986143187069	0.41310623556581988	0.39953810623556579	0.35565819861431869	0.35998845265588914	0.34613163972286376	0.31524249422632794	0.28781755196304848	0.27107390300230949	0.26530023094688221	0.23469976905311779	0.22777136258660508	0.21016166281755197	0.20583140877598152	0.18071593533487298	0.17032332563510394	0.15964203233256352	0.13019630484988454	0.10710161662817552	0.10132794457274827	9.4688221709006926E-2	7.5923787528868358E-2	7.9965357967667433E-2	7.1593533487297925E-2	5.4272517321016164E-2	3.78175519630485E-2	4.8210161662817552E-2	4.3879907621247112E-2	4.1570438799076209E-2	4.1859122401847575E-2	3.7240184757505776E-2	3.9549653579676672E-2	2.9445727482678985E-2	2.5115473441108545E-2	2.4249422632794459E-2	1.0681293302540416E-2	1.1836027713625866E-2	1.8187066974595843E-2	6.3510392609699767E-3	7.7944572748267901E-3	-4.9076212471131642E-3	4.0415704387990765E-3	3.7528868360277136E-3	-8.6605080831408769E-3	8.660508083140878E-4	-6.0623556581986147E-3	7.7944572748267901E-3	9.5265588914549646E-3	-4.6189376443418013E-3	2.8868360277136259E-3	-1.0392609699769052E-2	-1.5877598152424944E-2	-2.7136258660508082E-2	-2.1651270207852194E-2	-1.5011547344110854E-2	-1.5011547344110854E-2	-1.2702078521939953E-2	-1.9053117782909929E-2	-1.1547344110854503E-3	-7.7944572748267901E-3	-1.1547344110854503E-3	-1.6454965357967668E-2	-2.5404157043879907E-2	-7.5057736720554272E-3	-5.1963048498845262E-3	-8.0831408775981529E-3	-1.9630484988452657E-2	-1.3568129330254041E-2	-1.9341801385681295E-2	-1.9919168591224019E-2	-1.558891454965358E-2	-2.0785219399538105E-2	-2.3383371824480369E-2	-1.0969976905311778E-2	-7.7944572748267901E-3	6.0623556581986147E-3	6.0623556581986147E-3	1.0392609699769052E-2	4.5034642032332567E-2	7.3036951501154732E-2	7.9099307159353344E-2	0.1111431870669746	0.18475750577367206	0.25230946882217092	0.3187066974595843	0.40906466512702078	0.52540415704387988	0.65906466512702078	0.73469976905311773	0.77136258660508084	0.79272517321016167	0.8184180138568129	0.87182448036951499	0.87557736720554269	0.88856812933025409	Time  
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