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Can experts identify “open throat” technique as a perceptual 
phenomenon?
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Singing pedagogues have identifi ed ‘open throat’ as a widely used pedagogical tool in the singing studio and a critical 
technique to achieve good classical vocal quality. This study is the fi rst to assess the perceptual validity of open throat. 
Fifteen expert singing pedagogues assessed 48 messa di voce and 24 song samples with six repeats of six advanced 
singing students under two conditions: ‘optimal’ (O), representing use of maximal open throat technique and ‘subop-
timal’ (SO), representing reduced open throat. Correctly identifi ed responses were counted by condition (O/SO), by 
judge and by singer. Data were analyzed using Cohen’s Kappa. Hypotheses that correct identifi cation would be greater 
than chance were confi rmed for both messa di voce and the song samples, with thirteen of the fi fteen judges correctly 
identifying 82.7% of song samples as O or SO. Singers’ self-ratings attributed their best singing to maximal use of 
open throat technique. These results indicate that listeners are consistent in making a dichotomous choice in identify-
ing use of a singing technique through auditory-perceptual evaluation. The fi ndings from this study suggest that there 
is a sound quality associated with the use of open throat technique, which is a perceptual reality to singing pedagogues 
and singers and that the specifi c vocal quality in classical singing that it produces can be reliably identifi ed by expert 
listeners. If singers and expert listeners’ of singing accord, focussing future research on specifi c singing techniques 
could enhance singing pedagogy.
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INTRODUCTION

In this paper, we report the fi rst study to assess the 
perceptual validity of a specifi c singing technique 
– open throat (OT) – as taught in today’s singing 
studio. Previous perceptual studies (Ekholm, Pa-
pagiannis, & Chagnon, 1998; Mendes, Rothman, 
Sapienza, & Brown, 2003; Robison, Bounous, & 
Bailey, 1994; Vurma & Ross, 2000; Wapnick & 
Ekholm, 1997) have demonstrated that singing 
improves over time and through training but have 
not identifi ed specifi c components of the training 
that produce improvements in vocal quality and 
thus add little to the singing pedagogical literature. 
In order to evaluate the contribution of one sing-
ing technique (OT), we have assessed the acoustic 
aspects of voice quality produced with and with-
out this technique and the perceptual impressions 
of listeners, fi rstly their capacity to identify voices 
that used the technique and then to describe the 
vocal quality produced.

Open Throat Technique (OT)

The term “open throat” occurs frequently in the 

vocal pedagogy literature (Burgin, 1973; Fields, 
1947; Monahan, 1978). It is defi ned as a complex 
process that is both a pedagogical instruction and 
a perceived sensation or action that results in a 
specifi c sound quality. Current support for the use 
of OT in singing technique is widespread (Miller, 
1996; Reid, 1975, 1983). When OT is used, peda-
gogues perceive the sound as resonant (Miller, 
1996; Vennard, 1968), round, (Joiner, 1998), free 
(Ware, 1998), pure, (Marafi oti, 1981) rich and 
warm (McKinney, 1982). The sound quality is 
attributed to freedom from ‘constrictor tensions’ 
(Reid, 1983, p. 83). In the pedagogical literature, 
the sound quality attributed to open throat is linked 
to the preparation to sing, on inhalation (Hemsley, 
1998; Manèn, 1987; Miller, 1997a, 1997b) through 
the surprise breath or smelling the rose imagery 
(Hemsley, 1998; Miller, 1996; Puritz, 1956) and 
visualizing space within the throat, through an 
‘air-ball’ or ‘soap bubble’ (Herbert-Caesari, 1951; 
Manèn, 1987) to achieve the posture of OT.

The technique of OT is a pedagogical concept 
transmitted through the oral tradition of singing. 
Mitchell, Kenny, Ryan & Davis (2003) assessed 
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current pedagogical practices and perceptions of 
OT. They noted that expert singing pedagogues 
identifi ed OT as a critical technique in vocal pro-
duction of classical singing. Despite the use of dif-
ferent terminology to describe the technique (such 
as freedom, collar and retraction), OT was defi ned 
by these pedagogues as a technique to maximize 
pharyngeal space and/or abduct the ventricular 
folds. There was consistency in the vocal instruc-
tions to achieve it. Pedagogues teach conscious 
control of OT using laugh, sob, correct inhalation 
or maintaining the posture of inhalation. They con-
sistently reported a perceptually distinctive sound 
quality as a result of mastery of this technique and 
described their perception of the fi nal sound qual-
ity as balanced, coordinated, free, even, consist-
ent, warm and open.

Hypotheses generated from pedagogical beliefs 
and practices derived in the fi rst study on OT were 
subsequently tested acoustically by Mitchell and 
Kenny (2004b) who compared the use of open 
throat technique (optimal, O) to a reduction of the 
technique (sub-optimal, SO) using female classi-
cal singers. Reduced OT resulted in signifi cant re-
ductions in vibrato extent and increases in vibrato 
onset time but no change to vibrato rate between 
the two conditions. These singers relied on OT to 
produce acceptable vibrato parameters. However, 
according to the literature, inappropriate vibrato 
is indicative of poor singing in general; therefore 
further acoustic tests were required to test the dif-
ferences in timbre. Visual inspection of long term 
average spectra (LTAS) confi rmed differences be-
tween O and SO for each singer, and the O con-
dition produced a rounder peak between 0-2 kHz 
indicating a warmer sound quality compared to 
SO. Despite these fi ndings, LTAS did not demon-
strate signifi cant differences between SO and O 
in conventional measures performed on long term 
average spectra energy peak height [singing pow-
er ratio (Omori, Kacker, Carroll, Riley, & Blau-
grund, 1996)] and energy peak area [energy ratio 
(Thorpe, Cala, Chapman, & Davis, 2001)].

Technology to measure voice acoustically has 
become more sophisticated and is used increas-
ingly in experimental voice research, the fi ndings 
of which are now being incorporated into texts 
on singing (Miller, 1996; Nair, 1999; Sundberg, 
1977; Thurman & Welch, 2000). To date, research 
into the singing voice has described acoustic prop-
erties of voice and its visual representation with 
few or no links to pedagogical descriptors or per-
ceptual judgments. The implications of acoustic 
studies of the singing voice within singing lit-

erature and pedagogy are diffi cult to ascertain, 
since most studies do not assess acoustically or 
perceptually the vocal strategies used in the sing-
ing studio (Foulds-Elliott, Thorpe, Cala, & Davis, 
2000; Thorpe et al., 2001). Indeed, few studies 
link acoustic fi ndings with perceptual judgments 
(Ekholm et al., 1998) or discuss their pedagogical 
implications (Callaghan, 2000; Miller, 1998).

This study seeks to provide stronger links be-
tween empirical research and singing pedagogy, 
and recognises the importance of singing peda-
gogues in this enterprise.

Perceptual Studies

Perceptual evaluation of musical performance is 
important for a number of reasons. Opera singers, 
their teachers and audiences are primarily inter-
ested in how the voice sounds and use the sensory 
information derived from listening as the prima-
ry basis for determining the quality of the sound 
(Kitch & Oates, 1994). Despite recent advances 
in the physiological and acoustic measurement 
of voice, “…voice quality is fundamentally per-
ceptual in nature” (Kreiman, Gerratt, Kempster, 
Erman, & Berke, 1993, p. 21). The auditory-per-
ceptual aspects of a voice represent a psychologi-
cal reality for both the singer and the listener and 
have the potential to provide a common terminol-
ogy for ease of communication between singers, 
their teachers, and clinicians. Development of a 
reliable and valid method of communicating one’s 
perception has signifi cant implications. For ex-
ample, audience appreciation ensures continuing 
engagement of performers; expert listeners adju-
dicate examinations, auditions and other competi-
tions, acts which may seal the fate of performing 
artists. Because such evaluations can have signifi -
cant impacts on musical careers, it is important 
to establish whether listeners are reliable in their 
judgments, both in comparison to other listeners 
and across time. 

Research indicates that listeners show some de-
gree of reliability and consistency in their percep-
tual judgments of timbre, between vocal genres 
(from opera to music theatre) (Sundberg, Gram-
ming, & Lovetri, 1993), and between good and 
poor vocal and instrumental performance (Ekholm 
et al., 1998; Geringer & Madsen, 1998; Saunders 
& Holahan, 1997; Wapnick, Flowers, Alegant, & 
Jasinskas, 1993), in the assessment of excellence 
in overall voice quality (Wapnick & Ekholm, 
1997) and in rankings and ratings of performers 
in competitive situations (Davidson & Da Costa 
Coimbra, 2001).
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Recent evidence indicates that judges initially 
assess the performance as a whole before ‘justi-
fying’ their ranking by assessing specifi c criteria 
(Stanley, Brooker, & Gilbert, 2002). Judges do 
acknowledge, however, that providing them with 
specifi c criteria focuses their assessment on certain 
elements of performance and that this provides the 
basis for useful, specifi c feedback to students. 

Perceptual studies of vocal quality generally re-
quire listeners to focus on specifi c vocal dimen-
sions, rather than, or as well as, making an overall 
judgement. Focusing listeners by using a number of 
rating criteria improves the consistency of judges’ 
responses (Wapnick et al., 1993). However, analy-
sis of available rating scales that request listeners 
to make several judgments of vocal quality reveal 
that these specifi c dimensions may all be tapping 
into a single underlying construct, that of vocal 
quality, thereby rendering individual assessments 
on each dimension at least partially redundant. For 
example, a number of researchers (Ekholm et al., 
1998; Robison et al., 1994; Wapnick & Ekholm, 
1997) have found very high correlations between 
all dimensions of voice quality studied, (for ex-
ample, “appropriate vibrato”, “resonance/ring”, 
“color/warmth”, and “clarity/focus”). All of these 
dimensions were found to converge with the over-
all judgement of vocal quality.

There are, of course, other limits to the accu-
racy of perceptual judgements. Perceptual stud-
ies produce an unnatural assessment setting for 
teachers and assessors of singing. Listeners have 
commented on their diffi culty in assessing sing-
ing when the duration of the sample is insuffi cient 
(Ekholm et al., 1998). In forced choice situations 
in which listeners are asked to make dichotomous 
choices, listeners can reliably make gross judg-
ments such as identifying girl from boy singers 
(Howard, Szymanski, & Welch, 2002). However, 
listeners could not identify singers from speakers 
during speaking rather than singing tasks (Brown, 
Rothman, Morris, & Sapienza, 2001; Brown, 
Rothman, & Sapienza, 2000), or the same sing-
ers singing at different pitches throughout their 
singing range (Erickson, 2003; Erickson & Perry, 
2003). This lack of identifi cation may have been 
due to the variability in the stimuli rather than a 
lack of sensitivity in the listeners, and these issues 
are addressed in the design of this study. 

Perceptual identifi cation of open throat

To date, there has been no research that assesses 
the sound qualities associated with particular vo-
cal techniques. In Western classical singing, the 

focus remains on the overall good sound quality 
(Davidson & Da Costa Coimbra, 2001) whereas 
pedagogical literature focuses on mastery of a 
wide variety of techniques to achieve this fi nal 
sound (Miller, 1998; Stark, 1999).

In this study, we investigated the perceptual sig-
nifi cance of ‘open throat’ technique by compar-
ing the same female classical singers when they 
consciously used maximum open throat technique 
and reduced open throat technique in their singing 
of messa di voce (a crescendo-diminuendo on a 
single note of long duration), a classical song and 
a romantic lied. The aim of the study was to assess 
expert pedagogues’ perception of OT technique in 
singing, to explore its acoustic correlates, and to 
assess the degree of agreement between percep-
tual and acoustic factors.

METHOD

Participants

Listeners
Listeners were 15 experienced singing peda-

gogues, 12 females and 3 males aged between 
37 and 76 with a mean of 54 years. Six partici-
pants had a postgraduate qualifi cation in sing-
ing, fi ve had a diploma of music or singing, and 
three a bachelor degree in music. One cited exten-
sive international performing experience as their 
qualifi cation in singing. All had taught singing 
for 4 to 40 years, with an average for 20 years. 
Thirteen of fi fteen participants taught singers in a 
Conservatorium of Music. Overall, participants’ 
singing studios comprised an average of 39.5% 
of operatic students and 36.7% classical students. 
For 11 pedagogues, the majority of their studio 
comprised these two genres. Six pedagogues also 
taught ≥20% of musical theatre students in their 
studio. Eleven taught a proportion of international 
and national level singers, nine at big city or re-
gional/touring and eight at local community level. 
Participants were either known to the researchers 
via affi liations with key music centres in Australia 
or volunteered in response to an advertisement in 
a national singing organization newsletter. Partici-
pants were sent information about the project and 
were invited to take part in a perceptual study of 
singing technique. They were required to partici-
pate in a single listening session at a time and lo-
cation convenient to them.

Prior to commencement, participants completed 
a questionnaire regarding their musical and teach-
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ing experience and current singing studio. Each 
participant was asked for demographic informa-
tion and to classify their singing studio according 
to their students’ performing levels and singing 
styles (Bunch & Chapman, 2000). 

Singers
Six female singers, three sopranos and three 

mezzo-sopranos volunteered to participate in this 
project. They were advanced students with excel-
lent technique studying with an experienced singing 
pedagogue, a Lecturer in Vocal Studies and Opera 
at a state Conservatorium of Music in Australia. 
This institution is considered the premier institu-
tion for musical education in the country, having 
produced several singers of international repute. 
Criteria for participant selection included, through 
this pedagogue’s assessment, singers who: (1) had 
a good classical singing technique for their level 
of training and experience; and (2) understood 
and demonstrated skilful control of ‘open throat’ 
or ‘retraction’ techniques in their singing. Singers 
were sent information about the project and were 
required to attend a single recording session. They 
were told that the object of the study was to inves-
tigate acoustical and perceptual features of the use 
of open throat in singing.

Prior to the voice recording, participants com-
pleted a questionnaire. Singer participants were 
aged between 23 and 30, with a mean of 26 years. 
All had studied singing for at least 7 years (aver-
age 9.8 years) and had spent an average of 5 years 
studying with their present singing teacher. Each 
singer held a qualifi cation in singing or music 
(four had Bachelor of Music degrees and two had 
diplomas, in music and/or singing) and 5 of 6 were 
currently undertaking a second degree in singing 
(3 postgraduate Diploma of Opera and 2 Bachelor 
of Music degrees). All defi ned the majority of their 
singing as operatic (>50%), with the second most 
common style classical (>20%) (Bunch & Chap-
man, 2000). All reported that they were in good 
health and able to perform the tasks.

Singer Protocol

The Musical Tasks
Three musical tasks were chosen in order to test 

different demands of good singing, but were not 
musically diffi cult. They were designed to test the 
use of open throat, and contained musical features 
derived from a previous qualitative study on the 
use of the technique (Mitchell et al., 2003), where 
use or lack of the technique was deemed to be 
particularly valuable or noticeable. These features 

were: high tessitura, sustained or legato singing, 
dynamic range control, and vocal agility.

The messa di voce, a crescendo-diminuendo 
on a single note is a tool for accomplishing and 
maintaining uniform timbre throughout the sing-
ing range (Miller, 1996). The singers sang three 
messe di voce across their passagio beginning with 
pitches determined by their voice type, soprano or 
mezzo soprano (A4, G4, G-fl at4).

The Mozart song Ridente la Calma, K 152, bars 
1-27 (Figure 1a) was selected as it is a nominally 
simple song in the Italian language (Wapnick & 
Ekholm, 1997) with a mixture of common musi-
cal statements involving repeated legato lines as 
well as the initial stylised leaps of a major 4, and 
short scale fi gures. All 6 singers sang this aria in 
the same key (F major).

The third verse of the Schubert lied, Du bist die 
Ruh D. 776 (Op. 59, No. 3) (Figure 1b), bars 54 
to 80 was chosen for its demanding vocal control, 
sustained musical line and high climactic tessitu-
ra. The three sopranos and 3 mezzo-sopranos sang 
this in an appropriate key depending on voice type 
(E-fl at, D-fl at and C major).

Experimental conditions
Singers sang each of the two song excerpts un-

der three conditions: optimal, sub-optimal and 
loud sub-optimal. ‘Optimal’ (O) provided the best 
possible sound quality the singer could produce 
using their best open throat technique. ‘Sub-opti-
mal’ (SO) condition involved the use of a reduced 
(open throat) technique but still with an acceptable 
singing technique and without consciously alter-
ing any other aspect of their technique. The loud 

Figure 1a: First 7 bars used as perceptual stimuli 
of Mozart song Ridente la Calma, K 152.
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Figure 1b: Bars 54 to 60 used as perceptual stimuli 
of the Schubert lied, Du bist die Ruh D. 776 (Op. 
59, No. 3).
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sub-optimal condition provided additional acous-
tic information discussed in earlier papers (Kenny 
& Mitchell, in press; Mitchell & Kenny, 2004a, 
2004b). 

Each task was performed twice in the O and SO 
conditions. On completion of each O and SO con-
dition in each task, participants were asked to self-
rate their singing on a 10 cm visual analogue scale 
(VAS) for ‘openness’ and ‘my best singing’. Each 
singer completed six of these descriptive self-rat-
ing scales.

Reliability check

A pedagogue was present during the recording 
sessions to provide accompaniment for warm-ups 
and practice of the tasks where necessary. Prior 
to the commencement of the study, the students 
and the pedagogue had several practice sessions 
in which the singer was instructed to use either O 
or SO at random. The pedagogue indicated which 
version she thought the singer had used. Practice 
with each singer continued until both the singer 
and the pedagogue reached 100% agreement on 
the occasions that the technique was applied or 
reduced.

Recording

The voice was recorded using a high-quality mi-
crophone (AKG C-477) positioned on a head boom 
a constant 7 cm distance from the singer’s lips. 
This ensured that direct energy of the performers’ 
voices was recorded rather than room refl ections, 
enabling us to use a studio environment with low 
ambient noise rather than an anechoic studio (Ca-
brera, Davis, Barnes, Jacobs, & Bell, 2002). The 
signal was then amplifi ed using a Behringer Ul-
tragain preamplier and digitally recorded to a CD 
recorder (Marantz CDR 630).

Calibration was carried out in each recording by 
playing pink noise samples immediately follow-
ing each recording session at the same recording 
gain used for recording the singer’s voice. For cal-
ibration of absolute sound pressure levels (SPL), a 
sound level meter (Rion NL-06 SPL) was placed 
adjacent to the AKG microphone 7 cm from a 
speaker (Bose Lifestyle) from which the pink 
noise was played. The SPL shown on the sound 
level meter was noted for the pink noise signal and 
used later for calibration.

Pink noise enables calibration of an audio play-
back system across the frequency range for tasks 
such as perceptual testing and comparative analy-
sis on a computer. Pink noise is at least as good as 

any other steady-state known signal. A pure sine 
wave tone is more susceptible to interference in 
the environment, and hence would give less re-
peatable results.

This data set was used as a basis for perceptual 
and acoustic evaluations.

Perceptual Test

Stimuli
The audio recordings of the singers were digit-

ally extracted from CD using Audiograbber soft-
ware (www.audiograbber.com) on a standard PC 
computer to wav audio format in stereo at 41000 
Hz and 16 bit sample rate. This methodology en-
sures as close as possible that the original recorded 
sound was played back to the judges (no fi ltering 
or normalization was applied to minimize the ef-
fects of digital artifacts). 

The recorded pink noise for each singer was 
used to equalize the peak levels of each sample 
to ensure that relative SPL for each singer was the 
same. The amplifi cation tool in Cool Edit calcu-
lated the SPL necessary to equalize each sample’s 
peak SPL, thus making each recording relative to 
the level (in dB) of the other samples produced on 
the day. 

The fi les were then edited in Cool Edit Pro 1.2 
(www.adobe.com) and fi nal samples saved to 
CD. 

Procedure
The perceptual test was conducted in a quiet en-

vironment and samples were played on CD from a 
Sony CD Walkman (DEJ885W) via circum-aural 
closed-back stereo monitoring headphones (Sen-
nheiser HD 270). This enabled the study to be con-
ducted in participants’ singing studios. This meth-
odology was favoured as optimal sound quality, 
rather than using a computer sound card (Erick-
son & Perry, 2003) or sending tapes to participants 
(Ekholm et al., 1998; Wapnick & Ekholm, 1997). 
Prior to presentation of stimuli, participants were 
given information on the two singing conditions, 
O and SO, based on qualitative results in a previ-
ous study (Mitchell et al., 2003). Pedagogues were 
instructed to assess each singing sample for use 
of open throat technique. In the fi rst study, peda-
gogues were presented with single notes in messa 
di voce and in the second study, extended singing 
samples in both O and SO conditions. 

Single notes as one of the test stimuli were 
used to assess the timbral qualities of open throat 
technique without potential distractors such as 
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intonation (Geringer & Madsen, 1998) or diction 
(Wapnick & Ekholm, 1997). The term ‘timbre’ has 
attracted different defi nitions over time. Tradition-
ally, ‘timbre’ was defi ned as the perceptual differ-
ence between two sounds which are equal in pitch 
and loudness (ANSI, 1973). Following this defi ni-
tion, musical ‘timbre’ has been investigated as the 
difference between pairs of sounds rather than the 
‘timbre’ of a single sound. More recently, ‘timbre’ 
has been defi ned as overall sound quality (Handel 
& Erickson, 2004). Since the aim of this study was 
to assess the perceived overall sound quality when 
a pedagogical technique is applied, we assessed 
the messa di voce responses individually.

Study 1: Messa di voce 

For the messa di voce pairs, participants were 
asked to assess timbre in each sung note. Each pair 
contained a combination of O and/or SO by the 
same singer. There were four possible paired com-
binations: O/O, O/SO, SO/O and SO/SO. Each 
listener had a trial session with four sample pairs, 
O/O, O/SO, SO/O, SO/SO before commencing the 
study. There were 720 samples of messa di voce in 
360 pairs.

Study 2: Song samples

In the second study, participants were presented 
with individual samples of Mozart or Schubert. 
They were presented with the musical score of 
each musical task and asked to assess each sample 
for use of open throat technique. Each listener had 
a trial session with four samples, 2 O, 2 SO for 
each of the musical tasks (Mozart and Schubert) 
before starting the second perceptual test. Each 
of the 15 judges responded to 24 pairs of singing 
samples plus six repeats.

Study design

Assessment of inter-rater agreement between 
judges was calculated using Cohen’s Kappa (Siegel 
& Castellan, 1988). Kappa varies between -1 and 
1, where 1 is perfect agreement and 0 is agreement 
not better than expected by chance. Although its 
use in medical settings has been criticised because 
it does not adjust for bias (the difference in rated 
prevalence of a disorder between judges), this is 
not a problem in a controlled experimental design 
where the prevalence of the two conditions being 
rated is identical.

As a test statistic, Kappa can verify that agree-
ment exceeds chance levels. It is an omnibus in-
dex of agreement and does not make distinctions 
among various types and sources of disagreement. 

Further, Kappa is infl uenced by distributions and 
base-rates. As a result, Kappas are seldom com-
parable across studies, procedures, or populations. 
Thus, attempts to categorize ranges of kappa as 
“good”, “fair”, or “poor” may be inappropriate. 
Krippendorf (1980) advocates agreement of at 
least .70.

Altman (1991) argued that any value of Ka-
ppa below .50 would indicate “poor” agreement. 
Fleiss (1981) recommends the following Kappa 
benchmarks: < .40 = poor agreement; 0.40-0.75 
= intermediate to good agreement; > .75 = excel-
lent agreement. Gardner (1995) argues that Kappa 
should exceed .70 before one proceeds with ad-
ditional data analyses. McGinn, Wyer, Newman, 
Leipzig & Guyatt, (2004) state that a safe rule of 
thumb is that .5 indicates moderate agreement, and 
anything lower is considered fair to poor agree-
ment.

RESULTS

MESSA DI VOCE

In the fi rst analysis, judges’ individual ratings of 
samples as either O or SO were assessed. Table 1 
shows the results of these ratings.

A number of tests were conducted to determine 
the reliability of the judges in their ratings of the 
samples (Cicchetti & Feinstein, 1990). All confi -
dence intervals were set at 95%. All indices dem-
onstrated high levels of accuracy in the ratings of 
these judges. The measure of effi ciency (ie correct 
overall classifi cation rate) was 0.8597 (95% CI: 
0.8322 - 0.8843); sensitivity (ie the proportion of 
true positives rated as positive) = 0.8111 (95% CI: 
0.7668 - 0.8502) and specifi city (ie the number of 
true negatives rated as negative) = 0.9083 (95% 
CI: 0.8737 - 0.9361). The chance levels of effi -
ciency were 50%; of sensitivity, 45.14% and of 
specifi city, 54.86%. The overall misclassifi cation 
rate was 0.1403 (95% CI: 0.1157 - 0.2094); the 
false positive rate = 0.0917 (95% CI: 0.0639 - 
0.1263); and the false negative rate = 0.1889 (95% 
CI: 0.1498 - 0.2332).

Cohen’s Kappa was calculated to test the hy-
pothesis that Kappa = 0. The hypothesis was not 
confi rmed (z=19.40, p =0.0000. Cohen’s Kappa 
= 0.7194 (95% CI: 0.6690 - 0.7699), indicating 
agreement substantially above chance among this 
sample of judges on this perceptual test.

The reliability of the best and worst judges were 
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tested individually. For the best judge, the measure 
of effi ciency = 0.9792 (95% CI: 0.8893 - 0.9995); 
sensitivity = 0.9583 (95% CI: 0.7888 - 0.9989) 
and specifi city = 1.00 (85%); overall misclassifi -
cation rate = 0.0208 (95% CI: 0.0005 - 0.1398); 
and false negative rate = 0.0417 (95% CI: 0.0011 - 
0.2112). Cohen’s Kappa = 0.9583 (95% CI: 0.8776 
- 1.0391) indicated almost perfect agreement in 
the best judge’s responses. (z=6.65, p =0.0000)

For the worst judge, the measure of effi ciency 
= 0.6458 (95% CI: 0.4946 - 0.7784); sensitivity = 
0.5833 (95% CI: 0.3664 - 0.7789) and specifi city 
= 0.7083 (95% CI: 0.4891 - 0.8738). The overall 
misclassifi cation rate = 0.3542 (95% CI: 0.2216 
- 0.5389); the false positive rate = 0.2917 (95% 
CI: 0.1262 - 0.5109); and the false negative rate = 
0.4167 (95% CI: 0.2211 - 0.6336). Cohen’s Kappa 
= 0.2917 (95% CI: 0.0232 - 0.5601) indicated poor 
agreement in the worst judge’s responses (z=2.04, 
p =0.0417). These data are presented in Table 2.

Song samples

In the individual song samples, listeners identi-
fi ed the use of open throat in 84% of O samples, 
and 69% of SO (Table 3). They were more likely 
to make a correct identifi cation in the Mozart task 
(85% correct) than in the Schubert task (68%). 
Listeners identifi ed > 83% of Mozart O and SO, 
and Schubert O. They were least reliable in judg-
ing Schubert SO (53%). 

In 180 song samples, for O, judges rated 80 of 
90 correctly in Schubert and 70 of 90 correctly in 
Mozart, that is, judges were less consistent in rat-
ing the Mozart task (k=.3) than the Schubert task 
(k=.47) in both O and SO.

Reliability of judges

The 15 judges identifi ed the experimental con-
dition in 372 of 450 samples (82.7%). There is a 
95% chance that this sample comes from a popu-
lation where the true proportion comes from either 
side of 0.827. Kappa analysis was performed to 
assess listener consistency. Twelve of fi fteen judg-
es were moderately consistent in their judgments 
(k≥0.600); judges 1, 5 and 7 were inconsistent in 
their judgements. These data are presented in Ta-
ble 4.

Individual singers 

Individual singers’ O samples, in both Mozart 
and Schubert were more readily identifi ed by lis-
teners than SO. Figure 2a-d presents these data 
graphically, showing the correct identifi cations 
and misclassifi cations of O and SO for each sing-
er in each musical task. Four of six singers (1-4) 
were consistently identifi ed correctly as singing 
with open throat in O and less open throat in SO. 
Singers 5 and 6 were outliers. Judges incorrectly 
judged Singer 6’s intentions in Mozart O and SO 

All judgments

Sample O SO

O 81.11% 18.89%

(89.85%) (17.22%) 50.00%

SO 9.17% 90.83%

(10.15%) (82.78%) 50.00%

(45.14%) (54.86%) N = 720

Table 1: Messa di voce ratings. Percentages of 
all correctly and incorrectly identifi ed samples by 
Overall percentages of correctly and incorrectly 
judged samples. Top row represents row percent-
ages and bottom row in parentheses represents col-
umn ratings.

Best Judge (3) Worst Judge (1)

O SO O SO

O 23 1 14 10

(95.8%) (4.2%) (58.3%) (41.7%)

SO 0 24 7 17

(0.0%) (100.0%) (29.2%) (70.8%)

Table 2: Messa di voce responses of the best and 
worst judges. The top row represents the total 
number of judgments from 24 responses to O and 
24 to SO and the bottom row represents the corre-
sponding percentages of correctly and incorrectly 
identifi ed samples.. Task Hit % Miss %

All O 84% 16%

All SO 69% 31%

Mozart O 86% 14%

Mozart SO 84% 16%

Schubert O 83% 17%

Schubert SO 53% 47%

Table 3: Song responses. Percentages of correct 
(hit) and incorrect (miss) responses to the song 
task, by condition (optimal and sub-optimal) and 
by condition and task (Mozart and Schubert).
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and identifi ed her O as SO and SO as O in over 
half of the 30 judgements. Singer 5 was incorrect-
ly identifi ed in Schubert SO only, that is, judges 
viewed her singing in SO as O.

Singers’ self-perceptions of their sound 

Overall means of singers’ VAS results indicated 
that singers associated their performance of the 
O condition with a high degree of openness and 
strongly representative of their best singing (Fig-
ure 3). Subject 6 was dissatisfi ed with all of her 
singing on the test day and cast “informal votes” 
when asked to rate her singing. Her responses 
were omitted from the fi nal result.

These responses are in accordance with the sing-
ers’ intentions in their performance in each con-
dition. Pearson r varied between the responses to 
best singing and openness according to condition 
and task. The O condition responses were moder-
ately correlated in the Mozart task (r=0.45), but 
highly correlated in the Schubert (r=0.84) but nei-
ther was statistically signifi cant (p>0.05). In the 

SO condition, responses were both very highly 
correlated (r=0.98, r=0.94), and signifi cantly dif-
ferent from zero (p<0.01, p<0.05). At least 90% 
of the singers’ perception of good singing can be 
attributed to their perception of openness.

DISCUSSION

This study confi rmed that the use of open throat 
technique is a perceptual reality to singers and 
that it produces a specifi c vocal quality in classi-
cal singing that can be reliably identifi ed by expert 
listeners. While previous acoustic studies proved 
inconsistent in differentiating between experimen-
tal conditions O and SO, the human ear produced 
the most reliable assessment of vocal quality.

Messa di voce

Collectively, judges were accurate in their iden-
tifi cation of O and SO and in each messa di voce 
sample, the majority of listeners correctly recog-
nised the use of open throat when it occurred. Re-
liability of listeners’ judgements ranged from fair 
to highly consistent. The high proportion of cor-
rect judgements of O and SO suggests that these 
singers produced a specifi c sound quality or tim-
bre that expert pedagogues could reliably differen-
tiate, thus strengthening the claim that open throat 
technique is associated with a particular desirable 
vocal quality.

In a previous study, expert pedagogues confi rmed 
their collective understanding of the technique of 
open throat and its use as an essential pedagogical 
instruction in the singing studio (Mitchell et al., 
2003). This study confi rmed their assertions in the 
previous study that open throat technique produc-
es a specifi c audible quality, readily identifi able by 
vocal pedagogues.

Perceptually, we considered it an important 
methodological advance to assess open throat tech-
nique in single notes (Erickson, 2003; Erickson & 
Perry, 2003) before progressing to extended sing-
ing samples (Ekholm et al., 1998; Howard et al., 
2002; Robison et al., 1994; Wapnick & Ekholm, 
1997). While extended singing samples are more 
representative of listeners’ and pedagogues’ expe-
riences in the singing studio and in singing assess-
ment, testing timbre of single notes removes any 
infl uence of intonation, diction and musical stim-
uli on judgements and focuses listeners directly 
to core sound quality. Profi ciency in the messa di 
voce is a key indicator of vocal mastery (Miller, 
1996) and these samples provided listeners with 

Listener Kappa Asymp. 
Std. 
Error(a)

Approx. 
T(b)

Approx. 
Sig.

1 0.400 0.167 2.196 0.028

2 0.867 0.091 4.747 0.000

3 0.733 0.123 4.053 0.000

4 0.800 0.109 4.392 0.000

5 0.467 0.161 2.556 0.011

6 0.867 0.090 4.790 0.000

7 0.200 0.179 1.095 0.273

8 0.600 0.145 3.316 0.001

9 0.733 0.124 4.017 0.000

10 0.667 0.133 3.727 0.000

11 0.733 0.120 4.168 0.000

12 0.667 0.133 3.727 0.000

13 0.667 0.136 3.660 0.000

14 0.600 0.134 3.586 0.000

15 0.800 0.107 4.472 0.000

Table 4: Reliability of judges’ responses. Cohen’s 
Kappa, Asymptomatic standard error (not assum-
ing the null hypothesis), asymptotic standard error 
(assuming the null hypothesis) and approximate 
signifi cance for listeners 1-15.
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suffi cient vocal information to respond to timbre. 
As the defi nition of ‘timbre’ is generally accept-

ed as overall or intrinsic sound quality (Handel & 
Erickson, 2004), it was less important to the aims 
of this part of our study to report the difference 
between one sound and another (ANSI, 1973). 

Song samples

Twelve of fi fteen expert listeners consistently 
identifi ed the use of open throat technique in O 
and a reduction of the technique in SO in the song 
samples. Listeners demonstrated reliability in 
their judgements through the duration of the song 
task, repeating their judgement of O or SO in the 
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six repeated samples in the perceptual test. These 
results support previous research that indicates 
high intra-judge agreement (Davidson & Da Costa 
Coimbra, 2001; Ekholm et al., 1998) in assessing 
overall vocal quality.

However, when Mitchell and Kenny assessed 
the use of open throat in these singers through 
acoustic characteristics of vibrato (Mitchell & 
Kenny, 2004b) and energy distribution in LTAS 
(Mitchell & Kenny, 2004b), their fi ndings did not 
accord with experts’ perceptual evaluation (Ken-
ny, Davis, & Oates, in press). While the vibrato 
analysis revealed signifi cant reductions in vibrato 
extent and increases in onset time in SO compared 
to O, conventional measures of singing power ra-
tio (SPR) (the difference between the peak height) 
and energy ratio (ER) (the difference between peak 
area) on LTAS of O and SO were not statistically 
signifi cantly different (Mitchell & Kenny, 2004b). 
Changes in vibrato rate and extent, inappropriate 
to genre are considered indicative of poor sing-
ing so it was hypothesized that testing the energy 
distribution in these singers’ voices in each condi-
tion would identify the timbral changes associated 
with open throat. LTAS results were not consistent 
with the vibrato fi ndings for O/SO, and SPR and 
ER were not sensitive to the timbral differences 
between O/SO identifi ed perceptually by expert 

listeners in this study.
We examined our hypotheses using both extend-

ed singing samples as well as single notes (as in 
the messa di voce) because eachmusical task tests 
a different demand of good singing and the former 
more closely resembles singing as heard and as-
sessed in the studio and in formal assessment 
situations (Davidson & Da Costa Coimbra, 2001; 
Ekholm et al., 1998; Howard et al., 2002; Robison 
et al., 1994; Wapnick & Ekholm, 1997).

An interesting and somewhat unexpected fi nding 
in our study was that listeners were more likely to 
identify the correct experimental condition in the 
Mozart song sample rather than Schubert. Previ-
ous perceptual studies have recommended using 
the same musical stimuli to reduce inter-subject 
variables that may infl uence responses (Howard et 
al., 2002; Saunders & Holahan, 1997); yet, these 
fi ndings indicated an effect of musical task. In-
deed, as open throat is of critical importance in 
high sustained singing (Mitchell et al., 2003), the 
scale motif and high tessitura of the Schubert task 
may have proved too diffi cult for singers to truly 
reduce open throat in SO. Conversely, the Mozart 
task was less vocally demanding, opening up the 
possibility that singers require a less robust tech-
nique to make the desired sound.

When Mitchell and Kenny (2004a) assessed 
these singers’ vocal qualities in O and SO through 
the energy distribution in LTAS, the effect of mu-
sical task approached signifi cance, that is, both 
SPR and ER were slightly greater in Schubert than 
in Mozart. According to current singing literature, 
lower ER and SPR should indicate improved sing-
ing quality, by boosted energy above 2 kHz (Omori 
et al., 1996; Thorpe et al., 2001). A future study 
by these authors will examine the signifi cance of 
SPR and ER rankings with perceptual judgment of 
overall quality (Kenny & Mitchell, in press).

Examination of correct judgements by singer in-
dicated singers 1-4 were correctly identifi ed more 
often than singers 5 and 6. In testing the sound 
quality of open throat by singer, singers 1-4 were 
consistently identifi ed correctly in O and SO. 
Singer 5 and 6 were outliers in certain conditions 
and tasks. Singer 6, in the Mozart task, produced 
the most inconsistent responses amongst the judg-
es. Her O and SO were incorrectly identifi ed in 
over 50% of occurrences, suggesting there was 
little difference between her O and SO, and that 
judges collectively were unclear whether she was 
attempting to use maximum open throat. On the 
other hand, listeners had little trouble identifying 
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singer 5’s Schubert O, but were misled by her SO, 
judging it as O in 8 of 15 cases. The overall high 
quality of singer 5’s voice may have misled judges 
to rate her SO as O.

For an accomplished singer, it may be possible 
to sing using reduced open throat technique but 
still produce an aesthetically pleasing sound, or 
equally, use an adequate open throat technique but 
produce an aesthetically displeasing sound as in 
the case of singer 6. Clearly, there are many fac-
tors that converge in producing an aesthetically 
pleasing vocal quality, of which open throat is but 
one. Listeners have clearly attended to multiple 
dimensions of the vocal production in arriving at 
their perceptual judgments of the singers. In fact, 
singers 5 and 6 were the highest and lowest scor-
ing singers respectively in a study of overall vo-
cal quality (Kenny & Mitchell, in press) but these 
rankings showed no relationship with correspond-
ing rankings of SPR and ER, which are intended 
as objective measures of voice or voice quality. 

Singers in this study were acutely aware of the 
impact of open throat technique on their overall 
singing sound. Singers 1-5 equated good singing 
with use of maximal open throat technique and 
felt their overall singing sound decreased when 
they reduced the technique. Matching a perform-
er’s intention to a pedagogical concept is valuable 
to singing pedagogy. Singer 6 was dissatisfi ed 
with her singing on the day of recording, which 
accorded with listeners’ judgements of her vocal 
quality and the similarities between her O and SO. 
It may be, as one listener pointed out, that it is 
‘hard to tell if it is a good singer singing badly, or 
a bad singer singing well’.

Sophisticated acoustic measurement technolo-
gies are now being routinely applied to voice sci-
ence and vocal pedagogy the goal of which is to 
provide objective measurement of voice. To date, 
studies that attempt to defi ne a good voice per-
ceptually and acoustically (Ekholm et al., 1998; 
Wapnick & Ekholm, 1997) or assess vocal mas-
tery throughout musical education (Mendes et al., 
2003; Vurma & Ross, 2000) by linking perceptual 
ratings with acoustic measurements have not as-
sessed the relationship between vocal mastery and 
the development of specifi c technical profi ciencies. 
If singers’ and expert listeners’ reports of sing-
ing accord, focussing research on specifi c sing-
ing techniques could enhance singing pedagogy. 
Matching optimal singing quality with performer 
technique or intention enhances communication 
between singers and teachers. These fi ndings will 

be strengthened by replication in male voices and 
professional singers. 

Current work in singing has not suffi ciently in-
corporated perceptual ratings and descriptions of 
sound quality. Vocal quality results from a com-
plex combination of acoustical parameters that in-
teract. To date, no single objective evaluation cap-
tures or characterizes vocal quality in a systematic 
way (Omori et al., 1996; Thorpe et al., 2001). The 
future of experimental studies in the teaching of 
singing depends on their incorporation into a the-
ory of the singing voice and on their relation to 
current practice.

Most singers and teachers of singing understand 
vocal functioning and control through audiation, 
sensory feedback and mental imagery. Teachers 
have a mental image of the particular sound indi-
vidual students are capable of producing and use 
verbal explanation, vocal modeling and feedback 
to teach this. Despite the fact that teachers and as-
sessors of singing process sound using sensory 
and auditory methods as their primary feedback 
(Kitch & Oates, 1994), few perceptual studies use 
these professional skills in assessing vocal qual-
ity. If expert listeners can reliably identify a tech-
nique, such as open throat, in the overall singing 
sound, future perceptual and acoustic studies of 
voice may provide more useful information for the 
dissemination of current vocal practices, their as-
sessment and documentation in singing pedagogy. 
It is now feasible to track the methods by which 
good singers are trained. In linking the use of spe-
cifi c pedagogical techniques with perceptual judg-
ment and acoustic measurement, future studies in 
voice can provide a basis for a more systematic 
pedagogy of the singing voice. 
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