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EXPRESSING TONAL CLOSURE IN MUSIC PERFORMANCE: AUDITORY AND VISUAL CUES

Donovon Keith Ceaser, William Forde Thompson1, and Frank Russo2

1 - Department of Psychology, Macquarie University, Sydney, Australia
2 - Department of Psychology, Ryerson University, Toronto, Canada

ABSTRACT

We examined whether musical performers communicate tonal closure through expressive manipulation of 
facial expressions and non-pitch features of the acoustic output. Two musicians hummed two versions of 
Silent Night: one ended on the tonic of the scale and exhibited tonal closure; the other ended on the dominant 
and was therefore tonally unclosed. In Experiment 1, video-only recordings of the hummed sequences were 
presented to 15 participants, who judged whether the (imagined) melody was closed or unclosed. Accuracy 
was reliably above chance, indicating that the musicians expressed tonal closure in facial expressions and 
listeners decoded these cues. Experiment 2 was conducted to determine whether musicians also communicate 
tonal closure in acoustic attributes other than pitch. All tones in the hummed melodies were pitched-shifted 
to a constant mean value, but performances still differed in loudness, microtonal pitch variation, timing, and 
timbre. Participants judged whether audio-only recordings were closed or unclosed. Accuracy was not above 
chance overall, but was marginally above chance for judgement of one of the two singers. Results suggest 
that tonal closure can be mapped onto non-pitch aspects of performance expression, but is primarily restricted 
to the use of facial expressions. 

RESUME

Nous avons examiné la communication de conclusion tonale chez les performeurs musicaux, et spécifi que-
ment si elle se fait à travers les manipulations d’expressions faciales et de caractéristiques d’information 
acoustique autres que la hauteur du son. Deux musiciens ont fredonné une différente version de la mélodie de 
Sainte Nuit : l’une d’elle terminant sur la tonique de la gamme et donc ayant une conclusion tonale; et l’autre 
terminant sur la dominante et donc n’ayant pas de conclusion tonale. Lors de l’expérience 1, des extraits 
d’enregistrements vidéo sans sons des mélodies fredonnées ont été présentés à 15 participants, qui ont ensuite 
effectué un jugement selon la présence ou l’absence de conclusion tonale dans la mélodie (imaginée). Le 
niveau d’exactitude des participants excédait le niveau du hasard, indiquant que les musiciens exprimaient la 
conclusion tonale à travers de leurs expressions faciales et que ces indicateurs furent décodés par leurs audi-
teurs. L’expérience 2 a été effectuée afi n de déterminer si les musiciens communiquaient aussi la conclusion 
tonale à travers les caractéristiques acoustiques autres que la hauteur du son. La hauteur de tous les sons mu-
sicaux dans les mélodies fredonnées a été changée à une hauteur moyenne constante, mais les performances 
étaient toutefois différentes en tant que force sonore, variations de hauteur microtonale, synchronisation, et 
timbre. Les participants ont effectué un jugement selon la présence ou l’absence de conclusion tonale dans 
des extraits d’enregistrement audio des mélodies. Dans l’ensemble, le niveau d’exactitude des participants 
n’excédait pas le niveau du hasard, mais l’exactitude des jugements  envers l’un des deux musiciens excé-
dait à peine le niveau du hasard. Ces résultats suggèrent qu’une conclusion tonale peut être établie à l’aide 
d’attributs d’expressions de performance autres que la hauteur des sons, mais qu’elle est généralement établie 
à l’aide d’expressions faciales. 

1.0 Introduction

The performer is the middle link in a system of communi-
cation that extends from the composer who notates musical 
ideas onto a score to the listener who perceives, interprets, 
and experiences an acoustic realization of these ideas. The 
performer not only converts notated symbols (musical notes) 
into sound; they interpret the musical structure and convey 
this interpretation expressively (Palmer, 1997). That is, a crit-
ical goal of music performance is to communicate the struc-

ture of the music clearly to listeners (Gabrielsson, 1999).  
 A number of researchers have investigated how musicians 
manipulate acoustic attributes in order to elucidate musical 
structure. For example, musicians often manipulate timing, 
dynamics (changes in sound intensity) and tempo (musical 
speed) in order to communicate or emphasize the temporal 
structure of music (Clarke, 1982; 1985; 1988; Povel, 1977; 
Repp 1992; Sloboda, 1983, 1985; Todd, 1985). Some expres-
sive actions, such as a crescendo (getting louder), are easier 
to detect than others, such as a diminuendo (getting softer) 
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(Nakamura, 1987; Senju & Ohgushi, 1987). More generally, 
listeners may not decode all aspects of musical structure, so 
the communicative intentions of performers may be only par-
tially realized. 
 Recently, researchers have examined how expressive in-
formation from auditory and visual modalities is combined 
to communicate musical structure (for a review, see Schutz, 
2008).  In experiments that involve auditory-only, visual-on-
ly, and audio-visual conditions, participants show increased 
sensitivity to musical structure in audio-visual conditions 
(Krumhansl & Schenck, 1997; Vines et al., 2006). Indeed, 
visual information is often surprisingly informative. When 
participants are asked to make judgements about expressive 
intentions, participants may perform better in a visual-only 
condition than in an audio-only condition (Davidson, 1993). 
Thompson, Graham, and Russo (2005) reported that facial 
expression infl uence perceptions of interval size, dissonance, 
and emotional connotations.  Thompson, Russo and Quinto 
(2008) confi rmed that listeners unconsciously and automati-
cally consider cues arising from the facial expressions of per-
formers when forming an emotional interpretation of music. 
Schutz & Lipscomb (2007) reported that the judged duration 
of a marimba note was longer if accompanied by a video re-
cording of a performer making a “long gesture” when strik-
ing the note than if accompanied by a video recording of a 
“short gesture.” Finally, Thompson & Russo (2007) found 
that observers were able to differentiate the size of sung in-
tervals on the basis of visual information alone. Judgements 
of size were well correlated with veridical interval size and 
appeared to be based on a combination of head movement, 
eyebrow raising and mouth opening. The fi ndings underscore 
the importance of the visual modality for the perception of 
music. 
 In the current investigation, we examined the manner in 
which musicians modify their use of performance expression 
in order to communicate tonal closure, both in their facial 
expressions and the expressive manipulation of sound attri-
butes other than pitch. Musical closure is a general term that 
refers to the perception that a musical phrase or section has 
come to a permanent or temporary end. Tonal closure refers 
to the contributions of tonality to this effect, and occurs when 
a musical phrase ends on a tonally stable pitch, such as the 
tonic note or chord (e.g., as in a perfect cadence). Although 
tonal closure is an aspect of pitch structure, performers may 
introduce non-pitch cues to reinforce or clarify the perception 
of tonal closure, including temporal cues (ritards, duration 
lengthening), cues related to sound intensity (diminuendos), 
and even visual cues associated with facial expressions and 
gestures. Two experiments were conducted to determine 
whether tonal closure is mapped onto such non-pitch aspects 
of performance expression. Experiment 1 considered expres-
sive uses of facial expression; Experiment 2 considered the 
expressive manipulation of acoustic cues. 

2.0 EXPERIMENT 1

Experiment 1 examined the role of facial expressions in the 

communication of tonal closure. If listeners can perceive the 
difference between the tonally closed and unclosed clips by 
viewing the faces of singers alone (i.e. with no acoustic sig-
nal), then such a fi nding would corroborate and extend previ-
ous reports that facial expressions of performers refl ect and 
communicate pitch structure. 

2.1  Method

Participants. Fifteen undergraduate students (7 males and 8 
females) were recruited from the University of Toronto com-
munity, ranging in age from 18 to 27 years (mean = 22.36), 
and possessing between zero and 14 years of musical training 
(mean = 7.53 years).  All participants reported normal hear-
ing.  
Stimuli. The stimuli consisted of sung recordings of the mel-
ody of Silent Night. This melody was selected because it is 
popular and highly recognizable.  The fi nal phrase of the song 
(“Sle-ep in hea-ven-ly peace”) follows the diatonic scale pat-
tern of 8-5-3-5-4-2-1 and implies a tonic-dominant-tonic (I-
V-I) harmonic accompaniment. 
 Three experienced singers (one male and two females) 
were recruited to hum two versions of the fi nal phrase of the 
melody. One version (original) ended on the tonic of the scale 
(as in the original melody) and was tonally closed; the other 
version ended on the dominant of the scale and was therefore 
tonally unclosed. More specifi cally, in the unclosed version, 
the last four notes of the original melody were reversed (1, 2, 
4, 5), such that the fi nal note of the melody (5) is the domi-
nant. Note that the size of the fi nal melodic interval (major 
second) was the same in both versions. Singers were instruct-
ed to stare directly into the camera as they hummed the tunes.  
Each singer hummed six examples of the closed and unclosed 
versions each.
 From the audiovisual recordings of these performances, 
3 examples were selected for each singer and each condition 
of closure, yielding 18 recordings (3 examples X 2 conditions 
of closure X 3 singers). The video recordings (no sound) 
were extracted for use in Experiment 1; audio recordings (no 
video) were used in Experiment 2. Each clip was edited so 
that it began with the singer’s inhaling breath, and ended after 
the fi rst beat of the fi nal bar.  
Procedure. Edited video clips were loaded into the Experi-
ment Creator program.  Each of the 18 clips was presented 
three times, yielding 54 trials presented in random order.  
Participants were tested in a sound-attenuated booth.  They 
were told that they would be viewing video-only recordings 
of Silent Night, and that there would be two versions: a con-
ventional version and a nonconventional version with an al-
ternate ending. For each presentation, the task was to judge 
whether the imagined melody was closed or unclosed (forced 
choice). The experiment took between 20 and 30 minutes 
to complete. Following the experimental trials, participants 
were administered a questionnaire related to the cues that 
they used to make their judgements.



31 - Vol. 37 No. 1 (2009) Canadian Acoustics / Acoustique canadienne

2.2  Results
 The proportion of closed responses for closed and open 
clips was 0.61 and 0.37 respectively. ANOVA was conducted 
with repeated measures on two factors: Singer (3 levels) and 
Closure (2 levels). There was a signifi cant effect of Closure, 
F (1, 14) = 21.69, p < 0.001, confi rming that performers ex-
pressed musical closure in their facial expressions and par-
ticipants successfully decoded these cues.
 To further explore the role of facial expressions in the 
communication of musical closure, we examined the closed 
and unclosed clips with the highest decoding accuracy, focus-
ing on three features: width of eye opening (squint), eyebrow 
height, and head height. These features were informally scru-
tinized because a post-experiment interview revealed that 
participants identifi ed them as relevant to their judgements of 
closure. Measurements were taken from two video stills for 
each singer’s clip, one at the onset of the fi rst note (after the 
initial breath), and again at the end of the last note. Eye open-
ing was measured from the top of the lower lid to the bottom 
of upper lid.  Eyebrow position was measured from the top 
of the eyebrow to the bottom of upper lid. Head movement 
was measured by comparing the position of the chin at the 
beginning and end of the video clip. By subtracting the value 
obtained in the second still from the fi rst, we obtained a mea-
surement of the difference in facial position. 
 Table 1 displays the change in measurements for each 
feature from the beginning to the end of each clip. The 
amount of change is shown in centimeters. Positive values 
for eye opening indicate that the eyes were wider at the end 
of the clip than at the beginning of the clip; positive values 
for eyebrow height indicate that the eyebrows were raised to 
a greater degree at the end of the clip than at the beginning of 
the clip; positive values for head height indicate that the chin 
was at a higher position at the end of the clip than at the be-
ginning of the clip. Note that the values in the Table indicate 
measurements from the computer monitor and understate ac-
tual movements. A comparison of values for closed and un-
closed clips suggests that, in comparison with closed clips, 
unclosed melodic endings were associated with reduced wid-
ening of the eyes, raised eyebrows, and raised chin. 
 The greatest movements were observed for eyebrow 
height, consistent with fi ndings on the use of facial expres-
sions during music performance (Thompson & Russo, 2007). 
Specifi cally, for closed clips the eyebrows were raised more 
at the beginning of the clip than at the end of the clip, refl ect-
ing movement from instability to stability and closure; for 
unclosed clips the eyebrows were raised more at the end of 
the clip than at the beginning of the clip, refl ecting the lack of 

closure at the end of the clip. 

2.3 Discussion
 Participants reliably differentiated between tonally 
closed and unclosed clips based on visual cues alone. This 
fi nding confi rms that musicians can express musical closure 
in the use of facial expressions and viewers are able to de-
code these expressive actions. A comparison of movement 
analyses for closed and unclosed clips suggests that eyebrow 
and head movement may be especially relevant to this effect. 
In comparison with facial movements associated with clo-
sure, facial expressions associated with non-closure involved 
raised eyebrows and chin relative to initial positions. These 
differences in the relative height of facial features may refl ect 
the degree to which each ending violated or confi rmed expec-
tancies. When expectancies were fulfi lled with a closed end-
ing, the chin and eyebrows were not raised, or were lowered. 
When expectancies were violated with an unclosed ending, 
the chin and eyebrows were raised. 

3.0  EXPERIMENT 2

We next assessed whether listeners can decode tonal closure 
on the basis of the acoustic aspects of performance expression 
other than pitch. Stimuli consisted of the audio-only record-
ings of “Silent Night” taken from the recordings described in 
Experiment 1. Because tonal closure is determined by pitch 
structure, it was necessary to disentangle the direct cues pro-
vided by pitch structure from the indirect cues provided by 
performance expression. To this end, Protools software was 
used to shift all tones in each performance to a constant mean 
pitch level.  This procedure retaining expressive variations in 
intensity, timbre, and timing. 

3.1 Method

Participants.  25 undergraduate students (12 males and 13 
females) ranging in age from 18 to 28 (mean = 19.44) years 
were recruited from the University of Toronto community.  
Participants had between zero and 18 years of musical train-
ing (mean = 3.66 years). All participants reported normal 
hearing.  
Stimuli.  Stimuli were a subset of the recordings described 
in Experiment 1. We selected three exemplars of closed and 
unclosed clips performed by a female singer (M) and two 
exemplars of closed and unclosed performed by a male singer 
(T), yielding 10 clips for use in the experimental trials. Each 
clip was presented 5 times, yielding 50 trials. Using Protools, 

Table 1. Change in the position of facial features from initial to final notes of closed and unclosed clips (in cm). 

Facial feature Closed Unclosed Difference in change 
Eye width +0.64 +0.38 -0.26 
Eyebrow height -2.29 +0.38 +2.67 
Head height -0.64 +0.51 +1.15 
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each audio fi le was altered such that all tones were set to the 
same pitch. This procedure yielded a set of monotonic phras-
es that differed in performance expression. That is, they dif-
fered in terms of expressive variation in intensity, timing, and 
vocal timbre throughout the phrase. All pitches were adjusted 
to the mediant (third scale degree) of the key of the melody. 
This pitch was chosen so that the degree of pitch shifting re-
quired was approximately equal for the closed and unclosed 
conditions.

Procedure. Experiment Creator was used to control presen-
tation of the 50 trials and collection of responses. Participants 
were seated in front of a Macintosh computer in a sound-at-
tenuated booth.  They were fi rst introduced to one example of 
an original and altered (pitch shifted) version of a closed and 
unclosed exemplar from each singer (i.e., four familiarisation 
trials). These trials were used to familiarise participants with 
the nature of the pitch-shifted stimuli and were excluded from 
the experimental trials. They were then given 10 practice tri-
als: 5 unclosed and 5 closed trials. After each presentation, 
they indicated whether the clip was derived from a musically 
closed or unclosed melody (forced choice). No feedback was 
provided. The 50 experimental trials were then presented in 
random order and took about 30 minutes to complete. Follow-
ing the experimental trials, participants were administered a 
questionnaire related to the cues that they used to make their 
judgements. 

3.2  Results

The proportion of closed responses for closed and open clips 
was 0.58 and 0.53 respectively. ANOVA was conducted with 
repeated measures on two factors: Closure (closed or un-
closed) and Example (1-5).  There was no signifi cant main 
effect for Closure, F (1, 24) < 1.0, nor for Example, F (1, 
24) < 1.0. The interaction between Closure and Example was 
signifi cant, F (1, 24) = 7.00, p < 0.05.  The interaction was 
explored by running separate analyses of variance for each 
of the two singers. These analyses revealed that there was a 
marginally signifi cant effect of Closure for the female singer, 
F (1, 24) = 4.16, p < 0.055.  For this singer, the proportion 
of closure responses was higher for trials derived from ton-
ally closed sequences (M = 0.64, SE = 0.059) than for tri-
als derived from tonally unclosed sequences (M = 0.43, SE 
= 0.051). There was no signifi cant effect of Closure for the 
male singer, F (1, 24) = 3.21, n.s. This pattern of results im-
plies that some singers are more capable than others at using 
non-pitch expressive cues to communicate tonal closure.
 Follow-up acoustic analyses revealed that for the fe-
male singer, fi nal tones of tonally open productions were 
more variable in pitch and amplitude that fi nal tones of ton-
ally closed productions (i.e., perturbations within tones were 
more frequent and extreme). For both singers, the fi nal tones 
of tonally open productions were marginally longer (~ 125 
msec) and possessed higher harmonicity (~ 1 to 2 dB; i.e., 
were less hoarse) than their closed counterparts.

3.3. Discussion

 Across the two singers, participants were unable to dif-
ferentiate closed and unclosed audio clips when pitch cues 
were absent. However, closure was communicated with 
marginal signifi cance by one of the two singers. Because 
closed and unclosed versions were equivalent in nominal 
pitch, judgements of closure for this singer must have been 
based on expressive cues related to intensity, microtonal 
pitch variation, timing, and vocal timbre. Thus, even though 
tonal closure is defi ned and communicated by pitch stabil-
ity, other expressive cues may have also been introduced by 
the performer to convey closure. It is unclear how well these 
cues were perceived by viewers. The data do not allow us to 
determine which, if any, of these cues were used to decode 
tonal closure. However, the post-experiment questionnaire 
suggested that the unclosed ending seemed “faster” than the 
closed ending (expressive timing); closed endings had more 
“fl ow” than unclosed endings (expressive phrasing); and the 
tonal quality (vocal timbre) differed between closed and un-
closed endings.

4.0 GENERAL DISCUSSION

The results of this investigation indicate that performers ef-
fectively communicate tonal closure through the use of non-
pitch cues. These expressive cues are reliably communicated 
in the facial expressions of performers, and may be conveyed 
by certain performers in the expressive manipulation of non-
pitch acoustic features. The fi ndings corroborate and extend 
the growing evidence that performers make use of both audi-
tory and visual aspects of music, and that “listeners” attend 
not only to musical sounds; they are also “viewers” that inte-
grate visual information with the acoustic signal. Surprising-
ly, the expressive use of facial expressions was more reliably 
effective at communicating tonal closure than the acoustic 
cues introduced by the performer. In particular, the perform-
er’s capacity to communicate tonal closure through acoustic 
aspects of performance expression was surprisingly limited. 
Quite possibly, tonal closure may be most effectively com-
municated through musical structure and facial expressions, 
but to a limited extent through acoustic cues introduced by 
the performer.
 It is important to acknowledge that closed and unclosed 
melodies differed in a number of features, including the tonal 
stability of the fi nal tone (tonal closure), the overall pitch 
height of the fi nal tone, and the contour of the fi nal four 
tones. Any of all of these differences may have infl uenced 
the facial expressions adopted by performers, as well as ex-
pressive variation in singing. For example, melodic contour 
varied with our manipulation of closure (closed melodies had 
a downward contour, unclosed melodies had an upward con-
tour). Along with differences in the tonal stability of the fi nal 
note of the melody, such contour differences likely contrib-
uted to the facial expressions adopted by performers, as well 
as the expressive variation in their singing. Quite possibly, 
production constraints associated with differences between 
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closed and unclosed melodies contributed to the mapping of 
closure onto facial expressions and expressive variation on 
singing (diffi culty in singing upward versus downward melo-
dies, certain scale notes being more stable in memory and 
easier to produce than others). Nonetheless, the aim of this 
investigation was to document the ability of viewers to detect 
closure from facial expressions and other expressive actions, 
and they were indeed successful with this task.  As many cues 
contribute to tonal closure in the acoustic realization of mu-
sic, it is reasonable to assume that multiple cues also contrib-
uted to the perception of tonal closure in our investigation.
 More generally, it should be emphasized that musical 
closure invariably arises from a collection of convergent 
cues and it is not possible to manipulate one aspect of mu-
sical structure (e.g., tonal stability) without affecting other 
potential features (e.g., pitch height, pitch interval). As such, 
the relative contribution of potential cues to melodic closure 
cannot be determined from the current results. Nonetheless, 
because our participants explicitly judged closure, only those 
expressive actions that were relevant to closure should have 
infl uenced judgements, and therefore cannot be construed as 
an experimental confound. That is, the presence of multiple 
differences between conditions is compatible with the con-
clusion that melodic closure is mapped onto facial expres-
sions and other expressive actions and communicated to per-
ceivers. 
 Participants were still able to distinguish between closed 
and unclosed melodies when provided with visual informa-
tion alone. The fi nding extends previous evidence that facial 
features refl ect music structure, including melodic, rhythmic, 
and tonal structure (Thompson et al., 2005; Thompson & 
Russo, 2007). Self-reports by participants, corroborated by 
an informal analysis of two videos, suggested that eyebrow 
and head movements were associated with expressions of 
closure and non-closure. In particular, relative to closed end-
ings, raised eyebrows and a higher head position signaled an 
unclosed ending. As argued, facial expressions refl ected mul-
tiple ways in which closed and unclosed versions differed, 
but only relevant aspects of facial expressions should have 
infl uenced direct judgements of closure. Although not the fo-
cus of the current investigation, future research may include a 
more standardized set of facial measurements. More general-
ly, research is needed to determine whether facial expressions 
refl ect tonal closure in a way that is distinct from the manner 
in which they refl ect other aspects of musical closure. 
 The cues used in expressing musical closure may refl ect 
a general system of symbolic communication whereby facial 
and acoustic features express internal states. Across sever-
al cultures, lowered eyebrows signal increased dominance 
whereas raised eyebrows signal appeasement (Keating et al., 
1981). Such cues are analogous to fi ndings for musical and 
spoken stimuli. In music, melodies played at a higher pitch 
height are judged to be less aggressive and more submissive 
than melodies played at a lower pitch height (Huron, Kinney 
and Precoda, 2006). In speech, high or rising vocal pitch is 
associated with a lack of confi dence, whereas low or falling 
vocal pitch is associated with confi dence (Bolinger, 1964). 

 Familiarity with the music, along with sensitivity to 
closure, may have played a role in determining the current 
results. All participants were aware that the performer was 
singing Silent Night. This familiarity may have led partici-
pants to form a stable mental representation of the melody 
along with the facial expressions associated with sung ver-
sions of the phrase. Future research should be conducted to 
confi rm that sensitivity to facial expressions of tonal closure 
is reliable for unfamiliar melodies. 
 The current results may be interpreted within a multi-
modal framework, whereby one of two strategies for intro-
ducing facial expressions may be invoked: reinforcement or 
compensation. Using a reinforcement strategy, performers 
may form a mental representation of musical structure and 
emphasize that structure through their use of facial expres-
sions. In the current investigation, performers appeared to 
underscore tonal closure through movements of the eyebrows 
and head, complementing their expressive manipulations of 
intensity, timing, and vocal timbre. Using the categories of fa-
cial expression outlined by Kurosawa and Davidson (2005), 
such expressions may be characterized as illustrators because 
they function to reinforce or illustrate a structural feature of 
the music. In this case, raising the eyebrows and head at the 
end of the melody acted to reinforce the lack of tonal closure 
that was conveyed by the pitch structure. 
 Alternatively, performers may adopt a compensatory 
strategy. In this case, performers might evaluate the degree of 
tonal information available in pitch and rhythmic structure, 
compare this information to their expressive intentions, and 
evaluate the discrepancy between the two. Expressive actions 
are then introduced only to the extent that available cues be-
come suffi ciently clear to allow a typical listener to extract 
the structural information that the performer wishes to con-
vey. For example, performers in this investigation appeared 
to compensate for a lack of tonal closure in open sequences 
through fi nal tone lengthening. Again, this process of com-
municating musical structure may involve the expressive 
manipulation of acoustic cues but may also include facial ex-
pressions, gestures, and other body movements.  
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ERRATA

The article published in Volume 34, Number 4 (December
2008), pp. 17–23 contained a number of typesetting errors.

In the English abstract, delete “ 4105”

Throughout the article, except in the figures and in the first
paragraph of page 21, the phonetic symbols were incorrect.

for / / read for /I/ read for / / read 
for /E/ read for / / read for / / read 
for / / read for / / read 
for / V |/ read V
for / /, / /, and / / 

read , , and 
for / /, / I /, / /, and / E / 

read , , , and 
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