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TRACKING MULTI-CHANNEL ELECTROGLOlTOGRAPH MEASURE- 
MENT OF LARYNX HEIGHT IN SINGERS 

Friedemann Pabst* 6 Johan Sundberg 

Abstract 

Changes in vertical larynx position during singing were studied in professional 
singer subjects using the two-channel electroglottograph recently presented by 
Rothenberg (1992). The evaluation of the method and the examination of the la- 
ryngeal behaviors of professionnl singers were the main aims of the study. The 
significance of pitch, vocal loudness and lung volume to vertical larynx position 
were analysed. 

INTRODUCTION 
The vertical larynx position, henceforth VLP, is considered a significant factor to 
voice. For example, singing teachers mostly recommend that the larynx should be 
comfortably low in singing (Vennard, 1967)) and patients suffering from hyperfunc- 
tional dysphonia are trained to phonate with a lower habitual VLP (Aronson, 1985). 

A change in VLP appears to affect the voice source. Zenker & Zenker (1960) 
claimed that a low VLP is associated with vocal fold abduction and a raised VLP 
with adduction (Sundberg & Askenfelt, 1983). The changes in the degree of adduc- 
tion thus induced would affect the voice source (Titze, 1988; Gauffin & Sundberg, 
1989). Hence, VLP is likely to affect voice timbre. 

VLP necessarily affects vocal tract length, which, in turn, influences the formant 
frequencies (Sundberg & Nordstrom, 1983). The result is that both voice and vowel 
timbre darkens if the VLP is lowered and brightens if it is raised. This effect is of 
great relevance to the perception of a raised larynx (Sundberg & Askenfelt, 1983). 

Shipp and associates have studied VLP in singers and nonsingers (Shipp, 1977; 
Shipp & Izdebski, 1975; Shipp, 1984). Typical behavior differences were found. Thus, 
while nonsingers tended to raise VLP with increasing voice fundamental frequency, 
singers mostly displayed a different or even the opposite relation. 

Up to recently, the methods for measuring VLP have been limited by significant 
drawbacks. The method of filming the neck profile can be successfully applied only 
with subjects possessing a prominent thyroid notch (Shipp 1987), and the research 
procedure is of course tedious. X-ray motion picture investigations entail the radia- 
tion doses problem. By means of the new tracking multichannel electroglottograph, 
henceforth TMEGG, recently presented by Rothenberg (19921, VLP can be continu- 
ously tracked without such disadvantages. A major aim of the present study was to 
explore the potentials of this new method. 

We used singers as subjects. As mentioned, larynx position is influential on voice 
timbre, and voice timbre is obviously a factor of primary concern in singing. There- 
fore, singers can be expected to control their VLP more accurately than nonsingers, 
even though Shipp (1977) found a non-significant difference in this regard. 

*Guest researcher Jan. 13-Feb. 7, 1992 from Carl M. von Weber Hochschule fiir Musik, Dresden. Germany. 
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Fig. 2. Recordirigs of VLP and voice fundametital frequency IFO) as function of time from soprano 
subject HM performing different tasks. For the Messa di Voce at the bottom also the EGG-signal is 
displayed. 
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I Fig. 3. Recordings of VLP and voice fundamental frequency (FO) as Junction of time from soprano 
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subject CL performing different tasks. 
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Fig. 4. Recordings of VLP (arbitrary scale, resting position corresponds to VLP=O)and voice funda- 
mental frequency IFO) as furzction of time from mezzosoprano subject BS performing different tasks. 
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Fig. 5. Recordings of VLP and voice fundamental frequency (FO) 
as function of time during alternately ascending and descending 
ocfave leaps as performed by baritone subjects IS ,  HG, and MK. 
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Fig. 2d shows a typical example of the former limitation; the subject twice per- 
formed a crescendo-decrescendo on constant pitch. The soft parts of the tones were 
produced without vocal fold closure, as is evident from the amplitude of the EGG 
signal. Under these conditions, the VLP signal is obviously unreliable. 

1. Reproducibility 
The reproducibility is affected by two factors. One is error of measurement, 

caused by, e.g., a change of the electrode position on the neck. The other is the sub- 
ject's consistency regarding the VLP behavior. The value for the subject's resting 
level of the VLP was repeatedly checked for each subject. Typically, it varied within 
+2 mm, approximately. This result supports the assumption that the subjects 
accurately replicated their VLP resting position. 

The consistency with regard to the VLP behavior varied considerably between the 
subjects. Fig. 6 shows data collected from three consecutive performances of a triad 
pattern, as sung by subject BS. The figure reveals that this subject raised her larynx 
by about 10 mm over this duodecimo-wide pitch range. The VLP data differed by 
less than 2 mm in these three repetitions. This suggests that the VLP data obtained 
were reliable and that this subject's VLP behavior was quite reproducible, at least 
under certain conditions. 

2 
2. Text reading h 

0 . - d 

As expected, VLP varied more or .g -2 
less during neutral text reading. Still, a $ -4 
representative average of the VLP .? " -6 
could be determined by eye without 

?I -8 difficulty from the ink writer curve and 
related to the resting position. The val- - l o  

ues are shown in Table 11. For most 3 - I *  

subjects, the average VLP was found to ' -14 

be a few mm above the resting position. 
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Fig. 6 .  VLP data collected from three consecutive 
performances of a triad pattern as sung by  subject BS.  

ET 
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Table 11. Approxirrlate mean VLP during text 
reading in  mm relative to the resting position. 

3. Lung volume 
The force by which the trachea pulls the larynx downward increases when the 

diaphragm is lowered and can thus be expected to increase during a deep inhalation 
(Sundberg, Leanderson, & von Euler, 1989). This can be expected to affect the equi- 
librium between forces pulling the larynx cranially and caudally; if the tracheal pull 
is reduced, the larynx would tend to rise, provided opposing forces are not reduced 
to the same extent. Several examples of an effect of lung volume on the VLP were ob- 
served in our subjects. Clear cases can be seen in Figs. 2c, 4a, 4c, showing VLP as 
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function of time. The effect was particularly evident in the singing student, possibly 
because of less experience. 

4. Pitch 
The dependence of VLP on pitch was examined in the exercises with wide pitch 

ranges. The influence was particularly strong in the case of the singing student who 
raised his VLP considerably with increasing fundamental frequency. Similar find- 
ings were made also in some of the more experienced singers, although mostly to a 
lesser degree. 

Soprano HM mostly sang with a constant VLP some millimeters above resting 
position and raised it with pitch only in the top part of her range, as can be seen in 
Fig. 2a. Mezzosoprano BS raised her VLP in the upper part of her range (Fig. 4a). So- 
prano LL mostly showed a similar behavior, as illustrated in Fig. 3a-c and e. Tenor 
ET lowered his VLP with rising pitch in the lowest part of his range and showed the 
opposite behavior in the upper part. The baritones showed differing behaviors as il- 
lustrated in Fig. 5; with increasing pitch. MK raised his larynx slightly, JS lowered it, 
and HG kept a constant VLP. These results support the assumption that the relation 
between VLP and pitch differs between and within voice classifications, presumably 
in part depending on vocal technique. 

To examine the VLP-pitch relation irrespective of exercise, we pooled data from 
all exercises for mezzosoprano BS, see Fig. 7. The variation was considerable, par- 
ticularly in the lower part of the pitch range. Still, the figure suggests a basically 
constant VLP in the lowest part of the range, below about the pitch of F4, approxi- 
mately, while the VLP rose with pitch in the rest of the range. This result indicates 
that pitch is by no means the only factor of relevance to VLP. 

A3 C4 E4 G4 C5 E5 G5 
PITCH 

Fig. 7. Pooled VLP data as function of fundamental frequerlcy fronl all exercises performed by mez- 
zosoprano BS. 
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5. Vocal loudness and vowel 
Vocal loudness as well as vowel affected the VLP in some subjects. During a messa 

di voce, some subjects lowered their VLPs during the crescendo and raised it during 
the decrescendo. In some subjects who performed the identical exercises on different 
vowels, [il was associated with a higher position and [u] with a lower position, [a] 
taking an intermediate position, see Fig. 3a, b, and c. 

DISCUSSION 
The TMEGG seems to represent a valuable method of obtaining continuous and 

reasonably reliable and reproducible information on VLP, thus allowing synchro- 
nous recording of the VLP and various acoustic parameters, such as pitch. This is 
true not only for sustained vowels but also for more complex pitch structures such as 
in text reading and singing songs. It is important that the behavior of female subjects, 
who normally lack a prominent thyroid notch, can now easily be studied. In short, 
the possibilities to understand the function of VLP in phonation has increased sub- 
stantially with the advent of the TMEGG. 

One of the main aims of this investigation was to explore the potentials of the 
method. The fact that the reproducibility seemed acceptable for the determination of 
the resting position appeared as essential (Shipp & Izdebski, 1975) as it suggested a 
high intra-individual reproducibility. Reproducibility is, of course, entirely depend- 
ent on a constant electrode position. We kept the electrodes in place by means of an 
elastic ribbon. Some subjects experienced a mild discomfort from this arrangement. 
It is possible that better alternatives exist for such subjects. 

In our attempts to calibrate the extent of the changes in VLP, we used the indirect 
(reciprocal) method proposed to us by Rothenberg (personal communication). It im- 
plied a sliding of the electrodes on the neck while the subject sustained a constant 
tone. Even though, this reverses the real conditions, it is hard to see any clear disad- 
vantage of this arrangement. Also, the calibration procedure can probably be im- 
proved in future studies, e.g., by the construction of a device that allows greater ac- 
curacy in reproducing the sliding distance for the electrodes. 

A limitation is that the measurement of the resting position requires phonation. 
This, of course, is counterintuitive, as phonation implies a non-resting larynx. On the 
other hand, the method we used seemed to produce quite reproducible results; the 
preparatory sigh while palpating the thyroid cartilage seemed to entail a sufficient 
reproducibility of the VLP in our subjects. 

We could use the TMEGG without complications in most of our subjects. How- 
ever, necks with too much subcutaneous fat caused difficulties, as the EGG-signal 
was weak in amplitude. This result was expected, as reliable EGG-data always are 
difficult to obtain from such subjects. 

The second main aim of our investigation was to explore which factors are rele- 
vant to the VLP. Lung volume appeared to be relevant, presumably because of the 
dependence of tracheal pull on the diaphragm position (Zenker & Zenker, 1960). The 
significance of lung volume to VLP would be important to observe when the VLP is 
compared for a given pitch appearing at different positions in the same breath 
phrase. Ideally, the VLP can be compared only under conditions of similar lung vol- 
ume. 
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Pitch was found to be another factor of relevance to the VLP. For all soprano sub- 
jects in this investigation, the VLP increased with pitch in the upper part or in the top 
part of the range. This result would surprise many singing teachers who feel that a 
VLP that remains independent of pitch is an essential requirement for a good singing 
technique. In a study of two soprano singers, Ruth (1963), using X-ray technique, 
found that one soprano increased her VLP with pitch, while the other had a constant 
VLP. Ruth concluded that the soprano with a constant VLP had a better technique. 
Our findings do not support that conclusion. Furthermore, they are in agreement 
with those of Johansson, Sundberg, & Wilbrand (1985) who used lateral X-ray pro- 
files to study the vocal tract. Their results showed that the larynx rose with pitch in 
their two subjects, one soprano and one mezzosoprano, which, incidentally, was 
identical with subject BS in the present investigation. In any event, the present data 
suggest that a VLP changing with pitch cannot be accepted as a proof of a deficient 
singing technique, as the vocal techniques of both our soprano subjects were appar- 
ently appropriate for international careers. 

With respect to the baritone singers, the results were varied. One of our baritone 
subjects lowered his VLP when he raised the pitch, another subject kept it constant 
while the third subject raised it slightly. The VLP behavior among baritone singers 
seems to vary considerably. This seems to elucidate some results previously obtained 
by Shipp. Shipp & Izdebski (1975) observed a tendency among baritone singers to 
lower the VLP with rising pitch but for another group of singer subjects, Shipp 
(1984) found no clear dependence of VLP on pitch. 1 

Our findings suggest that the VLP behavior varies with voice classification but 
also both between and within individuals. As the VLP has a strong effect on both 

I vowel timbre and voice timbre, it seems very likely that the VLP is occasionally used I 

for the purpose of musical expression. , 
The mentioned relevance of lung volume to VLP may be significant to vocal peda- , 

gogy. In normal speech, the larynx typically rises with pitch. If a low VLP is recom- 1 
mendable in singing, most singer students must learn to abandon this habit. Our 1 
findings suggest that it should be easier to avoid raising the larynx for the high I 

pitches if they occur at the beginning of the phrase, such as in descending pitch pat- 
terns, than if they appear in an ascending pitch contour, i.e., at the end of the phrase 
when the tracheal pull is weaker. 

A wide pharynx seems essential for the production of a singer's formant, and a 
pharyngeal configuration producing such a singer's formant can be obtained by a 
low VLP (Sundberg, 1974). The singer's formant has been observed in basses, bari- 
tones, tenors, and altos (Seidner, Shutte, Wendler, & Rauhut, 1985). In the present 
study, all subjects except soprano HM performed most of the singing exercises with 
a VLP below the resting level, an observation in agreement with the observation by 
Shipp (1987) that "singers trained in the traditional Western opera style principally 

I I 
sang with laryngeal positions at or below the resting level regardless of the vocal 
frequency or intensity produced." On the other hand, the larynx tended to rise with 
pitch not only for the soprano and mezzosoprano subjects, but also for the tenor, 
while the VLP behavior varied among the baritones. This suggests that a lowering of 
the larynx is not the only way to establish a pharyngeal configuration compatible 
with a singer's formant. A further study of the relation between the VLP and the 
singer's formant seems indicated and is now feasible using a synchronous recording 
of sound and VLP. 



STL-QPSR 2-3/1992 

We found that in the mezzosoprano the variation in the VLP for a given pitch was 
smaller for high pitches than for low pitches (Fig. 7). A possible reason for the 
smaller variability at high pitches is that VLP plays a role in the pitch regulation in 
the upper pitch range. In other words, the m. cricothyroideus may be less relevant in 
the upper part than in the lower part of the pitch range. This assumption seems in 
accordance with ideas proposed by Sonninen (1956) and by van den Berg (1962); the 
lengthening of the vocal folds resulting from a given stretching force of the m. cri- 
cothyroideus describes an exponential curve. When the lengthening per stretching 
force has reached its maximum, a further modification of the vocal folds may be at- 
tainable by means of factors related to the VLP, since, according to Shipp (1977), a 
raised VLP stiffens, stretches, and thinnens the folds. 

The influence of vocal loudness on the VLP allows different interpretations. One is 
that the louder tones were produced with a wider jaw opening, which could affect 
the VLP measure. Such a dependence of the jaw opening on vocal loudness has been 
found in speech (Lindblom quoted in Sundberg, 1970). It is also possible that the 
change in VLP reflects the regulation mechanism that compensates for the effect of 
the changed subglottal pressure on pitch. More systematic experimentation is 
needed for clarifying this point. The availability of the TMEGG seems to be a highly 
valuable tool in such experiments. 

CONCLUSIONS 
From this investigation we conclude that: 
* the TMEGG seems to represent a method of obtainin reliable and reasonably B accurate estimates of VLP, and an improved routine or calibration and for 

fixin the TMEGG electrodes on the neck could probably increase the 
relia E ility; 

* the VLP behavior varies between voice classifications; 
* the VLP behavior varies to some extent within singers; 
* the VLP is frequently affected by lung volume, pitch, and vowel; 
* more detailed investigations are needed. 
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