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Abstract

This study aimed to compare acoustic measurements by the high, middle, and low laryngeal heights of male musical
theater students. Furthermore, the correlation between the relative height of the larynx and the acoustic measurements was
examined, along with the predictability of the relative height (vertical position) of the larynx from acoustic measurements.
The participants included five male students majoring in musical theater singing, and acoustic analysis was performed by
having them produce the /a/ vowel 10 times each at the laryngeal positions of high, middle, and low. The relative vertical
positions of the laryngeal prominence in each position were measured based on the resting position. Results indicated that
the relative position of the larynx varied significantly according to laryngeal height, such that as the larynx descended, the
first three formant frequencies decreased while the spectral energy at the same frequencies increased. Formant frequencies
showed a weak to moderate positive correlation with the relative height of the larynx, while the spectral energy showed a
moderate negative correlation. The relative height of the larynx was predicted by eight acoustic measures (adjusted R* =
.829). In conclusion, the predictability of the relative height of the larynx was partially confirmed in a non-invasive
manner.
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Figure 1. Example of measuring the relative height of the laryngeal
prominence at rest, high, mid, and low laryngeal positions
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Figure 2. Example of spectrograms of vowel samples at high, mid, and low
laryngeal positions
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Table 1. Relative height of the larynx in high, middle, and low positions

Lar}fn.geal Mean Stan.da.rd de- Maximum | Minimum
positions (cm) viation
High 0.134 0.317 —0.8 0.7
Middle —0.658 0.275 —1.4 —0.1
Low —1.750 0.304 —2.8 —1.1
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1,011.59-1,498.74 Hz, 958.42-1,262.01 Hz, 887.65-1,427.13 HzS]
© 1, F3+= 2,109.50-3,044.12 Hz, 2,306.74-2,975.92 Hz, 2,098.69—
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Table 3. Comparison of acoustic measures related to voice quality
according to the laryngeal positions

2. Foe] Aol mE TUEs} 2HEH oA S| vl Laryngeal | ot | Middle | Low | Fovalue | povalue
Table 2. Comparison of formant frequencies and spectral energy measures positions

according to the laryngeal positions Jitt (%) igg; ig;z ig?g 3275 042"
I};";Zi’liizl High | Middle | Low | F-value | p-value Shim (%) ié:g: :l:é:;; iﬁ:% 1.855 | .002™
v | 98| E W | | 2] 2] 00 |
| | e o[ e | BB] B8 B3 |
R e B P R R
i [Tt | S [ [ | 25| 8| 8
| o] GRS o e | 8] 48] ] |
aras) | 20 | | dam | 19| esD S| S | i | 626 "
| BT EE N L [ e
e I I I T i e e

Values are presented as mean+SD.

p<.001.
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Figure 3. Correlation heatmap between the relative height of the larynx and
acoustic measurements

(unstandardized B coefficient=027, p=.007), F3(8=.002, p<.001),
A3(B=.057, p<.001), F2(B=.003, p<.001), H1(B=033, p=.013),
SR(B=.028, p=.001), A2(B=.018, p=.033), F1(B=.002, p=.039)= 8
7Ne] W B o3t o S MR B E3EQITE BE 9
SHRloM taaAd 2 EAIAE A 94k H(variance inflation
factor<10). $-72] Fth 2] zole} 3]7] 73} o573k A=
T 19 40l A A E o] itk

Relative height of the larynx (cm)

2 -1 0 1 2 3

Standardized predicted value

29 4. 50 Fh olst 819 Eas) ol Sghe]
Figure 4. A scatterplot of the relative height of the larynx and predicted
Z-scores

747) S| A R ] 3925 EsHd of e} 2™ 4).

Relative height of the larynxz

=—9.813—.027 < A1 +.002 X F3—.057 < A3
+.003 X F2—.033 X H1 +.028 X SR+ .018 X A2

+.002 < F1
M

FA ALY FF §719) 2ol 5 VFEoE $F2 AE o
= AA S gk, 28 o]el] tiulste] A7 3914 o &
sto] Alake 72 A A =olel tisk o Sko] 3 5o AlA
o Qlt} 52| o] 2ol wEl At Eo] A53e] #
95k z}o] 7} Q1O M (F=441.359, p<.001), AFFE-A A3} 31,
%, A =07 BE Ul 1F AR 7F F-2 8l thp<.001).
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Table 4. Summary of stepwise regression model predicting the relative height of the larynx

Acoustic R R’ R* change |Adjusted R*| F change df Beta p-value t-value VIF
parameters
Al 683 466 466 462 129.081 1,148 -169 007" 2.725 3.352
F3 773 597 132 592 48.049 1,147 469 <.001™" 12.313 1.262
A3 847 717 119 J11 61.495 1,146 -514 <.001™ | —9.159 2.736
F2 .892 796 .080 791 56.635 1,145 476 <.001™ 9.029 2.415
H1 905 .819 022 812 17.640 1,144 -119 018" -2.393 2.158
SR 908 .825 .006 818 5.262 1,143 .180 001" 3.468 2.351
A2 913 .833 .008 824 6.571 1,142 123 033" 2.157 2.805
Fl 915 .838 .005 .829 4345 1,141 092 039" 2.084 1.703

"p<.05, "p<.01, " p<.001.

A, amplitude of formant frequency; F, formant frequency; H, amplitude of harmonic; SR, L/H spectral ratio, VIF, variance inflation factor.
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Table 5. Measured and predicted value of the relative height of the larynx
in high, middle, and low laryngeal positions

Laryngeal positions Measured value Predicted value
High (cm) 0.134+0.317 0.107+0.439
Middle (cm) —0.658+0.275 —0.808+0.267
Low (cm) -1.750+0.304 -1.573+0.217

Values are presented as mean+SD.
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Table 6. The unstandardized coefficients, standard errors, standardized coefficients, and beta weight coefficients of variation for each predictor as determined

via randomized and repeated cross-validation

& Ferguson(2001)2] -2} el %

A

Parameter Unstandardized B Standard error Standardized coefficients Beta welg:ht‘coefﬁ(:lent
of variation (%)

Constant —9.807+0.638 1.232+.062 - -

Al —0.028+0.007 .012+.001 —171+.043 26.17

F3 0.002+0.000 .000£.000 471+.026 25.44

A3 —0.057+0.005 .007£.001 —.520+.043 31.38

F2 0.003+0.000 .000£.000 473+.031 8.31

Hl —0.032+0.008 .016+.001 —-116+.030 35.94

SR 0.027+0.006 .009+.001 .178+.038 6.63

A2 0.018+0.006 .010+.001 127+.040 5.45

Fl 0.002+0.001 .001£.000 .091+.033 21.06

Values are presented as mean+SD.
A, amplitude; F, frequency; H, harmonic; SR, L/H spectral ratio.
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