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Table 1

Spearman’s rank-order correlation coefficients between the sonority/aperture proposed in the linguis-

tics literature and the factor scores obtained in the analysis, averaged over the same phonemes. From Nakajima

et al. (2017).

Sonority/aperture scale Factors

Low & mid-high Mid-low High
de Saussure (1916/1959) 0.3415 0.8251* -0.3597*
Selkirk (1984) 0.3025 0.8708* -0.2840
Harris (1994) 0.3691* 0.8218* -0.3863*
Spencer (1996) 0.5380* 0.8347*  -0.4549%*

Asterisks represent statistically significant correlation (p < 0.05).
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Fig. 1 Ablock diagram of the analysis. Two critical-

band-filter banks (A and B) were used. Each filter
output was squared and smoothed to obtain a power
fluctuation. Factor analyses were based on correlation
coefficients between the power fluctuations. From

Ueda and Nakajima (2017).

Ueda and Nakajima (2017) I, Plomp & 23H\>72
I FLEZIRL, 8 Fik HEDE®RDH 5 X
ZgiA LA IO L CGEB L e R T o 7,
SWHED 70y 754 775 L% Fig. 1 ITRT,
Zoahtick b, 8 FiEigIcEd 5 3T
VL ARTE, 4 FEEAEPET 52 8w
Holcmotz, 206 DRT-E X OB
1, HEMED) Z CEERKREZRZL TV
Z & (Kishida et al., 2016), FHEEGIHRIC X > TR
R ELA% S 5 — v D AU 212 X 2 BHIR B N o i
HONREL D, IRIFCE Y — 0 BRIk
BRSNS Z L (Uedaetal,2018) B3brotz, &
5 |2 Nakajima et al. (2017) 13, T#6 D 3 KFIC
L0, WEEORNE, Y, HEEZXTE S
Zl, HEYCERINTELRERELEINSD
A& E MBI %2 Ff> 2 & 278 L 72 (Table 1),

B AT FVOREINZICBIL T, 20
MHEFR0D 25LIEB T Ik, HHEOM
FOERIC OV THEHXRLELLINTED, FHEh

HSEIIE I 2 0 & 9 BEED D TH B, -

4 HADIAH

BAZRA T 2561, UTOX)IcAFT2
TRl S %,

N =cxP 6]

22T, NIZEBRSMEDKIG L 72 8Ul, ¢ 13E
B, X \ZHEOWBNEE, BIEREEEICK S
TIREINDELT, BREBMEIC K> T OfEd?
W2,

5 HREULES DA

51 /NEREUESDEHA
ik D LNIVLHNE, ZofloXHIciREL
KR FZIRD, il d 3,

511 JVNEIRH UES DOEERA)

ML D BN VAL, 2o k5 IcHH
LIcE52ikD, didd %,

SRR

de Saussure, F. (1916/1959). Course in general lin-
guistics (McGraw-Hill, New York).

Fletcher, H. (1940). “Auditory patterns,” Rev. Mod.
Phys. 12, 47-65.

Harris, J. (1994). English Sound Structure (Black-
well, Oxford).

Ishida, M., Samuel, A. G., and Arai, T. (2016). “Some
people are “More Lexical” than others,” Cognition,
151, 68-75.

Kishida, T., Nakajima, Y., Ueda, K., and Remijn,
G. B. (2016). “Three factors are critical in order



to synthesize intelligible noise-vocoded Japanese
speech,” Front. Psychol. 7(517), 1-9.

Klein, W., Plomp, R., and Pols, L. C. W. (1970).
“Vowel spectra, vowel spaces, and vowel identifi-
cation,” J. Acoust. Soc. Am. 48, 999—-1009.

Nakajima, Y., Ueda, K., Fujimaru, S., Motomura, H.,
and Ohsaka, Y. (2017). “English phonology and an
acoustic language universal,” Sci. Rep. 7(46049),
1-6.

Peterson, G. E. and Barney, H. L. (1952). “Control
methods used in a study of the vowels,” J. Acoust.
Soc. Am. 24, 175-184.

Plomp, R., Pols, L. C. W., and van de Geer, J.P.
(1967). “Dimensional analysis of vowel spectra,”
J. Acoust. Soc. Am. 41, 707-712.

Plomp, R. (1976). Aspects of Tone Sensation: A
Psychophysical Study (Academic Press, London),
pp- 97-100.

Pols, L. C. W., van der Kamp, L. J. T., and Plomp,
R. (1969). “Perceptual and physical space of vowel
sounds,” J. Acoust. Soc. Am. 46, 458—467.

Pols, L. C. W., Tromp, H. R. C., and Plomp, R.
(1973). “Frequency analysis of Dutch vowels from
50 male speakers,” J. Acoust. Soc. Am. 53, 1093—
1101.

Saberi, K. and Perrott, D. R. (1999). “Cognitive
restoration of reversed speech,” Nature, 398, 760.
Selkirk, E. (1984). “On the major class features and
syllable theory,” in Language Sound Structure:
Studies in Phonology Presented to Morris Halle by
His Teacher and Students, edited by M. Aronoff
and R. T. Oehrle (MIT Press, Cambridge, MA), pp.

107-136.

Spencer, A. (1996). Phonology: Theory and Descrip-
tion (Blackwell, Oxford).

Steffen, A. and Werani, A. (1994). “Ein Experiment
zur Zeitverarbeitung bei der Sprachwahrnehmung
(An experiment on temporal processing in speech
perception),” in Sprechwissenschaft & Psycholin-
guistik (Speech Science and Psycholinguistics),
edited by G. Kegel, T. Arnhold, K. Dahlmeier,
G. Schmid and B. Tischer (Westdeutscher Verlag,
Opladen), pp. 189-205.

Ueda, K., Araki, T., and Nakajima, Y. (2018). “Fre-
quency specificity of amplitude envelope patterns
in noise-vocoded speech,” Hear. Res. 367, 169-
181.

Ueda, K. and Nakajima, Y. (2017). “An acoustic
key to eight languages/dialects: Factor analyses of
critical-band-filtered speech,” Sci. Rep. 7(42468),
1-4.

Ueda, K., Nakajima, Y., Ellermeier, W., and Kattner,
F. (2017). “Intelligibility of locally time-reversed
speech: A multilingual comparison,” Sci. Rep.
7(1782), 1-8.

Ueda, K., Nakajima, Y., Kattner, F., and Ellermeier,
W. (2019). “Irrelevant speech effects with locally
time-reversed speech: Native vs non-native lan-
guage,” J. Acoust. Soc. Am. 145, 3686-3694.

Zwicker, E. and Terhardt, E. (1980). “Analytical ex-
pressions for critical-band rate and critical band-
width as a function of frequency,” J. Acoust. Soc.
Am. 68, 1523-1525.



