








Table 1. List of Khmu’ word pairs spoken from 3 to 6 times each by 25 native speakers

Register 1 Register 2

transcription gloss transcription gloss
khéem Johnson grass khéem waterway edge
130k haunted 150k to peel off
mar sterile mar snake
misg fermented tea leaves mion to chew
phak vegetable phak to ride
phée wound phée raft

phli? firework phiu? thigh

rdap tooth raag flower
wiak to hang wak abyss

Each word was inspected in a combined waveform and spectrographic format, and its visible
beginning and ending points were identified and stored. A similar procedure was used to visually iden-
tify and store the onset and offset points of ‘steady-state’ regions of the spectrum, regions in which the
variation in first and second formants was less than the difference limens of 70 and 170 Hz [Flanagan,
1955a; Mermelstein, 1978].

Praat, Matlab®, and StatView® software was used throughout to perform acoustic and statistical
analyses in the manner described in greater detail in an earlier paper [Abramson et al., 2004]. Some
empirical modifications were made to portions of the Matlab software in an effort to improve the pre-
cision of formant extraction. However, we ultimately chose to rely upon formant-frequency data that
we obtained by the combined visual inspection of broad-band and narrow-band spectrograms and
narrow-band cross sections of steady-state regions of the speech data.

Amplitude and FO Contours

Overall amplitude values in decibels and glottal frequency (F0) values over a 75- to 600-Hz
range were obtained at 10-ms intervals for each utterance. Visual inspection was employed to elimi-
nate some instances of frequency doubling, and the resulting frequency values were then converted
from Hertz to semitones using the formula Ppiones = 3.32 X 12 X log,o((FOy,)/base). This conver-
sion, done as part of the normalization across speakers, was meant to more satisfactorily approximate
the listeners’ sensation of pitch. In the case of each speaker the ‘base’ was the minimum FO frequency
measured for that speaker across all utterances in both voice registers. Thus, for each speaker, a single
base value was computed and applied in the conversion of all FO contours in both registers. Next, both
the frequency and amplitude data were time-normalized to fit 100-point scales, and, using these scales,
the amplitude and FO data for different subgroups of subjects (males vs. females; old speakers vs.
youthful speakers) and the entire coterie of speakers were averaged. Graphs of these data are shown in
figures 1-10. Finally, to help us examine the differences between the time-normalized contours in each
register, we borrowed a procedure from the previous study. Basically, this involved the examining of
plots of the averaged data and selecting sectors along the normalized time scale where the largest dif-
ferences in rate of change of amplitude or FO between the two Registers were apparent. Thus, in this
instance, we divided the time scale into four sectors (1-25, 26-50, 51--85, and 86—100) and computed
the gradients of the Register 1 and Register 2 contours in each sector. Thus, for each utterance by each
speaker, four gradients were calculated by linear regression. Then for each of the gradients 14, each
speaker’s repetitions of a given word in a given register were averaged. This procedure led to the for-
mation of a data set of 1,800 measurements (25 speakers X 9 words X 2 registers X 4 gradients) that
was subsequently submitted to a repeated-measures analysis of variance (ANOVA).

Formant Frequencies
Shortcomings in the quality of the speech, primarily due, we believe, to the generally soft speech
of the speakers but also partially due to background noise, led to numerous small errors in the results
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Table 3. FO gradients

Groups Source Sector 1 Sector 2
Fdf) F MSe p Fdf) F MSe »p

All Register (1,24) 15.601 0.046  0.0006 (1,24) 107.74 0.068 0.0001
speakers  Word (8,192) 16973 0.020 0.0001 (8,192) 20482 0.015 0.0001
Reg X Word (8,192) 10553 0.009  0.0001 (8,192) 35905 0.010 0.0001
Male Register (1,8) 0.014 27E-5 09073 (1,8) 54.564 0.022 0.0001
Word (8, 64) 9.510 0.008  0.0001 (8,64) 9.665 0.005 0.0001
Reg X Word (8, 64) 4823 0003 0.0001 (8,64 12.362  0.003 0.0001
Female Register (1, 15) 32787 0.070  0.0001 (1,15) 58.819 0.047 0.0001
Word (8, 120) 9421 0013  0.0001 (8,120) 17.146 0.012 0.0001
Reg X Word (8, 120) 8366 0.008  0.0001 (8, 120) 27.657 0.008 0.0001
(0)] Register 1,5) 0013 3.1E-5 09141 (1,5 73418 0.025 0.0004
Word (8,40) 7.075 0.006 0.0001 (8,40) 3.007 0.003 0.0097
Reg X Word (8, 40) 5460 0.004  0.0001 (8,40) 5.507 0.002 0.0001
Young Register (1,4) 23724 0013 00001 (1,4 21960 0.005 0.0094
Word (8,32) 3035 0.003 00116 (8,32) 8.880 0.003 0.0001
Reg X Word (8, 32) 5.889 0.003  0.0001 (8,32 14.587 0.002 0.0001

Groups Source Sector 3 Sector 4

Fdf) F MSe P Fdf) F MSe p

All Register (1,24) 257.02 0217 00001 (1,24) 10794 0.055 0.0031
speakers Word (8,192) 118.80 0.178  0.0001 (8,192) 20.645 0.193 0.0001
Reg X Word (8,192) 13367 0.006  0.0001 (8,192) 1669 0.006 0.1083
Male Register (1,8) 86.231 0052 00001 (1,8) 0505 0.002 04975
Word (8,64) 73970 0062  0.0001 (8,64) 12.643 0.103 0.0001
Reg X Word (8, 64) 7719 0003  0.0001 (8,64) 0.247 0.001 0.9799
Female Register (1,15) 2276  0.170  0.0001 (1,15) 12766 0.069 0.0028
Word (8.120) 64722 0.009 0.0001 (8,120) 12993 0.116 0.0001
Reg X Word (8, 120) 7.419 0.003 0.0001 (8,1200 3.032 0.011 0.0039
Ol Register (1,5) 42921 0.052 0.0012 (1,5) 2177 0.030 0.2001
Word (8, 40) 25711 0.048  0.0001 (8,40) 7.171  0.078 0.0001
Reg X Word (8, 40) 3391 0.001 0.0046 (8, 40) 0.449 0.003 0.5930
Young Register (1,4) 10227 0034  0.0005 (1,4) 1.743  0.006 0.2573
Word (8,32) 21.119 0.026  0.0001 (8,32) 3470 0.033 0.0055
Reg X Word (8, 32) 4818 0.003  0.0006 (8,32) 0.151 0.001 0.9956

Probability p that the hypothesis that of a zero difference between the FO gradients of Registers 1 and 2 is true.
The analysis was performed in four sectors of each time-normalized utterance duration. Results are shown for a
group of 25 speakers and four subgroups of those speakers.

contours and intensity contours, with 1 semitone in FO corresponding to about 1dB in
SPL. This rule has a support in our data on prose reading.’

To this may be added another possibility on the assumption of a state of linguistic
flux in which a transition from registers to tones is not complete. To the extent that
breathy voice is a property of Register 2, especially for the women, one would expect
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