FU
IN: Proceedings of the Fourth International
Symposium on Languages and Linguistics:
Pan-Asiatic Linguistics, Volume 1, pp. 1-10,.

~The Stability of the Thai Three-Way Veicing Distinction in
) Conversation

Arthur S. Abramson
The University of Connecticut and H.askm:. Labarstories
1. B'ackground '

1.1 Laryngeal timing in voicing distincrions

Fur Standard Thal. earlier acouste (Lisker and Abramsenl964, Abramson
1989) and percepmal (Lisker and Abramson 1970, Abramson and Lisker 197
studies revealed the importance of the emporad control of the luryngeal uperture
{the glowtis) in differentating the categories of stop consunants traditionally catled
voiced, vuicaless unaspirated, and voiceless aspirated.
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Figure 1. Wavefurms above and spectrograms below of 4 minimal wiplet of Thai
words differentiated by voice timing, A = voicing lead: B = short lag: C = long lag.

The citation forms of three Thai words in Figure 1 iilustrate the situation for
utterance-initial position. The common convention is to measure voice unsel time
(VOT) with reference to the moment of release of the consonantal occlusion, which
is assigned the value of 0 on’the time-line. Thus, in Figure I, the word fdajl
‘which’ has “voicing lead” with a negative value in temporal units, here
milliseconds, telative to zern. The woicing lead is a low-frequency resomance
during much or all of the stop closure. This is seen in A in the spectrogram and in
the corresponding portion of the waveform above. As is typicul of voiceless
unaspirated stop consonants, the word ftaj/ ‘kidney” has a very short “lag” afler the
release before the onset of glottal pulsing; this is shown in B, where we can see the
vertical striation for the release and almost immediately thereafter the onsel of
voicing, The initial aspirate of /thaj/ “Thai' has a long voicing lag, as shown inC. It




Is eusy to see that the formane structure of the lag, especially for the higher
frequencies, is acoustically excited by turbulence coming from the gpen glottis; this
is the physical correlate of the phonetic propenty of aspiration. The wrbulence s
also visible in the beginning portion of the waveform above,

As is well krown, tmaong the consonants of Thaj voicing is phonologically
televant only for (he plosives. In addition, the three-way distinction is found only
i the lubial and dental stops. Thad is, the paradigm might be said to be defective for

1.2 The robusiness of acaustic cuex

For a long time, the field of experimental phonetics hay concentrated on short
utierunces, notably citdon forms, in jis undertuking 0 uncover the linguistically
relevant int‘unnuliun-benting properiies of the acnustic signal. The wse of
“laboratory speech” allowed for Buod experimental control of vatiables and led 1w g
rather elaborate inventory of “acoustic cues” that differentiale phonemes in
production and perception. In recent years, some investigators have begun
wonder how robust these cues are in Spontanecus running speech. Could it be that
some of them, no matter how puwerful they are in citation forms, simply have litle
01 no use in natitral unrehearsed speech? If s, what other phonetic properties, and
not just redundancies from higher levels of the grammar, fulfill their apparent
function?

- hypothesis 10 be tested here is that even in reluxed Spontanenus conversational
-speech the dimension of veice timing teliably maintains the three-way voicing
contrast of spoken Thai.

2. Procedure
2.1 Recording

Recording long sessions of nagura] conversation on tape is hard to arrange, If
you do it unbeknownst to the speakers, ethical questions of privicy arise, Indeed,
in same pluces and circumstances it may even be illegal. For the present work | wis
fortunaie in having four members of the sl of Chulalongkarn University, two

couple at a time, and carry on & very pleasant chat abogt personal and professional
topics of current interest, Each couple consisted of a man and 2 woman,

Each conversation lasted ten or fifteen minutes. The speech was very natural,
varying greatly in tempo. emphasis and clarity, Parts of the conversations, not




surprisingly, were unusable because of overlapping uiterances, laughter, and other
distortions.

Dividing exch persun's share in a‘conversation into spans of ten seconds or so,
| digitized the speech at a sampling rate of 12,100 Hz for analysis in the
Signalyze™ computer progeam, 1 identified for analysis all morphemes ‘that T could
recognize, in context, (o be in the Thai lexicon with particular stops or affricates.
For some uncertain instances I had the help of a native speaker of Thai. ltems that 1
could not identity, with or without help, were not unalyzed. Anything after u pause
wus taken to be utterance-initial, . '

2.2 Stop consonants

My procedure was o measure the voice timing of all stops with reference w
the closure and its release, The simplest case was that of utlerance-initial position,
where it way only necessary to do a conventional measurement of VOT, as in
Figure 1. Thus A in Figure 2 shows long voicing lag for utterance-initial fh/. In
‘uuterance-medial position [ determined whether there was a voicing break, asin C in
.- Figure 2 and A and B in Figure 3, S
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Figure 2, Waveform and smctmgmm of an excerpt from the speech of PM, A =
long vuicing lag for /kb/, B = unbroken voicing for intervocalic o/, C = full voicing
hreak l';)r intervocalic /e/, with short lag during the frication to the right of the
vertical line. :

The treatment of the medial occurrences is 4 hit maore complicated. My
procedure was (o measure the duration of each voicing hreak in the region of the
consonant and 0 note how much of that break was found before the release and
how much after it. Any break after the release is, of course, the same as VOT. This
condition is found in A of Figure 3, where the s:ip[pled right-hand portion of the
break indicates post-relesse voicing lag. (The affricates in the figures will be
discussed separately.) If @ nominally voiceless consonunt showed glottal puising



from a preceding context going though its closure or constriction, 1 could record
only a measure of past-release voicing breuk, i.e., woicing lag, Most of the medial

-voiced stops were in eavitonments of preceding voicing and showed no voicing

break; these were tabulated as having unbroken pulsing, as in B in Figure 2,

L

Figure 3. Waveform and spectrogram of an excerpt from the speech of PM. A =
tofal voicing break for the intervocalic /v, but only the short stippled portion to the
right represents voicing lag; B = tolal voicing break for fchf, with most of it
stippled to stand for frication with open glottis.

2.3 Affricates . ) _:

Conventionally, probably because it seems to yield phonological symmetry, the
alfricates /c ch/ are aligned respectively with the inaspirates and aspirates of the
stop system. Actually, the frication of the “aspirated” affricate (Fig. 3), as_well as
the very brief frication of the unaspirated affricate (Fig.2), is locally generated in the
anterior purt of the mouth where the tongue-blade is constricted close to the alveolo-
palatal surface. In other words, these plosives are formed by closing the vocal tract
as for a stop und releasing the closure into a shorter or longer fricative, Since it is
true that the glotlis remains open during the frication, it will be canvenient here 1

- use the sume criteria for the alfricates as for the sto

~ In Figure 2, then, C shows the total voicing gsr;nk for fe/, with its frication-
duration or short voicing lag indicated by the stippling to the right. An instance of
fch/ is shown in B of Figure 3 with most of its voicing break taken up with frication
or long voicing lag. Note, by the way, that although voicing begins in the lower
formanis at the end of the rectangle marked B, in the uplpcr region of the spectrum,
from about 300 Hz upward, there is still much wrbulence mixed with the voice
pulsing, supgesting that the vocal folds have not yet fully approximated for normal
voicing. In such instances, the perceptually relevant exact moment of yoice onset
time might be a matter of the relative intensities of the components (Repp 1979).



24 Word-final stopy -

A Thai syllable ending in & stop is most likely to be a word or morpheme. In
this position there is no vimtrast of voicing or aspiration, Sich linal stops in cition
lorms or fairly slow, curefyl speeck haedly ever exhihit glowal pulsing during the
closure (Abramson 1972). Pechaps, however, in casua) nunning speech there would
be more variation. I noted all final stops as (o their oceurrence in utterance-fingg
position, before a voiced segment, or belore a voiceless segment, and as 10 whether
Blowal pulsing was present in the closures,

3. Results
3.1 Stop consonanis

At the present stage of this research, 1 have exhuustively anuiyzed the
productions of just one of the Speakers, ST, but only hall or fewer of (he
productions of the other three speakers, Doing preliminary statistics on the voicing
breaks of ST, 1 found that he had a highly significant dillerence between the ]
breaks of the aspirates and those of the inaspirutes, while his differences in the
breaks befure consonantal release were nut signilicant, Clearly, then, the
responsibility for the significant dilference in the totaf breaks lay in the voicing lags.
Inspection of the data for the other three speakers gave the sume oulcome; therefore,

data here will be only for the post-release voice unsel times (VOT) fur the
voiceless stups. For the voiced Staps, VOT will be piven in fnegative values of
voicing lead,
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Figure 4.' Labial VOT: Meaﬁs and standard deviations for the pocled data of ail four
Speakers. Number of items: /b/ = 4,/p/ =38, /ph/ = 36.

The pooled YOT data for the four s_ﬁake § are given in the graphs of Figures
4, 5, and 6 by pluce of articulation, The very small numbers of voiced stops



displayed must be understood in light of the fact that Most gceurrences of /b &f
exhihitad unbroken pulsing through their closures. For /b/ there were an additiona
20 unbroken itemg (33.3%) and for /df and additional 32 items (82.19M).

60 : : :

L

-100

i b4 ith/
Figure 5. Dental VOT: Means and standard deviations for the pooled data of afl four
speakers. Number of items: /d/ = 7, /t/ = 41, /thf = 4],
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Figure 6. Velar VOT: Means and standard deviations for the pooled data of all four
- speakers. Number of items; /k/ = 43, kh/ = 87,

In Figures 4, 5, and 6, the consonants are rather well separated by VOT. That
is, metely separating the data according to place of articulation ignures individual-
speaker differences and variation in such contextual factors as tempo, tone, sentence

Intonation, and neighboring segments; nevertheless, the VOT dimension dves a
goud job,



The meusurable voiced stops in Figures 4 und 5, with their clearly negutive
VOT values shown as means and standard deviations below the zero-ling, it seems
lo me, ure so clearly in a special category, especially since so many more of them
have unbroken pulsing before the release, that there is no need to uppose them .
statistically to the voiceless catepories. Cunseyuently, I have iimited my tests for
signiticance to the contrast between the inaspirates and  aspirates in the following
tables. In addition, the paucity of data at this point for theee of the speakers mukes it
undesirable o treal cach place of articulation separately, except for the affricates.
ST, vn the other hund, has plenty of dats, so his stops will appear by place of
articulation in a separate tble. The stutistical analysis was done by means of
unpaired two-tailed r-tests for significant differences hetween the means, In the few
instances of matched numbers in the pairs, a paired rtest was used. This is
indicated in Tabie 3.

Table 1 gives the duta by aspiration category for euch speaker in the group of
three. The levels ol signiticance are high for all of them, -

Tuble 1. Positive voicing breaks (VOT} in the snaspirated and wspirated voiceless
groups for three of the speakers: Meuns, standard deviations, and significance
levels from unpaired \-texsts.

Speuker: . MM TL SA
pLk/
M 15.1 13.0 15.4
SD 7.5 6.4 9,7
n 20 ‘ 16 17
/ph th kbv/
M 42.1 54.6 50.9
SD 12.6 26.8 14.2
n : 29 23 24
df 47 KY) 39
1 -8.6 -6.1 -89

r AT 0001 REV |

Table 2 is arranged a litde differently, The pairs of opposed consonants from
the conversational material of ST are displayed by place of articulation from left w
right. Here too the ditferences are highly signiticant.

‘Table 2. Positive vaicing breaks (VOT) in the voiceless stop consonants of Speaker
ST.

: oo : N M XN
M 9 449 4.1 373 183 49.6
SD 7.1 - 177 70 175 1IL1 189
n 23 16 2% 22 24 50
df : 37 46 72
t . .88 . 6.2 7.5

P L0001 0001 00t



3.2 Affricates

The VOT data for all four speakers are given in Figure 7. The numerical data
for each speaker are given in Table 3. The levels of significance ure quits high
aithough less so than for the stops.
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Figure 7. VOT in the affricates: Means and standard deviations for the pooled data
of all four speakers. Number of items: /cf = 56, /chf = 35

.

Table 3. Positive voicing breaks (VOT) int the aﬁ':ricates of all four speakers.

,Sdpea.kcr: M L SA ST
M 26.6 21.2 344 24,7
SD 9.7 9.7 9.5 11.2
n 5 5 18 28
fcl/ . . -

M T8 69.1 55.3 61.7
SD 13.8 2.1 21.5 12.8
n 5 5 1z 13
df 9 9 28 39
t -5.8, paired -4.7, paired  -3.6, unpaired -9.4, unpaired
P 0002 L0011 0011 0001

Given the lack of a voiced velar and a voiced palatal in the language, one might
wonder whether the pressure of the tphonological system is enough to prevent the
inaspirates of these two categories from being assimilated to contextual voicing,
After all, if it happens, thers can be no <ommunicative confusion. In fact, there is
only a very slight tendency in this direction, even in my sample of casual running
speech, Out of 46 tokens of initial M/ § (10.9%) show unbroken pulsing. As for
initial /o/, out of 58 tokens 8§ (14%) have unbroken pulsing, '
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3.3 Finul stops

The Nndings For the word-finad oral stops are given in Table 4. The closures
arc predominantly sitent, Only a smadl number show voiced closures, und most ol
them are before following voicing .

Table 4. The occurrence of glottad pulsing in the clusures ol word-linal stops for the
- [our speukers.

Final Oral Stop Number Number Voiced Y% Vuiced
i 23 3 3.0
W 0 3 15.0
7 22 l 4.5

4. Discussion and Conclusion

The tindings of the present study evidently support the conclusion that cven in
spontancous funaing specch charmcterized by much variubility, as well as by the
supplementing of phonctic propertics with much top-down inlurmation,  the
dimension of voice Gming, alrcady found 10 be powerful in citaton forms and short.
utlerances, remains a very good differentizitor of homorganic plosive categories.
Alllough the pre-release voicing breaks in aon-initial position do ot serve o
distinguish the inuspirates from the aspirates, they may sl play a role i separating
these twa categurics from the voiced stops. :

The failure of most linal stups, in spite of the lack of contrst, o be assimilated
to neighboring voicing states may sugpest that @t lfeast in final position  the
devoicing gesture may he onc of glowal closure or constriction (Harris 1972:13-14).
In initial position, however, the voiceless inaspirates are o fikely 10 have
instrumentally detectable turbulence during their very short voicing lag Tor this
mechanism w be plausible.

Also noteworthy is the general proservation of the voicelessness ol inidal &/
and /e/ in spite of the luck of a voiced counterpart, This kind of finding is pleasing
o the linguist's beliel in the pressure ol the overall system.
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