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overlap of this sort, Bradley's falling tone shows no initial rise
and starts its fall somewhat below the level of the mid tone. In the
present study, all instances but one of the falling tone that have no
initial rise, e.g. /sii/, start rather high in the speaker's voice
range; the exception is /s3y/. Aside from problems of instrumen-
tation, Bradley's results were also limited by his small sampling
of Thai speech, apparently little more than the /naa/ set of mor-
phemes.

To the extent that Bradley's measurements da accord with the
findings of the present study, it would be interesting to see whether
auditoty descriptions of the Thai tones published before 1911 are
less strongly supported by acoustical measurements. One such -
description!® seems to exist but was unobtainable,

Although considerably more than enough syllables were exam-
ined in the present study to arrive at the average tonal patterns of
minimal utterances, a much larger number would be needed for a
detailed allophonic study of the tones in all vocalic and consonantal
environments. The present chapter could serve as a basis for such
an investigation, Indeed, the frequency values of Tables 3,2-3,
limited in this respect as they are, do at least contain some hints
of what might be found, For example, the high tone on [18m/ is
unique in that it rises from the bottom of the speaker’'s voice range,
but it turns out that the initial stretch from 83 to 120 cps coincides
with the [1]. The variant of this tene before final stops and zero
has already been mentioned (Fig. 3.5).

It should be noted that the emphatic tone is higher a.long most
of its length than the high tone but is roughly similar to it in contour,
even though it reaches its high point sooner than the high tone does.
It is thus easy to understand, at least on phonetic grounds, why M.
Haas considers it a modification of the high tone,}*

2. Running Speech
The intersection of tones with sentence intonation is a cornpli-
cating factor that remains to be explored. With this in mind, long

passages of narrative and conversational material have been elicited
from E. N. and K, S. and recorded on tape.

3. Perception

The results of Tests 25-28 make it evident that Thai subjects can
identify the tones of monosyllabic utterances with a high degree of
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accuracy, These experimental data do not agree with R. B. Noss’
impressionistic observation!® that the mid and low tones are not
distinguishable in isoclation. Specifically, he aé,}is, /lom/ *wind’
and /1om/ ‘mudhole’ can be distinguished only in an environment
where relative pitch criteria are available, such as / pen /
‘Itis ....'.. No such difficulty was evident in Tests 25-281 Indeed
in Test 26 on the /lom/ set, a liberty was taken with the random-
ization. The first two items in the test order were made recordings
of /16m/ on the hypothesis that if Noss was right, the subjects would
glve random responses of /lom/ or /1dm/ or, at the very least,
show a fair amount of confusion. This did not happen. That the mid
and low tones are distinguishable in isplation is easy to understand,
given the difference in shape between the two contours (Figs. 3.5-6).

An important extension of the experiments on the perception of
tonal features would be a series of discrimination studies to deter-
mine the physical ranges of the tones and the perceptual crossover
points between them, This can be undertaken with the successfully

~generated synthetic tones made for the present study as a point of
departure. ‘ .

Further work should be done also on phonetic features concom-
itant with the tones. An acoustic analysis will yield data of interest
to problems of tonal perception in whispered speech and may also
pave the way for experiments with synthetic speech in which pitch
is held constant while variations are made along other parameters.
The results of Test 31 seem to indicate quite clearly that pitch over-
rides the concomitant features, but it will be useful to see whether
sufficient accentuation of these features can be made to override
pitch in Thai subjects’ judgments of tones. The experiment would,
in a sense, be the converse of those comprising Test 31. Not only
would the results be of linguistic interest but also of interest from
the point of view of studies of auditory perception as well as that of
engineering problems in speech transmission.

y

Notes

1. ‘/kfé'eg/ ‘shin' was overlooked.
2. In /loolee/.
3. A kind of fish.

4. /ktaaw/ ‘odor' was pverlodked.
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5. The 100 cps tone used for making the ca.libration curve was
included in each spectrogram,

6. This instrumental finding seems to be what Gedney predicted '
from listening; see “Indic Loanwords in Spoken Thai,” p. 24.

7. For the glosses of the morphemes in the left-hand column,
see Table 3.1.

8. The [naa/ set and the /kfaj/ set. ,
9. E. g., B. O. Cartwright, The Student’s Manual of the Sia-

mese Language (Bangkok, 1915), pp. 29-31; M. R. Haas, _Te Thai
System of Writing (Washington, D, C., 1956) pp. x-xi.

10, M. E. Kroll, “Suprase'gmental Phonemes of Thai (Bangkok
Dialect)” (unpub. master's thesis, Georgetown U., 1956), pp. 11-13.

11.  “Graphic Analysis of the Tone-Accents of the Siamese Lan-
guage,” JAOS, XXXI (1911), 282-289. In a later publication, “On
Plotting the Inﬂections of the Voice,” U. of Cal. Pubs. in Amer.
‘Arch, and Ethnologx XXII (1916), 195-218, he discusses distortions
introduced by his earlier choice of scales and replots the falling and
rising tones,

12, George B. McFarland, Thai- English Dictionary (Stanford
1954 [orig. pub. 1941}, p. x.

13. Caswell, “Treatise on the Tones of the Siamese Language™
(Bangkok, ca. 1847 printed in Siam Repository, II, Bangkok 1870).

14, M. Haas, “Techniques of Intensifying in Thai,” Word II
(1946), 127-130.

15. *An Outline of Siamese Crra;mma,r” (uripub, Ph.D. disser-
tation, Yale U., 1954), Sec. 1.l.2. '



SUMMARY AND OUTLOOK

Although a lingunistic analysis of Standard Thai was not a primary
goal of this study, a brief description of the phonology has been given
as a framework for the acoustical measurements and experiments,
Within the frame of the syllable, twenty consonants, nine vowels and
five tones are established as the phonemes of Thai. Features of in-
ternal open juncture and sentence intonation are handled under syn-
tagmatic phonology. What with its intersections with the distinctive
tones, Thai sentence intonation is not easy to describe, but it is
tentatively accounted for in terms of two pitch registers and three
terminal junctures. Finally, there are the features of contrastive
stress and emphatic tone. Of the total phonology outlined, the vowels,
the tones and the emphatic tone have been examined acoustically and
experimentally in the present study.

Formant frequencies of the nine vowels of Thai, occurring as
single vowels, geminates and vocalic clusters, have been obtained
from spectrograms, The emphasis here was on citation forms, but
some measurements of vowel formants in a passage of narrative dis-
course have also been made. The prevalence of steady-state vowels
in citation forms is a noteworthy characteristic of the langnage. An-
other is the wide range of variation of / a/ if it is said to subsume,
as it is here, the second element of the three vocalic clusters.
(Tables 1.1-4.)

In experiments on the perception: of isolated vowels, Thai sub-
jects had no trouble in identifying a speaker's vowels even when they
were presented out of context. By means of similar identification -
tests, the subjects helped in arriving at a set of highly intelligible
synthetic vowels specifiable in terms of two formants only. These
two-formant synthetic vowels were based, initialljr, ‘on an informant's
average vowel productions. The synthetic versions were then re-
vised several times to take the perceptual confusions into account.
The synthetic vowels accepted as best by the listeners turned out to -
be very close in formant frequency values to the first two formants
of W. N.'s original utterances, indicating that, as expected, most
of the information on vowel quality is carried by the first two form-
ants., (See Table 1.11.)

138



Summary and Outlook | 139

Data on the durations of citation forms of the vowels have been
collected to furnish phonetic details on the phonemic contrast between
single vowels and double vowels, with the latter including geminate
vowels and the vocalic clusters /ia 4a ua/. The length contrast was
examined in connected discourse through measurements of vowels
in a passage of running speech and in pairs of minimally distinguished
morphemes embedded in a carrier sentence. (Tables 2.1-4.)

These data also show allophonic variations of length that are con-
comitant with the tones. At least for double vowels it can be said
that vowels on the mid and low tones tend to be somewhat longer, on
the high and falling tones, somewhat shorter, than on the rising tone,
(Tables 2.5-7.) _ ‘ ‘ :

Experiments on the perception of the distinction between single
and geminate vowels yielded two major results: (1) There were
distinct groupings of the single and geminate vowels, with a percep-
tual crossover zone between the two groups. (2) The groups were
clearly distinguished by duration, thus strongly supporting the pri-
macy of the quantitative feature over other features observed. (Fig.
2.5 and Table 2.8.) : ’ ,

A partial reservation to this conclusion must be made in the
special case of isolated vowels synthesized on the Pattern Playback;
two factors interfered with the discrimination of single and geminate
vowels: (1) abrupt formant endings on geminate vowels, giving the
impression of an unexpected glottal stop, and (2) instructions to the
listeners which did not take into account their expectations as to
tones. The matter of the glottal stop could not affect the results of
the experiments on vowel duration, however, because the only open
syllables used were on the high tone, and so a glottal stop was equally
likely after both the single and double vowel of each pair.. The matter
of tones has no bearing on the general conclusion, since tones were
kept constant in each experiment on vowel duration.

- Measurements of the fundamental frequency patterns of many .
sets of tonally differentiated syllables have yielded average cuxves
for the five phonemic tones on single vowels and on double vowels.

An average curve was obtained for the emphatic tone as well. (Figs.
3.5, 6, 8.) .

Experiments on the perception of the five tones had these major
outcomes: (1) The tones are identifiable in isolated monosyllables.
(2) Highly intelligible tones can be synthesized using the average
pitch contours that emerged from measurements of real speech. (3)
In the perception of tones, pitch convincingly overrides the effects
of concomitant phonetic features observed in the utterances. (Table
3.4 and Figs. 3.9-11.) ' ’
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Suggestions for further work stemming from certain aspects of
the present study are made here.

An obvious extension of the study is an a.nalys1s of a large and
systematic sampling of vowels and tones in connected speech, An
important part of this task would be an examination of the vowels in
all consonantal and tonal environments and the tones in all vocalic
and consonantal environments, '

The three major parts of this study provide an opportunity to
make advances in our understanding of the influence of phoneme
boundaries on the auditory discrimination of speech sounds, a topic
that has loomed large in recent research on the perception of speech.
Specifically, work at the Haskins Laboratories has thrown light on
the relation between the ability of listeners to group speech sounds
into phoneme categories by labeling the sounds and their ability to
discriminate between such sounds. Experiments on the stop conso-
nants of English have yielded rather sharp labeling functions and
high peaks in discrimination at the phoneme boundaries. That is,
subjects apparently interpreted these sounds only phonemically,}
These results, taken together with somewhat different results from
current work on English vowels,? have led to the following view of |
the perceptual process: a link between the perception of speech sounds
and feedback from the articulatory movements that the hearer would
use in producing these sounds, leads to categorical perception when
the phonemic distinctions involve no intermediate articulations; in
phonemic distinctions which rest on articulatory continua, perception
will be less categorical, and differential discrimination ought then
to be fairly constant throughout the range of variation.

The results and conclusions of the present study have given rise
to three experiments designeéed to test the second half oflbthis artic-
ulatory feedback theory. A test of the identifiability and discrim-
inability of thirteen qualitative variants along the F1/F2 continuum
on which Thai /ii ee sse/ lie has been begun.® Another experiment
in progress aims at doing the same thing for phonemic vowel length
in Thai.* A similar experiment on the mid and high tones of Thai®
yielded two results: (1) Difference in shape is a stronger cue than
pitch height for this distinction. (2) The discrimination testing
- seemed to support, or at least not contradict, the hypothesis that
there will be little or no sharpening of discrimination at this kind of
phoneme boundary. The other two experiments, with fewer instru-
mental difﬁcuities than in the tonal one, ought to provide a better
test of the hypothesis.

An acoustic analysis of phonetic features concomitant with the
tones is needed for a better understanding of ‘tonal perception, espe-
cially in regard to the whispering of expressions that are distinguished
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by tones in normal speech., A separate investigation® has already
shown that in whispered Thai, where there is no vocal cord vibration
to produce a varying fundamental £requency, tones can be distin-
guished by features other than pitch, though there is a congiderable
and non-uniform reduction in the distinctions.

The effective factors in the perception of the emphatic tone
 could usefully be investigated. The experiments may be difficult,
however, since the Thai do not appear to react to this emphatic fea-
ture as a separate category in the same neatly defined way as in
the case of the phonemic tones.

The general subject of sentence intonation is a thorny one and
is lkely to be even more complicated in a language with phonemic
tones. Research into the interaction of tones with sentence intona-
tion in Thai is another possible extension of the work on tones de-
scribed in this study., S A

Of some interest to linguistic and psychological theory would
be some experiments on the perception of Thai vowels in terms of
a reference system. That is, a test would be designed in which the
listener had a chance to identify vowels with reference to the speak-
er’s total vowel system as against a test in which no such opportunity
was offered. The regults could be compared with the results of sim-
ilar experiments on other langua,ges. :

Finally, there is a vast amount of work yet to be done on conso-
nantal features. The sampling of consonant-vowel formant transi-
tions reported in this study represents a start in that direction.

Notes

1. A. M. Liberman, K. S. Harris, H. S. Hoffman, and B, C.
Griffith, “The Discrimination of Speech Sounds within and across
Phoneme Boundaries,” J. of Exptl. Psych., LIV (1957), 358-368,
For more recent thought and work, see A, M, Liberman, K. S.
Harris, J. A, Kinney, and H. Lane, “The Discrimination of Relative
Onset-Time of the Components of Certain Speech and Nonspeech
Patterns,” J. of Exptl, Psych,, LXI (1961), 379-388,

2. D B. Fry, A. M, L1berma.n, A. S, Abramson, andP Eimas,
in preparation.

3. In collaboration with Gloria F. Lysaught and David Crabb.
4. Jarvis Bastian and A. S. Abramson, in preparation,

5. A. S. Abramson, “Identification and Discrimination of Pho-
nemic Tones,” JASA, XXXIII (1961), 842 (A).



142 The Vowels and Tones of Standard Thai

6. A. S. Abramson, “Vocoder Output and Whispered Speech
in a Tone Language: Thai, " JASA, XXXI (1959), 1568 (A). Also
presented at the New York meeting of the Modern Language Asso-
ciation of America, December 28, 1958.
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