An acoustic study of Battambang Khmer vowels
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This study reports results of an acoustic-phonetic analysis of
Battambang Khmer dialect. It was found that even though the
majority of Battambang Khmer vowels are similar to those of
the standard dialect, a few vowels were both phonemically and
phonetically different from the standard ones.

1. Introduction

Khmer is the national language of Cambodia. It is also the common
language of Khmer settlement areas. This includes the Mekong Delta region of the
southern part of Vietnam and at least 12 provinces in the lower part of the Northeast
and East of Thailand bordering Cambodia (Suwilai 1995). The Khmer spoken in
the lower part of Northeast Thailand is referred to by Smalley as Northern Khmer
and has been well studied by a few linguists (Smalley 1964, 1976; Jenner 1974;
Dhanan and Chartchai 1978; Prakorb 1987; Thomas 1989; Thomas and Wanna
1990). The Khmer spoken in the East of Thailand, on the other hand, is
comparatively less well-known.

While Khmer dialects in Thailand are quite well studied, relatively little is
known about dialects of Khmer spoken in Cambodia and in Vietnam, especially in
terms of instrumental phonetic analysis. In their investigation of Khmer vowels and
consonants, most Mon-Khmerists relied on their trained ears (Martini 1942-5;
Henderson 1952; Huffman 1967, 1977; Jacob 1968).] While this may be sufficient
and accurate to carry out comparative work, discrepancies exist among their
analyses.

2. Khmer Vowels

Khmer is a language with a large vowel system which can be divided into
two distinct series known traditionally as ‘a series vowels’ and ‘0 series vowels’
(Maspero 1915). Those in the ‘a series’ are lower than their counterparts in the ‘0
series’. ‘a series’ vowels also tend to be diphthongized. From the point of view of

comparative Mon-Khmer, the existence of two series of vowels in Khmer is the
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consequence of a historical process of devoicing of the consonants which has
turned old Khmer initial voiced stops into voiceless ones. The older consonantal
distinction has been transferred to the next vowel, causing the vowel system to split
into two sub-systems which, following Huffman (1967, 1977) will be referred to
as ‘first’ and ‘second registers’ in this study. This fact is generally known and
accepted in the literature (Pinnow 1979) and conforms to parallel historical
developments in other Mon-Khmer languages ( Ferlus 1979; Diffloth 1984, 1980;
among others).

In the modern Khmer writing system, there are two duplicate sets of
consonants which are phonetically identical. Although some consonant symbols
lack a counterpart in the opposite set, they can be converted by using special
diacritics. The vowel symbols then represent one set of vowels when written with
one set of consonants, and a different set with the other set of consonants (Huffman
1967). The match between spelling and pronunciation involves an abstract notion
of ‘series’ for both consonants and vowels which is taught in every Khmer school.
Some examples of first and second series vowels and consonants are given below:

Consonants Vowels
1st series | 2nd series | symbols | 1st series value 2nd series value
7 [k] 21 [k] q [a:] [ia]
sl | wih [ [oy] [i]
5l | Sk | 3 [ae] [e1]
8 | wn P [as] [2]

3. Acoustic study
3.1 Speaker

One male speaker from Battambang province served as the speaker for this
study. He is a Khmer refugee and has been living in the U.S. for approximately 10
years, and he is 41 years of age.
3.2 Wordlist

The following wordlist is used in the analysis. It consists of 47 meaningful
Khmer words. The transcription used is that of Huffman (1977).
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First register
-

1. n fkay/
2. ?S:S /moin/
3. q§m Jkout/
4. mh /ey
5. S\:i.ﬂ /kast/
6. sme /kaot/
7. 3w /kae/
8. mn fkazt/
9. gn  Abwy
10. $§§¢  /eiom/
1. sgin /phioks
12. gn fkuat/
13. U; /mate/
4. 8 /ooy
15. ?b frory
16. ® /oy
17. md  /Kay
18. ¢ /kop/
19. 78 /oy
20. md  fag/
21. &S /skow/
2. % /ay/
23. s faw/

3.3 Recording

‘aloom’

‘ten thousand’

‘to play (an instrument)’
‘to guess’

‘to be bom, to happen’
‘to be amazed, fearful’
‘to correct’

“a card’

‘to cackle’

‘a baby sheep’

‘albino’

‘to thin bamboo’

‘opinion’

‘heart, mind’

‘tight, stuffed’

‘monk’s living quarters’
‘to cut’

“to bury’

‘to note or jot down’

‘to set up, to appoint’
‘to be white (of hair)’

‘a trigger’

‘akind of basket’

45
Second register
fid/ ‘place, spot’
ot/ ‘try hard, speed up’
/pu/ ‘uncle’
/kexny ‘to lie down’
et/ ‘to contradict’
fpoit/ ‘maize’
/pey ‘acup’
ftio/ ‘a duck’
o/ ‘to look (royal)’
Jtisp/ ‘near, almost’
feiof ‘to believe’
Jtuat/ ‘third ascending or
descending generation’
fcos/ ‘resin from a tree’
Mlatthi/  ‘precept’
feit/ ‘to be near, close to’
/dk/ ‘water’
fput/ ‘pretension, feint’
/k&at/ ‘he, she’
/bontup/ ‘aroom’
fplist/ ‘to bend’
Nt€ay/ ‘all, all of it’
/niw/ ‘consisting of’
Jiy/ ‘a cloth bag’
faw/ ‘to go’

Three repetitions of each target word produced in isolation in randomized
order were recorded in an IAC sound-proof booth, using a cardioid microphone
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(Electrovoice, model RE 20) and high quality cassette recorder (Marantz, Model
PMD 222). Some target words that were subsequently added to the list were
recorded in a quiet room, using similar equipment. The speaker was instructed to
produce the target words at a normal speaking rate.

3.4 Analysis

The recordings were digitized on a SUN-Sparc station LX computer at 11
kHz and stored as files to be processed by the commercial software package
WAVES+/ESPS. This speech analysis package enabled us to simultaneously
examine wave forms and (wide-band) spectrograms of each token.

3.5 Acoustic parameters measured
In each vowel, the following attributes were measured:

a. Vowel Duration
b. First and second formant frequency (F1, F2)
c. Fundamental frequency (FO)

For monophthongs, the duration of the whole vowel was measured. Vowel
onset was taken to be the onset of periodicity in the wave form. Vowel offset was
indicated by the loss of F2 on the spectrogram. Pitch tracks (a representation of FO
over time) giving a data point every five msec were derived and the average FO of
the whole vowel was computed. Formant frequencies (F1, F2) were obtained from
the steady-state region of the vowel by deriving LPC spectra using a Hamming
window of 25.6 ms, with 16 poles and preemphasis of .98 (Figure 1).

Diphthongs were analyzed in two parts. The onset of the first part was taken
to be the onset of periodicity in the wave form. The offset was indicated by the
beginning of movement of the first and/or the second formant. This was
accomplished by deriving a formant track, a representation of formant frequency
values (in Hz) over time, yielding a data point every 10 msec.

The offset of the first part of the diphthong was taken to be the onset of the
second part, and the offset of the second part was indicated by the loss of the F2 on
the spectrogram (Figure 2). The duration of each part of the diphthongs was
measured. Formant frequencies (F1, F2) were also obtained from the steady
portions of both parts of the diphthongs (Figure 2) by deriving LPC spectra. For
those diphthongs that consisted of only one steady state and an onglide or offglide,
the vowel formants were taken from the middle regions of the onglides and
offglides (Figure 3).
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Figure 1. Wave form and spectrogram of the word 9 /tiy/ [tir] ‘place’. Vbeg marks
the beginning of the vowel, Vend marks the end of the vowel and a and b mark the
steady state where the 25.6 ms window was placed.
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Figure 2. Wave form and spectrogram of the word BSﬁ /kay/ [kai] ‘a trigger’. Vbeg
marks the beginning of the vowel, Vend marks the end of the vowel. V2beg marks
the beginning of the second element of this dipthong. (a b and ¢ d) mark the steady
state of both elements of the dipthong where the 25.6 ms windows were placed.
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Figure 3. Wave form and spectrogram of the word 9 j U /teap/ [teap] ‘to be

close’. Vbeg marks the beginning of the vowel, Vend marks the end of the vowel, a

b and ¢ d mark the locations where the 25.6 ms windows were placed.
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3.6 Results
a. Monophthongs

Table 1 shows the values of the first and second formants (F1, F2) and the
duration of eight long and 10 short monophthongs of Battambang Khmer vowels.
In general, with the exception of /a:, a/ it was found that F1 values of the long
vowels are lower than those of the short vowels. This indicates that long vowels are
higher in quality and more closed than their short counterparts. In terms of
frontness and backness as indicated by the difference between F1 and F2 values, it
appears that /i, u, 0, a/ are more front than their long counterparts. As for duration,
short vowels are approximately 60% shorter than long vowels. All monophthongs
are plotted in Figure 4.

Table 1. Mean F1 and F2 values (in Hz) and duration (in ms) for Battambang
Khmer monophthongs.

Words | Long F1 F2 | Duration Words | Short F1 F2 | Duration
vwis | ) | 2 | (ms) vwis | H2 | Hz) | (ms)
< Q
9 it 263| 2381 437 3 i 306| 2350 143
L=
el 1 3721 2018 70
Q
6o e 569| 1964 82
Py Q
00 er 460| 2173 283 yo e 548| 2059 132
me ar 807| 159 27| | md a 721| 1603 128
2% ot 632 965 06| | #U 5 735| 1209 134
A=V
s o 485| 880 246 ny o 574 1059 95
] w 315 680 392 ae u 452|862 92
W W
0g it 343 1404 194 9% i 496 1633 102
A W
£9 ¢ o 540| 1423 194 1384 2 665| 1615 103
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Table 2. Mean fundamental frequency (FO, in Hz) of long and short Battambang
Khmer monophthongs.

Words Long FO Words Short FO
Vowels Hz) Vowels (Hz)
A~} Q
9 I 126 | 2 i 136
Q
s 1 144
Q
o7 € 134
[2)
by
$0n e 124 ya e 137
mt a 120 M & a 116
20 o 130 7Y 5 125
L =N
s o 128 ﬁ;U o 140
Cl w 129 01 1 u 136
W 0
(YR i 127 £21) i 128
< 0
$9¢ o 128 70 ° 129

Table 2 shows the fundamental frequency values (FO in Hz) of long and
short monophthongs. In general, it was found that long vowels have lower FO (127
Hz) than short vowels (133 Hz). The general trend of high vowels having higher
FO than low vowels is also observed in both the short and long vowels of
Battambang Khmer. The average FO of three long high vowels /i, &, u/ is 127 Hz
as opposed to 125 Hz of two low vowels /a:, oi/. The average FO of high short
vowels /i, 1, €, 1, u/ is 135 Hz and that of low short vowels /a, o/ is 121 Hz. Thus,
it appears that the difference in FO between high and low vowels is more
pronounced in short vowels.

All monophthongs, short and long, are plotted in figure 4 below. With the
exception of /a:, a/ and /er, 9/ it is rather obvious that short vowels are invariably
lower and more front than their long counterparts.
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Figure 4. Long and short Battambang Khmer monopthong vowel chart as produced
by a male speaker.
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b. Diphthongs

Table 3. Mean F1, F2 values (in Hz) and duration (in ms) of the first and second

vowels in short diphthongs and vowels occurring only in open syllables of

Battambang Khmer.
Words | Vowels | V1 V1 \" ! V2 V1 V2
(Hz) | (Hz) | (Hz) | (H2) (ms) (ms)
N ga 438| 687| 2094| 1785 98 62
me ) 458| 615 1393| 1414 59 74
ad da 448| 607| 865| 1600 64 62
> gy 618| 324 1934| 2382 97 294
3 ay 777| 378 1523| 2263 119 301
39 &y 469| 322| 2038 2262 138 301
O x] 3w 642| 343| 1697| 1208 128 241
83 Iw 547 374 1668| 1116 99 243
318 aw 818| 360| 1518| 2181 166 236
%2l iw 497| 355| 1534] 1186 125 230

First and second formant (F1, F2) values (in Hz) and duration of short and
long diphthongs (in ms) are presented in Table 3. Even though vowels that occur
only in open syllables are phonologically vowels + consonant, phonetically they
consist of two elements: a steady state and an offglide, thus the F1 and F2 of both
elements of these vowels are also included. In terms of duration, invariably the first
element of these diphthongs is shorter than that of the second element. On average,
duration of the first element is half that of the second element: 109 vs. 204 ms.
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Table 4. Mean F1, F2 (in Hz) and duration (in ms) of the first and second vowels in
long diphthongs of Battambang Khmer.

Words Vowels Vi Vi Vi V2 Vi1 V2
Hz) | (Hz) | Hz) | (Hz) (ms) (ms)
1 ou 484| 428| 949 1025 192 46
N ea 350 532| 2332| 1929 278 175
us o 660| 60| 1260| 1460 112 56
sHa a0 765| 578 1572| 1574 133 191
s a0 755| s61| 1370| 1018 142 87
in ae 748| 609| 1673| 2008 157 330
900 0o 438| 544| 798| 1188 161 47
9 uo 318 393 776| 1087 141 55
1 o 306 400| 715| 1071 122 61
£ i 422|  500| 1420| 1347 223 157
sgjm i 310| 416 1419| 1322 176 95
i3 is 278| 396| 1995| 1458 281 193
s93a ie 264| 366| 2360| 2124 132 53
1639 ie 263| 418| 2332 1791 177 73

First and second formant (F1, F2) values (in Hz) of long diphthongs and
their durations (in Hz) are presented in Table 4. With the exception of /ag/, these
diphthongs are comprised of a relatively long steady state as the first element and a
relatively short offglide as the second element. On average, the duration of the
second element is approximately 57% of the duration of the first element: 175 ms
vs. 99 ms. The quality of the first element is comparable to that of the same vowel
in isolation, i.e. as a monophthong, but the second target generally displays
undershoot. That is, it never reaches the target and merely points to its direction.
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FO values of long and short diphthongs are presented in Table 5. In general,
it seems that diphthongs with higher vowels as the first element have higher FO than
those begin with lower vowels.

Table 5. Mean Fundamental Frequency (FO, in Hz) of Battambang Khmer
Diphthongs.

Words Vowels FO (Hz) ‘Words Vowels FO (Hz)
°
ne ou 124 N & 130
N ea 125 m ?‘} io 128
w 1
ys8 o 125 ae & 124
A~ A~}
19001 as 119 ) gy 104
3
M7 ao 121 1) dy 119
v Y
o ae 120 9 &y 127
9% 09 141 W0} fjj Sw 129
9% uo 129 ) iw 130
v v
kg uo 130 £ Aw 129
&
59 i 123 s Iw 120
séjh‘ ) 130
ﬁ?ﬁ 0 131
1957 ie 132
$6Y ie 131

Both short and long Battambang Khmer diphthongs are plotted in Figure 5.
Horizontal axis represents the F1 value and vertical axis represents the difference
between the F1 and F2 (F2-F1) value. The starting points of each diphthong were
plotted based on the F1 and the difference between the F2 and F1 value of the first
element of the diphthong. The angle and direction of the arrow was based on the F1
and the difference between F2 and F1 of the second element.
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Battambang Khmer vowels
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Figure 5. Long and short dipthongs of Battambang Khmer dialect as produced by
one male speaker.
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4. Phonetic transcription

Table 6 shows the phonetic realization of Battambang Khmer vowels, their
transcription and examples of words in which these vowels were examined. The
transcription chosen for each vowel approximates as closely as possible its phonetic
realization. This table is adapted from Huffman (1978), however certain
adjustments were made: vowels occurring only in open syllables were added and
since the long vowel (i in 1) of first register never occurs with a final consonant, it
is included in this category.

Table 6. Battambang phonetic realization and transcription of the Khmer
orthographic vowel symbols.

1st and 2nd Series Realization of Battambang Khmer Orthographic Vowels
Symbols

Symbols | Transliteration Phonetic | Transcription Examples
Realization
Long Vowels I1st | 2nd | 1st | 2nd 1st 2nd
< A~}
1. _ i it it 9
W . W W
2. _ i ot i oi il 3 0
3. _ u oU u ou u 7y &7 Q
v v v
4.%_ e e e e el 1928%] 13-4+
< < <
5.%_ ) ar o as o 1S90 9%
6.1 [ a® o ao o s s
7. .{_ € ai€ e ae e $n $ah
8. a a e:€ ar ea M N
9. _ 2 X o o 02 g% 9%
10.5_3 is i | &€ | ie | ie | $mjy | €950
11. % j 9 i® i° &) io 1) %j 1) £ Y?j
12. - ua u® | uP us us 77 g
v u u
4 . . &
13. _3 #r i io R
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Table 6. Cont.
Symbols | Transliteration Phonetic | Transcription Examples
Realization
Short Vowels Ist | 2nd | 1st | 2nd Ist 2nd
a A=Y =Y
1.z i el | i | e | i vr | wg
a A= =
= F |i+final € I € I G el
- W A
2. - i ) i =) i st 9
Q
3. 5 u 3o U 0 u b af
4. 4 V|a +Velar a ed a ga mh N
-1 F |a +non-Velar a i° a ia ks Mo
5. - L' |2+ Labial o) U b u 1y U8 ¢
- F |2' +non-labial ) 0° b 02 wel O
Vowels Occurring only in Open Syllables
[ . [
1. _ i €l gy )

2.3 uw QY iU Sw iw (%) ?jﬁ' 8 t]
v . , . 5 y 3
3.%_ ai ai ei ay &y ) £9
453 |aw at | WU | aw [ ww | osel [ s

A comparison of Standard Khmer (Huffman 1978) and Battambang Khmer
is presented in Table 7. In general, the Battambang Khmer vowel system is similar
to that of the Standard dialect; a few differences, however, can be observed. For
example, for long vowels, in 9 the second register value of the orthographic <o> is
realized as /09/ in Standard Khmer and as /09/ in Battambang Khmer. In 13, the
orthographic <ar> is realized as /oa/ in the standard dialect, but as /i9/ in
Battambang. For short vowels, in Standard Khmer the orthographic <i> with a
final consonant and the orthographic <i> are both realized as /o/ in first register and
as /i/ in second register. In Battambang Khmer, on the other hand, the orthographic
<i> with a final consonant is realized as /e/ in first register and as /i/ in second
register, while the orthographic <i> is realized as /o/ and /i/ in first and second
register respectively. Moreover, the second register vowel <o'+ non-labial> in 5 is
realized as standard /5a/, but as Battambang /53/.
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Table 7. Comparison of Standard Khmer and Battambang Khmer transcription.

Symbols | Transliteration | Standard Khmer | BT Khmer
(Huffman 1978)

Long Vowels 1st 2nd Ist 2nd
<

1. _ i ii it
W

2. _ i oi ii ot i

3._ u ou uu ou u
v

4.% _ e €€ ece e er

A~

5.% 2 a9 29 as ot

6.1 o] ao 00 ao or
%4

7.5 € ae €€ ae €

8.1 a aa ia a: ea

9. _ 2 20 29 a: 09

10.%_j3 io ia ia ie ie

11. ¢ j i ia ia 1) 12

12. ” ua ua ua uo uo

& -
13. _3 ar oa io
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Table 7. Cont.

Symbols | Transliteration | Standard Khmer| BT Khmer
(Huffman 1978)

Short Vowels Ist 2nd Ist 2nd
@
1. _ i e i e i
<
_F i +final 2 i € I
W
2. _ i ) i ) i
3. _ a o u 0 u
]
4. 4 V a' +Velar a ¢a a €a
- F a' + non-Velar a Oa a 10
5. - L'|o' + Labial 2 u 2 u
- F 2' + non-labial 2 o22) o) 09

Vowels Occurring only in Open Syllables

<
1. _
2. 3 uw 3w iw Sw iw
v
> . . - o
3.8 _ ai ay iy ay &y
4.% 1 aw aw iw aw iw

5. Conclusion

Like other dialects of Khmer, Battambang Khmer has a rather large vowel
system. Phonemically, there are eight long monophthongs, 8-10 short
monophthongs, 10 long diphthongs and three short diphthongs. It was found that
the difference between long and short monophthongs is not only in terms of their
height; short monophthongs, with the exception of /a:, a/ and /=, o/ are lower and
more front than their long counterparts. In terms of duration, long vowels are
approximately twice as long as short vowels.

Diphthongs generally consisted of one steady state and an offglide. The first
element of the these diphthongs has the same quality as the monophthongs, but their
second element merely points to the direction of the targets. In long diphthongs, the
first element is approximately twice as long as the second element. The opposite,
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however, is true in short diphthongs; the first element is shorter than the second
element or the offglide.

Khmer vowels are traditionally divided into two series: first and second. In
Battambang Khmer long vowels, with the exception of /e:/, /a:/ and /oY, the first
register vowels are lower and thus more open than the second register vowels.
Moreover, the first register vowels are also diphthongized. In short vowels, for
some vowels the first register ones are lower than the second register. On the
contrary, for some vowels, it is the second register vowels that are diphthongized.

Even though in general the Battambang vowel system is similar to the
Standard Khmer vowel system, some differences exist both phonetically and
phonemically. For example, Standard /ia/ is Battambang /ie, ea/, S /20/ is B /09/,
S /ia/is B fis/, S /ua/is B /ug/, S /o9/is B /iv/, S /i/ is B //, S /0a/ is B fis/ and S
fGa/ is B /62 /.

6. Further Research

An instrumental phonetic analysis of another Khmer dialect spoken in the
East of Thailand, bordering Cambodia is underway by the present author. A
preliminary analysis suggests that the tense versus lax contrast in the original Mon-
Khmer initial stops has been transferred to the following vowels, causing the
vowels to be diphthongized and have a clear versus breathy quality. The
diphthongization, however, does not affect the original short low vowel /a/. In this
vowel, the differentiation between first and second register is in the voice quality:
clear and breathy. Pitch level differences between the two registers are also attested.
This Khmer dialect, thus appears to reflect the fourth pattern of vowel change
resulting from the consonantal devoicing process.

REFERENCES

Dhanan Chanthupanth and Chartchai Phromjakgarin. 1978. Surin Khmer-English
Dictionary. Institute of Indigenous Language Research, Bangkok:
Chulalongkorn University Press.

Diffloth, Gérard. 1980. “The Wa languages.” LTBA 5.2 Berkeley 192 pp.

Diffloth, Gérard. 1984. The Dvaravadi Old Mon Language and Nyah Kur. Monic
language studies 1, Bangkok: Chulalongkorn University Printing House.

Ferlus, Michel. 1979. “Formation des registres et mutation consonantiques dans les
langues Mon-Khmer.” MKS 8:1-76.

Henderson, Eugénie J. A. 1952. “The main features of Cambodian pronunciation.”
BSOAS 14:149-74.

Huffmann, Franklin E. 1967. “Outline of Cambodian Grammar.” Ph.D.
dissertation, Cornell University.

Huffmann, Franklin E. and Im Proum. 1977. Cambodian Literary Reader and
Glossary. New Haven and London: Yale University Press.

Jacob, Judith M. 1968. Introduction to Cambodian. London: Oxford University
Press.



62 Battambang Khmer vowels

Jenner, Philip N. 1974. “The development of the registers in Standard Khmer.” In
SALS, ed. Nguyén Dang Liém, pp. 47-60 Canberra: Australian National

University:

Martini, Frangois. 1942-5. “Apercu phonologique du cambodgien.” BSLP 42:
112-31.

Maspero, Georges. 1915. Grammaire de la langue khmére (Cambodgien). Paris:
Imprimerie Nationale VIIIL.

Prakorb Phon-ngam. 1987. “A Phonological Comparison of Spoken Central
Khmer (Phnom Penh) and Northern Khmer (Surin).” MA. Thesis, Mahidol
University.

Suwilai Premsrirat. 1995. “Phonetic variation of final trill and final palatals in
Khmer dialects of Thailand.” MKS 24:1-26.

Smalley, William. 1964. “Ethnolinguistic Survey of Northern Khmer speaking
people in Northeast Thailand, (with data on Kuy).” Unpublished ms.

Smalley, William. 1976. “The problem of vowels: Northern Khmer.” In Phoneme
and Orthography: Language Planning in Ten Minority Languages of
Thailand, ed. Smalley W., Canberra: Australia National University.

Thomas, David. 1990. “On the ‘language’ status of Northern Khmer.” JLC
9.1:98-106.

Thomas, David and Wanna Tienmee. 1990. “An acoustic study of Northern Khmer
vowels.” MKS 17:99-108.

Received: 14 January 1996 Department of Modern Languages
Comell University

Morrill Hall, Ithaca, NY 14853

USA



