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Abstract
This thesis develops an approach to English teaching for Khmer-speaking students that centers
on Khmer phonetics and phonology. Cambodia has a strong demand for English instruction, but
consistently underperforms next to other nations in terms of proficiency. A significant reason for
Cambodia’s skill gap is the lack of research into linguistic hurdles Khmer speakers face when
learning English. This paper aims to bridge Khmer and English with an understanding of the
speech systems that both languages use before turning to the unique challenges Khmer speakers
must overcome based on the tenets of L1 Transfer Theory. It closes by outlining strategies for
English teachers to build the comprehensibility and confidence of their Khmer-speaking
students.

Keywords: Khmer, English, phonetics, phonology, transfer, ESL
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Khmer Phonetics and Phonology: Theoretical Implications for ESL Instruction
Introduction

This thesis develops an approach to English teaching for Khmer-speaking students that is
grounded in a thorough understanding of Khmer phonetics and phonology. Cambodia, the home
of most Khmer speakers, underperforms next to other nations in terms of English proficiency
despite the nation’s high demand for English instruction (““Cambodia,” 2018). A significant
reason for the skill gap Cambodia faces is the lack of research on the linguistic hurdles Khmer
speakers face when learning English. This paper, then, aims to bridge Khmer and English with
an understanding of the speech systems that both languages use. Once Khmer phonetics and
phonology have been detailed, the paper turns to the unique challenges Khmer speakers must
overcome based on the tenets of L1 Transfer Theory, outlining strategies for English teachers to
build the confidence and comprehensibility of their Khmer-speaking students.

Introduction to Khmer
Relevant Literature and Language Description

Khmer is the official language of Cambodia and has between 16 and 20 million speakers
who are mainly concentrated in Cambodia, Thailand, Vietnam, and Laos (Eberhand, Simons, &
Fennig, 2019). Khmer belongs to the Mon-Khmer sub-branch of the Austro-Asiatic language
family and shares several features with Thai, Vietnamese, and Lao: all are syntactically SVO
(sentences ordered subject, verb, object) and morphologically isolating (preferring monosyllabic
words to polysyllabic ones). Khmer has also borrowed several lexical items specifically from
Thai and Lao (Eberhand et al., 2019). While most of its neighbors are tonal, however, Khmer is a

stress-based language. (Tikkanen, 2010). Marginal research shows signs of tonogenesis in
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Phnom Penh Khmer (Kirby, 2014b), but these findings are debated. Khmer also has a small
number of honorific distinctions that mark a speaker’s level of familiarity with another (Haiman,
2011). Khmer plays an integral role in the cultural history and identity of Cambodia, but it
remains relatively obscure on a global scale.

Khmer has the largest script alphabet of any language, representing a phonetic bank of 33
consonants and over 30 vowels (Huffman, 1970). Khmer consonants fall into two series which
change the interpretation of an accompanying vowel (Soky et al., 2016). Vowels, likewise,
separate into “dependent” and “independent” categories, combining in a rich array of
monophthongs and diphthongs (Soky et al., 2016). A few of Khmer’s identifying phonetic
features include the use of implosives (such as [6] and [d]), unusual onset consonant clusters
(such as [Ik-], [kn-], and [?v-]), and its delicate diphthongs and triphthongs (Kirby, 2014a). Due
to the difficulty of transcribing Khmer accurately, many words have more than one accepted
spelling in Khmer script and in English glosses (Ager, n.d.). Even with several million speakers,
Khmer remains far less researched than other languages due to its relatively steep learning curve
and the low demand for Khmer speakers abroad.

Most Cambodians speak Standard Khmer, a centrally-located dialect used for instruction
in schools (Ager, n.d.). The next largest dialect of the language is Northern or Surin Khmer,
which has roughly one million speakers between Cambodia and Thailand. Further dialects
include Western Khmer (spoken in the Cardamom region), Southern Khmer or Khmer Krom
(spoken in and around southern Vietnam), and Khmer Khe or Kuy (spoken in specific northern

provinces) (Ager, n.d.).
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Methodology

This thesis evaluates the literature on Khmer phonetics and phonology by documenting
spoken Khmer translations of Samarin’s (1967) list of over two hundred English words for
language elicitation. The spoken translations have been recorded, studied, and transcribed into
IPA for analysis throughout the paper. The consultant’s Khmer, representing the Phnom Penh
dialect, reveals several distinctions between written and spoken pronunciations of certain words.
In addition to affirming several well-attested facts of Khmer phonetics and phonology, the
recordings also show patterns (especially between written and spoken word pronunciations) that
have received little attention in modern literature on Khmer. The section on phonology explores
these patterns more thoroughly. Appendix A contains the full list of translated and transcribed
words in Table 8.

Phones and Phonemes

Consonants

Consonant inventory. Table 1 maps the consonantal phonemes of Khmer that several
sources corroborate. The table represents the consonants in Khmer that are in contrastive
distribution. Speakers understand them to be distinct, so uttering one in place of another can
change the meaning of a word or render speech unintelligible. In addition to the consonants
included on the table below, most resources document the use of the voiceless palatal stop /c/,
which never appears in the consultant’s data. In place of a palatal stop, the consultant uses a
sound which is similar but not identical to the English affricate /¢/. The following chart revises
the consonant inventory by approximating the replacement for the palatal stop to be the

alveopalatal affricate /te/.
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Table 1

Khmer Consonant Inventory

Bilabial Alveolar Alveo- Palatal Velar Glottal
palatal
p § t d k
Stop of " K" ?
Nasal m n n n
Fricative S h
. te
Affricate "
Approximant v J
Trill r
Lateral |
Approximant

Note. Data for Khmer consonants from Sok & Adams (2016) and from Huffman (1970).
Some charts include the voiceless labiodental fricative /f/, but /f/ has only come to Cambodia
through loanwords and is explicitly non-native to Khmer phonology (Sok & Adams, 2016).

The phonemic inventory of English consonants has some, but not extensive, overlap with
that of Khmer. Major exceptions include English’s limited nasal range, lack of phonemic
distinction between aspirated and unaspirated stops, and the use of plosive /b/ and /d/ rather than
implosive /6/ and /dl. While certain Khmer phonemes such as /v/ and /r/ have analogous English
counterparts such as /w/ and /1/, English uses several fricatives (/v, 0, 9, z, [, 3/) that have no
equivalents in Khmer. Comparing the table above to the English Consonant Inventory in
Appendix D summarizes the differences between the two inventories. Differences between

phonemic bases can cause confusion for English language learners who do not have an explicit
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knowledge of how both systems differ. Phones may be complementary allophones in one
language while being contrastive phonemes in another language (such as /p"/ — [p", p] in
English versus /p", p/ in Khmer). The subject of transference and allophonic variation will be
further discussed in the sections below.

Allophonic variation in Khmer. Allophonic variation refers to instances in which
speakers use different phones to express the same phoneme, often in predictable patterns of
speech environments. The example of allophonic variation mentioned above in English is the
phoneme /p/, which realizes as [p"] word-initially (as in pie, pronounced [p"ai]) and [p] word-
medially (as in spy, pronounced [spai]). It is important not only to note what phonemic
differences both languages have, but what phonetic difficulties arise out of different allophones
in English and Khmer. This section explores Khmer allophones; a later one addresses English.

Word-final consonants. While English and Khmer both have unigque branches of
allophones based on their original phonemes, one allophonic variation that they have partially in
common is that stops and affricates will become unaspirated and unreleased when they are word-
final. Table 2 represents this phenomenon as found throughout the Khmer recordings of
Appendix A. Aspirated consonants do not appear word-finally in the recordings, and thus do
appear on the phonemic side of this chart. A significant deviation in the data is that /k/ may also
manifest word-finally as [?] in addition to [k"], likely because a glottal stop is close enough to
approximate a velar stop, but not a labial or alveolar stop. The distinction between word-final

consonants that do not release is subtle, especially between [t"] and [te].
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Table 2

Unaspirated and Unreleased Final Consonants

Underlying Allophones Example
phoneme

Ipl [p] [p] [r0ap’] count*
It [t] [t'] [sat’] animal
Itel [te] [te] [K"la:te™] fear
Ik/ [k] [k'] [?] [teik"] [tei?] dig

Rhotic variation. A second instance of allophonic variation is the realization of the rhotic
Ir/ as [r] and [c] in the dataset. (For reference, [r] is a tongue trill while [r] is a tongue tap.) The
two form no minimal pairs and have no indication of being in contrastive distribution. Notably,
the tap appears far more often than the trill in this dataset. The trill appears in such words as
[pram] (five) and [roluej] (rotten), but otherwise, the tap dominates in similar environments such
as [pro] (man) and [roap] (count). As such, the two appear to be in free variation, although this
may simply reflect a characteristic of the Phnom Penh accent rather than the language as a
whole.

Voice Onset Time. VVoice Onset Time, or VOT, refers to the length of time that voicing
precedes or follows the onset of a consonant. When voicing and the consonant start at the same
time, it is called zero VOT; when voicing begins before the consonant, it is called negative VOT;
and when voicing begins after the consonant, it is called positive VOT. VOT is especially

important to measuring the phonemic distinction between voiced and voiceless stops cross-

L While most linguistic sources use single quotation marks to denote glosses and word examples, this paper
will use italics to comply with APA formatting standards.



KHMER PHONETICS AND PHONOLOGY 10
linguistically. In English, for instance, a voiced stop usually has zero VOT while a voiceless stop
has positive VOT (since most voiceless stops are aspirated). In French, however, voiced stops
use negative VOT, while voiceless stops use zero VOT (Caramazza & Yeni-Komshian, 1974). A
French language learner, then, may mistake voiceless stops for voiced ones based on the
different VOT used in English.

VOT analysis of Khmer stops sheds light on how differently Khmer speakers and English
speakers use VOT to differentiate their consonants. Table 3 consolidates data from Praat
transcriptions of various Khmer words that can be found in Appendix B. They provide an
estimable range of what makes an onset consonant aspirated or not:

Table 3
Aspiration Data for Khmer Stops

Unaspirated  Aspirated

p 0.013 0.090
0.028

t 0.023 0.078
0.019

c/tec 0.025 0.150

k 0.033 0.131

Unaspirated consonants fall in the 10-40 millisecond range, while aspirated consonants appear
to be 70 milliseconds or longer. English uses a similar distinction, not for aspiration, but for
voicing: voiced stops range from 15-35 milliseconds, while voiceless stops (particularly word-

initial ones) begin voicing at least 70 milliseconds after the onset (Caramazza & Yeni-Komshian,
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1974). The difference in VOT provides a hurdle for Khmer ELLS in that they must now think of
stops they perceive as voiceless in their L1 to be voiced in their L2. Defining the VOT
distinction between phonemic consonants provides greater clarity to the R>H shift and the
consonant cluster barriers discussed in the section below on phonology.

Consonant clusters. Huffman (1970) identifies 87 possible onset clusters in Khmer, 85
of which contain two consonants, and 2 of which contain three consonants. Table 4 illustrates the
available combinations of clusters in a concise chart.

Table 4

Khmer Onset Clusters (CC-)

plt|yg | k|[2|b6|d | m|n|p|lng || j| 1 |r]|s]|h
p pt | pte | pk | p? pd pn | pn | pp pi | pl [ prfps | ph
t | tp tk | t2 | tB tm | tn tg || to | § || ¢ || tr th
te | tep tek | te? | teb | ted | tem | ten ten | tev tel teh
k | kp | kt | kte k? | kb | kd" | km [ kn [ kn | kn || ko | kj | kI | kr || ks | kh
s || sp | st sk || s? [ sb | sdffsm|sn|l sn| syllsv sl || sr
m mt | mte m? md mn | mn ml | mr | ms | mh
I | Ip Ik | I1? | 16 Im Ip | lv Ih
? 20

Note. Data for Khmer onset consonant clusters and classes from Kirby (2014a) and from

Huffman (1970).

2 Although English does not share the phoneme /v/ with Khmer, the distinction between /v/ and /w/ is
extremely subtle to most listeners. Because of this, Table 4 labels the clusters /tv-, kv-, su-/ among those shared with
English, since most English listeners comprehend them as /tw-, kw-, sw-/. It should be noted, however, that they are
not phonetically identical; they are simply similar enough to constitute overlap between the languages.
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The table’s three shades mark different classes of clusters. The darkest shade represents Class 1
clusters, which have no separation between the first and second consonants. The light shade
represents Class 2 clusters, which have slight aspiration after the first consonant. The unshaded
boxes represent Class 3 clusters, which have a brief voiced separation (typically using the vowel
[2]) after between the two consonants. The clusters found within double-lined boxes are those
that Khmer and English have in common.

The recorded data include 41 of the 85 possible onset clusters, which can be viewed in
Table 9 of Appendix C. They also include an unidentified cluster in the form of /mb-/ at the start
of [mbai] (eight).> Khmer’s onset clusters are far more numerous and varied than those of
English because they frequently violate the hierarchy of sonority that governs English clusters.
For comparison, the chart of English onset clusters in Table 11 of Appendix D displays a long
distribution compared to the wide distribution of the Khmer chart. Khmer permits fewer opening
consonants in onset clusters than English does, but allows a greater number of second
consonants. The Khmer table also has fewer gaps in its distribution, many of which are
impossible duplicate clusters such as /pp-/ or /kk-/.

While Huffman (1970) attests to the triple onset clusters of /str-/ and /Ikh-/, neither
appears in the recorded data. It is uncertain, then, whether a Khmer speaker must stretch to adapt
to triple onset clusters in English. English has six triple clusters, all of which begin with s-: /spj-,
spl-, spr-, str-, skj-, skr-/. Khmer contains double-consonant sets that, when placed together,

constitute something like English triple onset clusters (for instance, /sp-/ and /pj-/ together may

3 A possible explanation for this apparent cluster is that the [m-] is an extended instance of negative Voice
Onset Time for the adjacent [6]. The word [mbai] is also an abbreviation of the full word [prambai], implying that
the [m-] may be a vestige left over from the original pronunciation.
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form /spj-/). Whether this presents an advantage for Khmer ELLs is inconclusive. An area of
clear difference between the two languages, however, is Khmer’s coda structure. Using C to
represent a possible consonant and V to represent a nuclear vowel or diphthong, Khmer syllable
structure has a maximum structure of CCCVC (Huffman, 1970). English, on the other hand, may
sustain a maximum syllable structure of CCCVCCCC as in a word such as strengths,
pronounced [stiénk0s].* The difference in consonant possibilities may provide a significant
challenge for speakers who never cluster consonants at the end of a syllable in their first
language.
Vowels

Vowel inventory. Huffman (1970) and Sok & Adams (2016) document a rich inventory
of vowels and vowel patterns in Khmer. These sources note that a majority of monophthongs
(single vowels) have phonemic long and short forms, as depicted in Table 5. The majority of
vowels have long and short forms. The phonemes /e:/ and /5:/ provide an exception because they
only appear in a long form. Before approaching Khmer diphthongs, it is important to visualize
the distribution of monophthongs in Khmer as it relates to the space of the mouth. Figure 1 is a
standard phonetic frame for vowel placement in which the left side represents the front of the
mouth and the right side represents the back. Higher placement on the chart stands for a tongue
position closer to the roof of the mouth, while lower placement stands for a tongue position

farther from the roof of the mouth. Since measuring the exact acoustics of Khmer vowels has not

4 1t should be noted that [stingk6s] has a highly unusual syllable structure for English that even native
speakers abbreviate. Oftentimes, English speakers omit [K] so the word is easier to pronounce in quick speech:
[stignos].
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been thoroughly documented and lies beyond the scope of this project, the points on the chart
represent approximations and not exact locations of each vowel.

Table 5

Khmer Monophthong Inventory

Front Central Back
High i i i i u u:
Mid e e: ) o 0 o:
Mid-Low € a:
Low a a: a a

Note. Adapted from Cambodian system of writing and beginning reader (p. 8), by F. E.

Huffman, 1970, New Haven & London, UK: Yale University Press.

i i

| N

c @

a

Figure 1. Khmer Monophthong Distribution.
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As pictured, Khmer’s monophthongs are uniformly spaced.

Diphthongs. Khmer’s vowel system includes intricate diphthongs and triphthongs. Sok
(2016) reports nine standard diphthongs: /i, ie, ia, Uo, €a, 09, ae, as, ao/. Additionally, there are
three short diphthongs reported by Huffman (1970): /es, 0s, ua/. The diphthongs can be
separated into categories based on direction. By comparison, English has three diphthongs, all of
which move from a low vowel to a high vowel: /ai/ as in pie, /ou/ as in cow, and /o1/ as in boy.

Khmer has 7 diphthongs that also move from low to high, as illustrated in Figure 2.

N
\,
/ 3

Figure 2. Upward Khmer Diphthongs.
Unlike English, Khmer also has diphthongs that move from higher vowels to lower vowels—
three are full-length diphthongs and three are short diphthongs. Figure 3 depicts all downward-

moving diphthongs, dividing long and short into separate charts. (An illustration for what a short
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diphthong sounds like might be the English word day, which Americans pronounce with a soft -i
sound at the end: [der]. Americans use a similar short diphthong for their -o sound in words like
go: [gou].) Altogether, Khmer has seven upward diphthongs and six downward ones. All but five
move from the back of the mouth to the front (the exceptions being the upward /as/ and /ao/ as

well as the downward /is, is, €d/).

| N\ ]
\( \:{/

Figure 3. Downward Khmer Diphthongs. Long diphthongs are pictured in red to the left, while
short diphthongs are pictured in green to the right.

Triphthongs. Triphthongs in Khmer generally consist of two vowels connected by a
semivowel or a diphthong that closes with a semivowel. Six triphthongs are attested to by
literature on Khmer: /igj, iov, ioj aoj, asj, usj/. While few of these combinations appeared in the
recorded data, the diagrams found in Figure 14 of Appendix C depict the movement of these
articulations. All Khmer triphthongs end toward the top of the mouth and close with a
semivowel. Most of them have a high-low-high movement pattern (the exceptions being /aoj/

and /aoj/), and all of them have back-to-front movement except for /iov/.
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These triphthongs give Khmer speakers a richer base set of vowel articulations in their L1
than most English speakers have. Although General American English has no triphthongs,
British English uses a few for pronunciation of such words as hour (as [aus]) and fire (as [fars]).
Khmer speakers, then, should face no obstacles related to triple vowels in American English.
Phonology
R>H Shift
The most significant phenomenon attested by the recorded data is realization of /r/ as [h]
as written Khmer becomes spoken. Often, words that contain [r] or [c] in their formal
pronunciation drop the tap in spoken form and replace it with [h], typically by aspirating the
preceding consonant. Table 6 contains several examples from the recorded data.
Table 6

Examples of the R>H Shift

English word Written form Spoken form
root [rou?te"a:] [hou?te"o:]
bad [akrak ] [ak"0ok™]
because [6iproa] [p"os]

fish [teai] [t"5i]

right (correct) [trouv] [t"ou]
squeeze [tro?bat’] [t"obat™]
straight [tean] [t"oan]

thick [kea] [K"ejo]

woods [praite"s:] [p"ai]
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Aside from the first entry, all instances of R>H shift occur (1) in an onset consonant cluster and
(2) after a voiceless stop: /p, t, k/. Other onset clusters that include /r/, such as /sr-/ and /mr-/, do
not follow this pattern of adaptation. This correlation cements the relationship between the R>H
shift and consonant aspiration, which has also been observed in certain Thai words (J. Kim,
personal communication, March 5, 2020). The consultant reports that the spoken words do not
drop /r/ altogether, but use a “soft r,” upholding the idea that all of the aspirated consonants
above use /r/ underlyingly.

Literature outside the study attests to the prevalence of the R>H shift not only in Phnom
Penh Khmer but also in sections of Standard Khmer and a dialect called Kien Giang Khmer
(Kirby & Giang, 2017). Some hypothesize that the movement toward aspiration owes itself to
physiological implications of devoicing [r] or [r], which creates additional breathiness on the
previous consonant. Others claim that the relationship has more to do with the historical
correlation between alveolar [r] and uvular [¥], which pushes the place of articulation back
toward the glottis and the manner of articular toward a fricative (Kirby & Giang, 2017).
Realization of /yj/ as [n]

The consultant noted that in the word for play, which in its written form is /le:n/, realizes
as [le:n] in its spoken form. To identify what rule might govern why this occurs, Table 7 records
several other words whose /n/ was word-final. Among these data entries, a clear pattern emerged:
a syllable-final /y/ after a front vowel consistently appeared as [n]. The reason for this adaptation
may have to do with an association between vowel frontness and pushing the nasal’s place of

articulation forward. After front vowels such as [e:], [e:], or [i:], the final nasal is more naturally
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articulated as a palatal than as a velar. After [2:] or [o:], however, the velar nasal remains the
same.

Table 7

Examples of the Realization of /»/ as [n]

Written (phonemic)  Spoken (phonetic)

knee [tekon] [tekon]
straight [tean] [t"oan]
thin [sdaan] [sdaan]
spear [lompe:n] [lompe:n]
smoke [p"saen] [p"saen]
horn [snaen] [snaen]
long [vein] [vein]

Application for English Language Learners

L1 Transfer Theory

One of the longest-standing observations in linguistic theory is that language learners
tend to realize their new language or L2 in ways that resemble principles or parameters of their
native language or L1. Simply put, elements of a speaker’s first language transfer into his or her
second language. When an L1 shares a linguistic feature with its L2, the resulting similarity
results in positive transfer; when it differs from its L2, the dissimilarity results in negative
transfer (Pienemann, Kawaguchi, DeBiase, & Hakensson, 2005). While transfer may occur in
any realm of linguistics—syntax, morphology, etc.—this study investigates the possibilities for

positive and negative transfer in the fields of phonetics (individual speech sounds) and
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phonology (speech sound patterns). These fields separate two levels of possible transference:
phonology primarily covers the differences in phonemes mentioned above, while phonetics
covers the differences in particular allophones of the same phonemes.

A proper approach to interlanguage transfer in the classroom benefits from an
understanding of what language theorist Bill VanPatten (2015) terms “input processing” (p. 113).
Input processing is a theory that centers around the linguistic forms that students innately
prioritize when learning a new language. Before they can produce output, students must listen to
and interpret their L2 to find connections between form and meaning (VanPatten, 2015).
Students naturally prioritize content words and lexical meaning over function words and
grammatical meaning (VanPatten, 2015). With this in mind, an effective classroom must
associate unfamiliar forms (such as new phonemes and allophones) with clear differences in
meaning to make input comprehensible to students. Since minimal pairs give students very clear
form-meaning connections in the realm of phonology, upcoming suggestions for pedagogy often
involve exercises that build from individual word differentiation toward integration of those
words in natural discourse. Input processing thus bridges the negative transfer gap witnessed
between Khmer and English.

Transference in Khmer Pronunciation

Phonemic transfer and English. Comparing the phonemic systems of English and
Khmer can help identify the speech sound distinctions that the two languages have in common,
marking the underlying structures that will and will not transfer easily. Khmer shares salient
consonant phonemes such as /p, t, k, s, h/ and vowels such as /i, e, 0, u, a/ with English. English,

however, has a sizable inventory of phonemic fricatives that Khmer does not use and shows a
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greater tendency toward voicing. The English approximant /1/ is adjacent but not identical to the
Khmer rhotic trill /r/. Fortunately, both English and Khmer share the phonemic distinction
between close vowels such as /o/ and /a/ as well as /e/ and /e/. But where Khmer has an extensive
inventory of diphthongs and triphthongs, English has a more diverse set of monophthongs that
often trip up students, especially in stress / lax vowel distinctions. Thus, while Khmer has some
features which transfer positively into English, there are several possible areas for negative
transfer that Cambodians face while acquiring English. The following sections hypothesize,
based on linguistic estimates, what specific hurdles English language instruction should address
to encourage comprehensibility and confidence in Khmer-speaking students.

Consonant transfer. A comparison of the English consonants of Table 10 in Appendix D
to the Khmer consonants of Table 1 shows that Khmer actually has finer phonemic distinctions
in than English. Khmer differentiates aspirated /p"/, /t"/, and /k"/ versus unaspirated /p/, /t/, and
/k/, but the larger store of phonemic stops does not necessarily imply that all English consonant
distinctions will come easily to a Khmer language learner. Besides the common phonemes
mentioned above, a Khmer speaker should also be able to articulate English nasals fairly well,
since all of them transfer positively between the two languages: /m, n, n/. Several other English
sounds like the ch- sound /ff/ may be approximated by nearby sounds such as /te/. English /b/ and
/d/ are trickier phonemes for Khmer students depending on the context of learning. A Khmer
student who hears English /b/ and /d/ may perceive them as their native /p/ and /t/ based on the
difference of VOT mentioned above. A Khmer student reading English letters b and d may

instead realize them as implosive /6/ and /dJ, which are more analogous. Thus, it is important that
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if Khmer students pronounce /b/ and /d/ as English speakers do, they understand them to be
slightly different phonemes than the ones they have in their L1.

Negative transfer arises as phonemic English consonants use places and manners of
articulation that Khmer consonants do not. English contains labiodental fricatives f- and v- (/f,
v/), interdental fricatives th- and th- (/6, d/), and postalveolar fricatives sh- and soft j- (/f; 3/).
These are intermediate compared to standard Khmer places of articulation (labial, alveolar,
palatal, velar, glottal), thus encouraging Khmer speakers to adapt them into native or near-native
phonemes. An example substitute might be such as /s/, /t/, or /f/ in place of /6/, depending on
whether the speaker prioritizes manner or place of articulation. A second challenge lies in the
differences between English and Khmer voicing: English has a greater number of voiced
phonemes than Khmer does. Part of the list of unique voiced phonemes overlaps with the list of
fricatives: /v, 0, 3, d3, g/. While not all of these are of equal weight for lexical meaning (/&/
nearly never forms a minimal pair), the phoneme that Khmer language learners struggle the most
with is /v/. Most Khmer speakers approximate /v/ with /v/, which English listeners perceive as
Iwl.

Onset clusters. Despite—or perhaps due to—the array of onset clusters in their L1,
Khmer speakers often struggle to articulate non-native consonant clusters and tend to adapt them
using native phonology. Several obscure clusters in English such as /8r-/ (in through) and /fr-/ (in
shrug). Khmer speakers use their native /sr-/ in place of both of these, which greatly impacts the
intelligibility of students to other English speakers. In addition, the difference of VOT for stops
between languages impacts not only single consonants, but consonant clusters as well. A Khmer

ELL will often pronounce a voiceless stop that comes before /1/ as a voiced stop, adapting a word
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such as try (/trar/) into dry (/drai/) or practice (/pieektis/) into bractice (/bra:ktes/). This is likely
due to the fact that Khmer Cr- clusters use unaspirated stops and have a completely smooth,
unarticulated transition between consonants; phonemically, the Khmer /pr/ sounds to an English
speaker like /br-/.

Vowel transfer. Khmer also has a fair amount of positive transference to English based
on a comparison of the English vowel chart in Figure 15 of Appendix D to the Khmer vowel
chart of Figure 1. the vowels /i, e, a, 0, u, o, o/ are common to both languages. Tricky English
vowels might include English /&/ as in bat (approximated by Khmer /a/) as well as unstressed
vowels /i/ as in bit and /u/ as in good (adapted by most learners as /i/ and /u/, respectively).
Negative transfer may also reflect the abundance of diphthongs and triphthongs in Khmer
compared to English. To differentiate /i/ and /1/ sounds, a learner may use a Khmer diphthong
such as /ia/ to replace English /1/, since such a contrast is more natural based on the Khmer-
speaker’s L1. A similar shift may occur from /u/ to /ua/ or other nearby diphthong. It is uncertain
how such adaptations would impact comprehensibility for English speaking listeners. Noting
these kinds of adaptations, however, is important to developing an effective pedagogy for Khmer
students.

Phonetic transfer and English. Besides the observations about different phoneme
patterns in the two languages, it is also important to note the differences in allophonic variation
(that is, realization of individual phones) that can create negative transfer from Khmer to
English. While the range of allophonic variation in English is too wide to be addressed in its
entirety, the following sections approach a few prominent examples of when allophonic variation

might impact comprehensibility for Khmer language learners.
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English consonant allophones. One area of clear positive transference for Khmer
students is the trend of unaspirated, unreleased consonants in the word-final position. English
speakers often leave stops unreleased in quick speech for words such as stop ([stap™]) or kick
([kik]), especially at the end of a sentence. Another example of unreleased consonant allophones
comes in the word looked, which is underlyingly /lokd/ but manifests as [luk™t] due to the rules
for coda consonant clusters in English. A Khmer speaker may attempt to pronounce this as either
[k°d] or [K"t] depending on the circumstances, since both are possible clusters in his or her L1.
An instructor may then guide the student toward a greater understanding of niche instances in
which English leaves its consonants unreleased, using the instances in which Khmer leaves
consonants unreleased as a base upon which to teach and practice the articulation in English.

The English phoneme /p/ often manifests as aspirated [p"], most notably at the beginning
of words such as pain: [p"en]. When /p/ follows /s/ in a cluster, however, it manifests as [p] as in
Spain: [spen]. All voiceless stops and affricates in English (/t, {f, k/) experience similar
allophonic variation in terms of aspiration. Khmer students, then, may interpret all voiceless
stops to be underlyingly aspirated since they appear most often. Words such as spy and sky may
be overenunciated as [sp"ai] or [sk"ai], which would lead to confusion among listeners.

Language instructors, then, must be careful to distinguish between when the English phoneme /p/
should be pronounced [p"] and when it should be pronounced [p], especially with regard to onset
clusters that begin with /s/.

Another instance of tricky allophonic variation in English deals with the consonant

cluster /tr-/ which, while it is technically common to both languages, manifests as [tc-] in Khmer

and [¢1-] in English. Due to English spelling, a Khmer speaker may attempt to pronounce both /t/
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and /r/ as they articulate the English consonant cluster. In reality, English speakers adapt their
underlying /t/ sound into [{f] to adjust to the alveolar approximate [1] that immediately follows. A
native English speaker would pronounce tree identically to chree. Practicing this articulation
must be backgrounded by experience pronouncing the alveolar approximate on its own, as it is
often a difficult articulation for non-English speakers to distinguish from [l]. Once students have
mastered [1], they will be able to practice [ff1-] as a cluster in words such as trite or true. Note
also that a parallel allophonic variation occurs for voiced forms of these clusters: /dr-/ becomes
[dz2-].

English vowel allophones. The most important instance of allophonic variation in
English is that several vowels may manifest as [o], especially if there is a shift in stress. The
word address, for instance, should be pronounced as [edsies] if the stress falls on the first
syllable and [odz1es] if the stress falls on the second, which can change the meaning of the word
from noun to verb. Similar phenomena occur for many words: because at certain times starts
with [bi-] and at other times starts with [ba-], but bean and bun will always be separately [bin]
and [ban]. Teaching students these distinctions, especially the more rigid nature of vowels in
monosyllabic content words, is key to providing them structured input and uplifting their
comprehensibility.

Strategies for ESL Instruction

Emphasize positive transfer. ESL instruction for Khmer-speaking students ought to
uplift the strengths of positive transfer while targeting the comprehension-centered detriments of
negative transfer. When learning English words that begin with consonant clusters, the teacher

should begin with shared clusters such as /sp-/, /sn-/, and /sm-/ before moving on to more
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difficult combinations. Likewise, it would be useful to create a correspondence chart for English
and Khmer vowel sets so that language learners can know what speech sounds both languages
have in common. Placing similar Khmer and English words next to each other, such as English
caught (pronounced [kot™]) and Khmer stone (pronounced [ko?]) will make English
pronunciation seem more accessible to students. Starting with positive transfer builds student
confidence & motivation.

Phonetic exercises. After showing students what aspects of Khmer are similar to those of
English, it is also be useful to allow the students to explore the features in which they differ. The
examples mentioned in the sections above are a good place to start: a few minutes of class time
might go to practicing the /f-/ and /v-/ sounds by having the students move their lips and
modulate voicing. The class may begin with explicit teaching that encourages students to pay
attention to the shape of their lips, the position of their lips relative to their teeth, and whether
they are humming through their articulation. Once students explicitly understand of the
mechanics of an articulation, the teacher may introduce exercises to ease them into more organic
use of both sounds, such as the sentence “I found a vacuum.”

A similar exercise for vowels might encourage students to distinguish the /i/ and /1/
distinction by moving their tongue around the high-front position slightly to understand that the
two vowels are close but separated. The teacher may also present listening challenges that
require students to hear the different between stressed and unstressed i, helping them to
recognize patterns and correct their own speech. More involved exercises might allow students to

say minimal pairs such as beat and bit in quick succession. Over the course of several exercises,
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the key would be to move from explicit and mechanical to implicit and organic, giving students
the tools to improve without bogging them down with minute tasks.

Tongue twisters and speed challenges. Consonant clusters and difficult phonology may
come later in the form of tongue twister challenges—if a student can say, “Buy three trees, get
one free,” at a normal pace, he has achieved conversational comprehensibility. Once students
show competency in the way of phonetic accuracy, the teacher can introduce speed challenges
that will push students toward fluency. Incentivizing and rewarding these efforts will not only
push the class in general toward excellence, but will also reward those students who go above
and beyond with particular challenges that will give them a strong presence in their L2.

Discourse & task-oriented speech. On top of the individuated attention to different
phonetic and phonemic aspects of English, it is important for teachers to build up to discourse-
level exercises that emphasize the usefulness of phonetic work to real-world tasks. A workable
segue from phonetics and phonology to syntax might be songs or karaoke, in which students may
imitate the speech patterns of English singers and songwriters with their newfound knowledge.
(A song such as “I Believe I Can Fly” could, for instance, test a student’s ability to pronounce
the /fl-/ cluster in fly or correctly articulate believe as [baliv].) Depending on the level of
proficiency among students, a teacher may then explore exercises in storytelling, skits, artwork,
or interviews that indirectly test students’ articulatory abilities. A range of tests involving
different stress patterns and intonations will give the teacher the best opportunity for helpful
correction throughout the process.

The following is an original story that a student might practice and read aloud to

demonstrate mastery of distinguishing voiceless and voiced stops in English onset clusters:
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Once, when | was a professional sailor, I saw a storm brewing out at sea. It wasn’t
prudent to leave, but the crew groaned about waiting. They said gray skies weren’t a
problem. Not true. We packed our trout and fresh water, drew up our sails, and left the
port. The sky grew darker and darker. Then the storm hit. We braced ourselves on the
rails and prayed for safety, but the waves drove us into a rock and broke the hull. Several
crew members drowned and the rest of us clung to crates in the water. We washed up on
a tropical island.

The excerpt tests the students’ use of /pr-, tr-, kr-/ with words such as prudent, true, and crew. It

couches these phonemes within the context of a narrative, allowing students to focus more on

articulating English speech within the meaning of the story rather than in disconnected speech.

Exercises such as these apply theories of transfer and input processing to help Khmer students

learn difficult English speech sounds naturally and effectively.

Conclusion
Khmer is an important and under-researched language whose phonetic and phonologic
commonalities with English have been examined here, but invite further research in the future.

Cambodia’s English proficiency lies behind several of its neighbors, offering an opportunity for

close investigation of what difficulties Khmer-speaking English language learners face based on

their first language. A cursory overview of the phonemes in Khmer shows that it shares several
features with English that provide opportunities for positive transfer. Instruction should start by
supporting phonologic forms that both languages have in common before exploring more
difficult differences between the languages. The charts above and in the following appendices

highlight the consonants, vowels, clusters, and diphthongs that both languages possess.
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The additional differences between both languages—specifically, the phonemes, clusters,
and structures that are unique to English—may be challenging but not insurmountable if they are
addressed incrementally throughout a teaching period. Khmer has a richer store of consonant
clusters, diphthongs, and triphthongs than English does. While this does not mean that Khmer-
speaking students will acquire English more easily than those whose consonant and vowel
combinations are less varied, it does mean that Khmer-speaking students may need to focus on
reduction or simplification where other English language learners need to acquire several new
speech sounds and patterns. Khmer-speaking students will also benefit especially from an
explicit explanation of how aspiration works in English as opposed to Khmer. Since aspiration in
Khmer is phonemic and in English is simply allophonic, demonstration of how the pronunciation
of pie and spy differ will increase students’ self-awareness, comprehensibility, and confidence in
speaking. A similar principle applies to voiced English onset clusters such as /br-, dr-, gr-/,
which Khmer-speaking English language learners are often unaware they mispronounce.

With an increased understanding of how Khmer and English phonologies interact,
Khmer-speaking students will be able to achieve higher levels of proficiency than they are at the
present. Future research may investigate several subjects that this paper had time to address only
briefly. Measurement of the frequency and the environments of certain errors (such as
mispronounced onset clusters, coda clusters, diphthongs, etc.) would be quite useful. Coda
clusters in particular, which are far more intricate in English than in Khmer, invite further
research. Higher aspects of phonology—namely suprasegmental details such as stress and tonal
patterns—are minimally addressed in this paper and also invite deeper study. At the practical

level, research could examine which teaching techniques present Khmer-speaking students with
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comprehensible input that, in turn, demonstrably supports comprehensible output. This paper

serves as a basis and impetus for such research possibilities in the future.

30
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Appendix A: Transcription of Khmer Words

The language consultant interviewed for this paper was a native speaker of Khmer from
the Kandal province of Cambodia, which surrounds the capital city of Phnom Penh. Over the
course of several weeks, the consultant provided Khmer translations of Samarin’s (1967) list of
over two hundred English words for language elicitation. All words were recorded in audio files
and in writing for the purpose of studying the speech sounds and patterns of Khmer. Shortly after
sessions began, the consultant noted that several Khmer words have different written and spoken
pronunciations. The research then adjusted to record transcriptions for both conversational and
written Khmer separately to see if any linguistic trends arose from comparison between the two.

Table 8 contains the full list of translated and transcribed words.

Table 8

Phonetic Transcriptions of Khmer Words

English Orthog. Phonetic 1: Phonetic 2: Phonetic 3:

estimate Written Spoken Spoken variants
(Broad) (Narrow)

all SivH [teno] [teino] [teinoh]

and SH [non] [nan]

animal N3] [sat] [sat’]

ashes 1082 [p"eh] [pheh]

at 1 [niv] [niv]

back 24 [knon] [knon]

bad R/ [akrak™] [akMook™]

bark gu™ING [sombote"s:] [sBokte"i:]

because [6ipros] [p"09]

belly K [kbalpoah] [kbalposh]

big ] [t"om] [t"om]

bird U [tea:p] [ted:p7]

bite =9 [kham] [kham]

black gl [k'mav] [kmau]

blood Ny [tc"i:m] [te"im] [te"iom]

blow 3 [p"lom] [p"lom]



bone
breast
breathe

brother
burn
child
claw
clothing
cloud
cold

come
cook

count
cut
dance
day
die
dig
dirty
dog
drink
dry
dull
dust
ear
earth
eat
€99
eight
eye
fall
far*
fat / grease
father
fear
feather
few
fight
fire
fish
five
float

|

ge 22

sH2idy

UH/UIS[U

S
S

t

3
23

¢

A
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e
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[te"i?an]
[dah]
[dodonham]
[6on.prou]
[dot]
[koun]
[dpam]
[kK'ao?ai]
[Popok]
[trotees]
[mo:]
[tvemhou]
[ciop]
[kat]
[room]
[tnai]
[slap]
[teik]
[ko:Pkri]
[tc"kai]
[p"aK]
[spuat]
[ral]

[kam.tek™.dai]

[to?teiok]
[p"andai]
[nam]
[po:n]
[mbai]
[p"ne:k]
[t"liat]
[te"naj]
[kMa:n]
[po?]
[kMa:te]
[sla:p]
[pibai]
[te"looknijo]
[p"lasn]
[teai]
[p"ram]
[andaet]

[te"a?an]
[dah]
[do?t"ham]
[6on.prou]
[dog]
[koun]
[dnam]
[ka?ai]
[popok’]
[tetceak™]
[mo:]
[temho]
[coop’]
[kat']
[coam]
[pai]
[slap’]
[teik]
[ka'PKri]
[te"kai]
[p"ok]
[spuoat]
[ral]
[dai]
[to?teiok™]
[p"and>i]
[nam]
[po:n]
[mbai]
[pMne:k]
[t"iat™]
[te"paj]
[kMa:n]
[pok’]
[kMea?]
[sla:p’]
[pibai]

[te"loaknijo]

[p"laen]
[thai]
[pram]
[ndaet’]

[do?]
[koan]

[tei?]

[te"kao]

[p"aendai]

[po:n]

[plo:n]
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flow
flower
fog
foot
four
freeze
fruit
full
give
good
grass
green
guts
hair
hand
he
head
hear
heart

heavy
here

hit

hold (take)
horn

how?

hundred
hunt
husband
I

ice

if

in

kill
knee
know
lake
laugh
leaf
left
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[hour]
[p"ka]
[ap]
[teion]
[Bbuan]
[ko?]
[p"laete"i:]
[pein]
[?ao0:j]
[157?2:]
[smau]
[6ajtan]
[povian]
[sak]

[dai]
[ko:t]
[k6fa:1]
[loi]
[6ahdoun]

[t"non]

[nih]

[vai]

[teo]

[snaeq]
[do:t"madat’]

[mcoj]
[bainsat]
[6d5j]
[k"nom]
[to?ko]
[prosenbael]
[knon]
[samlap”]
[tekon]
[dan]
[6on]
[saote]
[slaktei:]
[te"ve:n]
[tea:n]

[hou]
[pka:]
[ap’]
[teion]
[buan]
[ko?]
[plaite"i:]
[pein]
[?Pao:i]
[lo?o:]
[smau]
[baitan]
[povian]
[sak™]
[fai]
[Koat™ .nian]
[k6fa:]]
[1oi]
[6ahdoun]
[bahedoun]
[t"mon]
[nih]

[vi]

[thou]
[snaen]
[thi:mot™]

[mcoi]
[bainsat™]
[pdai]
[nom]
[toko]
[pasenbael]
[knon]
[sala:p”]
[tekon]
[dan]
[ban]
[savate]
[slaptei:]
[te"ve:n]
[tea:n]

[telo:n]
[60an]

[Pavi]
[10?03]

[povian]

[tiznih]

[tiko]

[saate]
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lie
live
liver
long
louse
man
many

meat
(flesh)
moon

mother
mountain
mouth
name
narrow
near
neck
new*
night
nose
not

old
one
other
person
pierce
play
pull
push
rain
red
right
right
(correct)
river
road
root
rope
rotten
rub
salt
sand

byl
wis
Sy
11y
is
Uity
iGs
NG

nGs

Tt
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&5

[=1

1

iun:

Giy)s
i

N

=

S

iy

=LK
gsiusis
g

gt
igjis]s
usaj)

U
s
i
5]

HOu
gnts

[p"ou]
[rsoonav]
[kMaam]
[vein]
[teaj]
[man1?pro]
[teraan]
[sate]

[preatecan]
[ma?]
[p"no:m]
[Mosg]
[te"mush]
[teaniat]
[teat]

[ka]
[t"mai]
[liop]
[tetmo]
[manmaenat”ei]
[tea]
[moaj]
[neak’.do.toi]
[manu]
[damlo]
[le:mn]
[tion]
[oroan]
[p"lian]
[krohom]
[sdam]
[trouv]

[tanlei]

[p"louv]
[rou?te"a:]
[ksaj]
[rolugj]
[mbal]
[?ambal]
[K"satc]

[p"ou]
[coanav]
[kMaam]
[vein]
[teaj]
[pro]
[teraan]
[sate’]

[ptean]
[mdai:]
[p'no:m]
[moag’]
[te"mo2]
[tea?iot]
[teat™]
[ka]
[t"mae]
lop’]
[tetmo]
[manmaen]
[tea]
[mosj]
[neak’.do.tai]
[manu]
[damlo]
[lein]
[tion]
[ar0oan]
[plian]
[keaham]
[sdam]
[thou]

[talei]

[plov]
[hou?te"s:]
[ksai]
[?aluei]
[doh]
[mbal]
[khsate™]

[tcai]
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say
scratch
sea
see

seed
seven

sew
sharp
shoot
short
sing
sister
sit
skin
sky
sleep
small

smell
smoke

smooth
snake
snow

some
spear
spit
split
squeeze
stand
star

stick
stone

straight
suck
sun
swell
swim
tail

ten

that
there
they

Sunty
1H:
IY[S
wm

Ao
1821
*i:!‘ﬁ
Thm
=]
1G]
UR/UIS|d
HYW
Tngys
ew
15
85

u

T3y
*ILN
*R1ed
1A
82

%)

(Ut o3

S
s

pglits

=

k!

G5
N8y
iy
n(§m)
MW
SU

1591
Sisne
yiattal

[onjai]
[?eh]
[sa?mot’]
[K"ain]
[kroap™]
[mpal]
[de:]
[sroat]
[6an]
[K"oj]
[terijon]
[ban.sraj]
[?ankoj]
[sbaek]
[meik™
[ke:n]
[toute]
[hat]
[p"saen]
[rolov]
[poo]
[pra:1]
[k'ah]
[lompe:n]
[sda.ta?.moat]

[tearu]
[tro?bat’]

[tc"ou]
[p"ka:j]
[komteiteau]
[tmo:]

[tran]

[6at]
[prejatet™]
[haam]
[hael]
[kantoj]

[dap]
[nu]

[nu]
[puok’ei]
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[njai] [onjai]
[?eh] [?eh]
[samot’]

[khom]

[K"oap’]

[mpal]

[de:] [dei]
[sroat™]

[6an]

[k"oi]

[terijon]

[ban.srai]

[pkoi]

[sbaek™]

[me:k™] [meik™]
[ke:n] [kein]
[toute™]

[hot']

[p"saen]

[?alov]

[poo]

[pra:l]

[kMah]

[lompe:n]

[sda.ta?.moat’]

[tearu]

[thobat™]

[te"ou]

[pkai:] [p"kai:]
[ko?te?tehi:]

[tmo:]

[t"oan]

[65t"]

[tnai]

[haam]

[hael]

[ktoi]

[dap’]

[nu]

[nu] [tiznu]
[puakk®ei]

[puakkfe:]
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thick
thin
think
this
thou
three
throw
tie
tongue
tooth
tree
turn
twenty
two
vomit
walk
warm
wash
water
we
wet
what?

when?
where?
white

who
wide
wife
wind
wing
wipe
with
woman
woods
work
worm
ye
year
yellow

Nyt

im
1S
£ 5

;n?j?.:a

[kra)
[sdaon]
[kat]

[ni]
[neak]
[62]]
[6ah]
[teo:]
[nda:t]
[t"me:n]
[damte"i]
[6ot™]
[mp"aj]
[pi:]
[k?Pust]
[das]
[kdav.an.on]
[lian]
[tok]
[iton]
[saom]
[Pov9j]
[nai?ana]
[belne]
[sa:]
[ng?na]
[tu:lisj]
[6rapont"]
[Kteal]
[sla:6]
[teu:t]
[teiomusgj]
[manu.sraj]
[proite"s:]
[toa:koh]
[donkav]
[pok.neak]
[te"nam]
[lion]

[khejo]
[sdaan]
[kat™]
[nih]
[neak’]
[6a]]
[6ah]
[teo:]
[nda:t’]
[t"m&:n]
[damteni]
[6ot]
[mophai]
[pi:]
[k?uot™]
[das]
[kdau.lo.mom]
[lian]
[tok7]
[iton]
[saom]
[?ai]
[nans]

[belne]
[60a.5a:]

[nake:]
[taliai]
[papon]
[khteal]
[sla:6]
[teu:t’]
[teamuai]
[manu.srai]
[p"ai]
[ta:ka]
[pokav]
[pok™.neak’]
[te"nam]
[60a.lian]

[kat™]

[nea?]

[mp"ai]

[naona]

39
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Appendix B: VOT Transcriptions

Aspirated Consonants

5627040 0091560 (10.922 / s) |5,T18600
0.4994 : ]

-0.547
5000 Hz|

309 4 Hz| ¥ SRR

. phonemes
(2/3)
0.091560 i 0278435 i
5612455 |5_612455 Visible part 0.384580 seconds 5997036 0156252
Total duration 6.153288 seconds
all | in | out | zel | bak. | 4 | j Iv Group

Figure 4. Audacity transcription of [p"ou] (lie). The opening consonant lasts ~0.092 seconds.

0.108706 0.078 |D_186325
0.3569 ! ]

"".IJ\|I|\I| |H||||||....
(AT i g |I|||||||\|||u|

-0.3528
5000 Hz|

500 Hz

2241Hz
793 Hz|k -

0 Hz (W75 Hz
Phonemes

1
(2/9)

0.108706 | 0.078 i 0812133
0 Visible part 0998458 seconds 0.998458
Total duration 0.998458 seconds
Al | in | out | zel | bak. | 4 j Iv Group

Figure 5. Audacity transcription of [t"om] (big). The opening consonant lasts ~0.078 seconds.
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1605896 0149513 (5688 /s) |1755400
0.2943 : ;

A

'.,- Il ..|.|‘ I sl |‘” m
i ) WW | il T Il ””””“l”” U|

5000 Hz AR o 500 Hz

[=]

1484 Hz[HH ! ranry e o : g, u N Oy L 233'1 e
or M W 5 H,
phonemes
= 1 ch W n
g (2/6)
0.048 0.149513 ) ©0.463809
1557450 |1.557450 Visible part 0.661769 seconds 2.219218] 0427856
Total duration 2 647075 seconds
all | in oLt | zel | bak | j | j I+ | Group

Figure 6. Audacity transcription of [tc"ve:n] (left). The opening consonant lasts ~0.150 seconds.

4318744 0130898 |4.449643
0.3366 | ]

-0.2534
5000 Hz|

500 Hz

1933 Hz,
0Hz|! |75 Hz
Phonemes
= 1
(2/7)
0.348547 0.130898 0.681958
3.970197 |3_970197 Visible part 1.161403 seconds 5.131600, 0.000010
Total duration 5.131610 seconds
al in ' out sel bak | « | » l v Group

Figure 7. Audacity transcription of [k"ejo] (thick). The opening consonant lasts ~0.131 seconds.
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Unaspirated Consonants

1616139 {],013{}45|1,629184
05042 | ]
0
-0.4621
5000 Hz|
862 1 HZf-ae
0Hz
) phonemes
e 1 0
P (2/5)
0.008| 0.013045 0.113499
1.608443 |1_608443 Visible part 0.134240 seconds 1.742683] 0405163
Total duration 2.147846 seconds
Al | in | out | zel | bak. | 4 | j Iv Group

Figure 8. Audacity transcription of [pos] (snake). The opening consonant lasts ~0.013 seconds.

3.006124 0.023237 |3_029361

04185
0 I Ny i AL ECLETLALg
-0.4366 : :
5000 Hz| ; ; 500 Hz
1587 Hz|- <= SR 5. g o BV TR S T S T T T N ) 2399 Hz
T . 1
JERR T
- Phonemes
& 1 t 1e
(2/4)
0.020510| 0.023237 0201514
2985614 |2_985614 Visible part 0.245261 seconds 3230875 0693297
Total duration 3.924172 seconds
Al | in | out | zel | bak. | 4 | j Iv Group

Figure 9. Audacity transcription of [tion] (pull). The opening consonant lasts ~0.023 seconds.
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43
1.389969 {}_{}24873|1.414842
0.2661 | ;
_ __ H |‘||.. \ 4 MR ‘ ‘m L He |
0 I '|| || | [l ‘ ' |J | ‘ ‘l | 1
0.254 i '
5000 Hz| ; 500 Hz
Y
78 g el
phonemes
= 1 ® a
(2/3)
0.019 | 0.024873 0223037
1.370850 |1_3T(}850 Visible part 0.267029 seconds 1.637879 0498357
Total duration 2.136236 seconds
Al | in | out | zel | bak. | 4 j Iv Group

Figure 10. Audacity transcription of [tea:p”] (bird). The opening consonant lasts ~0.025 seconds.

02129

1.701066  0.033197 (30.123 / s) |1_?34263

-0.2292
5000 Hz|

phonemes
(2/4)
0033197 0.088895
1.695449 |1_695449 Visible part 0.127710 seconds 1823158 0220198
Total duration 2.043356 seconds
all | in | out | ze] | bak| 4

j v Group

Figure 11. Audacity transcription of [kat™] (think). The opening consonant lasts ~0.033 seconds.
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0.101990 | 0.028 |0.129828
0.5536[ | :
0 "l I|'|l‘ l | ! "l L W e
-0.5639 ]
5000 Hz|
300.4 Hzls S
o 1 phonemes
¢ 2/11)
0.028 0336995
0093364 [0.093364 Visible part 0.373458 seconds 0.466822| 5570366
Total duration 6.037188 seconds
all | in oLt | zel | bak | j | j v Group
Figure 12. Audacity transcription of [ko?te?te"i:] (stick). The opening consonant lasts ~0.028
seconds.
0.3122420.0190.331492
0.5536 | !
| il ‘ "
0 ' ll" el Al l i ol
_0.5639 | :
5000 Hz|
309.4 Hz|s- S
. phonemes
1 ? it e (5/11)
) ) 0.218877 ) 0.019 0.135331
0093364 |0.093364 Visible part 0.373458 seconds 0.466822| 5570366
Total duration 6.037188 seconds
all | in aut | zel | bak. | ﬂ | j v Group

Figure 13. Audacity transcription of [ke?te?te"i:] (stick). The medial consonant lasts ~0.019

seconds.
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Appendix C: Additional Khmer Phonetic References
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i i u i i u
e 0 e \ 0
\ \)
&€ d &€ d
a a a a
i i u i i u
K‘
e ‘ 0 e —0
& ;
&€ d &€ \ d
a a a a
| i u i i u
e 0 e \ e 0
9 Y
€ D & d
a a a a

Figure 14. Khmer Triphthongs (in the order of /iaj, iaw, ioj, a0j, asj, usj/)
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Table 9

Example Words for Khmer Onset Clusters

.m .U
2 | [tva:ksh] work 3| [teven] left
< | [p"eh] ashes < | [thi] fish ‘G| [te"i:m] blood
2 | [psaen] smoke
5 | [pra:l] snow =
= | [plian] rain = [tliot] fall 2| [teloaknija] fight
g = | [tnai] day §| [tenaj] far
&
o S | [p"no:m] mountain s S| [tenam] year
£ | [tmo:] stone §| [temoo] name
3 | [pdai] husband 3
2 E
= o s
5 | [pka:] flower x 5| [tekon] knee
2 | [ptean] moon
[
=% 8|
o o - 2
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H.

£ 8 B

< [kham] bite = <

2| [ksai] rope e

| [kra] thick | [Sroat] sharp £| [mroi] hundred

< | [klaam] liver —| [sla:6] wing =

g 1 [spuat] dry =

&1 [knom] | & S

£| [knop]in | [snaeg] horn £

£/ [kmau] black £| [smau] grass £

2| [kdau] warm 3| [sdaan] thin M [mdai:] mother

€| [kbalposh] belly | [sbokte"i:] bark m [mbai] eight

< [k?ust] vomit - m o

¥ x

8| [k'eal] wind m

| [ktoi] tail 2 £

k5 & o
= » S
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Appendix D: English Phonetic References
Table 10
Phonemic English Consonant Inventory
Bilabial | “221% | pental | Alveolar | FOY | pajatal | Velar | Glottal
dental alveolar
Stop o | b t | d kK| g |2
Nasal
m n n
Fricative flvlo|a|s|z|f]s3 h
Affricate
g ds
Approximant W I i W
Lateral |
Approximant
u
®
LTy
® 0
9
L J5)
oA

ce

Figure 15. English Vowel Distribution
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Table 11

English Onset Clusters (CC-)
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p t k m n w ] I r
p pi pl pr
t tw tj tr
k kw Kj ki kr
b bj bl br
d dw dr
g gw al gr
f fj fl fr
0 ow or
J Jr
S sp st sk sm sn sSw sl
h hj
Y Vj
m mj
| J




