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ABSTRACT 

 

 

On the international level, there have been numerous efforts to study and 

document the world’s languages, which are the cultural heritage of mankind.  This 

research was initiated to explore the sounds within the Sgaw Karen dialect of Baan Pa 

Kluay Village, Mae Wang District, Chiang Mai, Thailand.  In fact, there was a prior 

attempt to describe the sounds of Sgaw Karen in Chiang Mai such as Ratanakul et 

al.’s phonological description of the dialect of Baan Huay Bong Village, Mae Jam 

District, Chiang Mai in their dictionary in 1986.  However, the present research is the 

first to study the sounds of Sgaw Karen in Chiang Mai based on the acoustic phonetic 

approach.   The following are the findings from this research.  The words were found 

to be between one to three syllables.  Each syllable consisted of an optional onset, a 

nucleus, a tone and no coda.  The onset consisted of one to three consonantal or 



v 
 

vocalic transitions.  The nucleus consisted of a vowel.  The tone consisted of a 

contour tone and an optional glottal stop.  Ten vowel types were found.  They were [ɪ, 

e, æ, ɨ, ə, a, ʉ, ɨ, ɔ, o, ʊ], which varied in terms of height, backness and rounding 

features.  As many as twenty one phonetic consonants were found, [p, pʰ, b, v, m, t,̪ 

t ̪h , d̪, s, z, n̪, l, r, c, cʰ, ɲ, k, kʰ, x, ɣ, ŋ], varying in terms of manner, nasality, 

laterality, place, phonation and aspiration.  Four tone categories were found.  They 

were: 1) High-level, mid-rising or high-rising: [(ʔ)˦˦ ˦, (ʔ)˧˦, (ʔ)˦˥], 2) Mid-level or mid-

level with a falling tail: [˧˧ ˧, ˧˧ ˨, ˧˧ ˩], 3) Low-level, low-falling or mid-falling: [(ʔ)˨˨ ˨, 

(ʔ)˩˩ ˩, (ʔ)˨˩, (ʔ)˧˩] and 4) Low-falling-rising or low-rising: [˨˩ ˨, ˨˩ ˧, ˩˨, ˩˧].  The vowel lengths 

vary in four phonetic length levels [ă, a, aˑ, aː].  Tone and vowel duration were much 

related.  For example, [ă] was usually found with either the high or the low tone 

categories, [a] was usually found with the mid tone category, and [aˑ] and [aː] 

usually occurred with the low tone category.  In conclusion, this phonetic study has 

successfully described the sounds within the Sgaw Karen dialect of Baan Pa Kluay, in 

contributing to the documentation of this little-known language of Thailand. 
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CHAPTER 1 

INTRODUCTION 

 

1.1 Rationale       

 

Today, more than 3,500 minority languages worldwide are under threat of 

extinction as they reportedly have each fewer than 10,000 native speakers.  Many 

children talk to their parents in the language that they learned at school and no longer 

use their ancestors’ mother tongue (Ladefoged 2001: 138-39).  Among these 

endangered languages are hundreds of American Indian languages, hundreds of 

Australian Aboriginal languages and hundreds of mother tongues of ethnic peoples in 

Asia (American Indian languages, Asia, Australia).    

 

In 1996, Terralingua, a U.N. recognized NGO, proclaimed that “every 

language, along with its variant forms, is inherently valuable and therefore worthy of 

being preserved and perpetuated, regardless of its political, demographic or linguistic 

status” (www.terralingua.org/about-2/sop).  In 2002, the UNESCO declared that all of 

its member states must take action in safeguarding the world’s languages.  This 

declaration is based on the growing awareness that languages and linguistic diversity 

are vital to cultural heritage preservation, intercultural cooperation and technology 

application for sustainable development.  As language issues are central to the vision 

of every field of UNESCO, the Organization recommends addressing them by 

interdisciplinary means involving education, culture, science, communication and 

information and social and human sciences (www.unesco.org/en/languages-and-

multilingualism). 

 

In order to safeguard languages, Mbagwu and Obiamalu maintain that 

language documentation is the best approach that scholars and speech communities 

can take.  They state that many African tongues are heading to extinction and argue 

that the documentation of these languages would do much in protecting them (88).  

Language documentation pursues to collect comprehensive language data, which 

needs to include not only the vocabulary and structure of the language, but also the 
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way the language is used in its natural social environment.  According to 

Himmelmann, language documentation is ideally a very large collection of primary 

and annotated language data as well as descriptive linguistic analyses which is 

extensive enough to represent all the aspects of a language.  Creating language 

documentations, which are an important point of resource for supporting language 

research and language preservation, thus is an effective linguistic response to the 

threat of language extinction (5).   

 

Presently, all official national languages have been well preserved by vast 

amount of documentation while minority languages in all countries have received 

scant attention.  In Thailand, apart from the official language Thai, there are still yet 

another 73 individual mother tongues, one of which being the Sgaw Karen language 

(Lewis).  Unlike the Thai language, there are very few or no reading materials, 

dictionaries or linguistic descriptions of these languages available to the public. 

 

Sgaw Karen, the mother tongue of over 200,000 Karen-ethnic Thai citizens, 

like other minority languages in Thailand, is potentially at risk of extinction.  For one 

reason, Sgaw Karen is often falsely stigmatized by the society and mainstream media 

as a language of the “hill-tribes, forest-destroyers and illiterate peasants” 

(Santasombat 105).  Although the Sgaw Karen language has two writing systems, a 

Burmese-based and a Roman-based, Sgaw Karen speakers in Thailand do not have 

much opportunity to learn or practice either of them.  There are no textbooks, 

newspapers or local television or radio stations in this country that are in the Sgaw 

Karen language.  This shortcoming is illustrated by Watkins, the author of The 

Phonetics of Wa, saying that “In Thailand, few people are motivated to acquire an 

education in languages other than Thai. Non-Thai education is officially 

discouraged.” (204). 

 

As for the research, most of the existing linguistic research of Sgaw Karen 

focuses on the dialects in Myanmar, such as the phonological analysis of Sgaw Karen 

by Jones (1961).  There are only a small number of linguistic studies that focus on the 

dialects in Thailand, including the phonological studies by Dhananjayananda (1983) 
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and Ratanakul et al. (1986).  Dhananjayananda wrote a thesis about the phonology of 

a Sgaw Karen dialect spoken in Li District, Lamphun Province, Thailand and 

Ratanakul et al. described the phonology of a dialect in Mae Jam District, Chiang Mai 

Province, Thailand as part of their Thai-Sgaw Karen dictionary.  Both 

Dhananjayananda and Ratanakul et al. point out that Jones’ early work specifically 

represents the dialects in Myanmar, while the sounds and the vocabulary of Sgaw 

Karen dialects in Thailand and in Myanmar are different.  There is no complete 

acoustic phonetic description of a Sgaw Karen dialect in Thailand up until now.  The 

two phonological studies mentioned above used auditory judgments for annotating 

sounds and their analyses had nothing to do with actual speech sounds as phonology 

focuses on the abstract sound units within a language and thus it does not take the 

acoustics of sounds into account.   

 

Phonetic description is a fundamental component of a language documentation 

project, along with descriptive grammars, dictionaries, translations, speech 

transcriptions and speech records.  Numerous languages in the world have no 

orthography for representing speech.  The speech records in these languages then 

have to be annotated using phonetic or phonemic representations.  However, the 

annotation of these records cannot be truly accurate without a prior phonetic or 

phonological analysis (Evans 348). 

 

Phonology and phonetics are two different linguistic approaches for analyzing 

speech sounds.  Phonology focuses on the grammatical rules within the speaker's 

mind that instruct how language sounds are distributed in words and sentences and is 

not concerned with recording, listening to or extracting acoustic values from real 

sounds or observing how articulatory organs actually function in practice.  In contrast, 

phonetics studies the actual sounds produced and heard in terms of their observable 

articulatory features or measurable acoustic features that correlate with articulatory 

features.  

 

This present research is the first of its kind to provide a complete acoustic 

phonetic description of a Sgaw Karen dialect in Thailand.  It used the spectrograph 



4 
 

software Praat as the main instrument for analyzing the acoustic aspect of the sounds 

within the Sgaw Karen dialect of Baan Paa Kluay Village, Mae Wang District, 

Chiang Mai Province, Thailand.  The findings from this research, it is hoped, will add 

to the linguistic knowledge of Sgaw Karen in Thailand. 



CHAPTER 2 

LITERATURE REVIEW  

 

This chapter presents a review of relevant literature.  The content is grouped 

into eight sections as follows: 

 

Outline of Chapter 2 

 

2.1  UNESCO Universal Declaration on Cultural Diversity 

2.2  Language Documentation and Preservation 

2.3  Background of Sgaw Karen in Thailand 

2.4  Relevant Literature on Sgaw Karen in Thailand 

2.5  Phonetics 

2.5.1 Segmental Phonetic Features 

2.5.2 Supra-Segmental Phonetic Features 

2.5.3 Acoustics of Speech Sounds 

2.5.4 Acoustic Phonetic Analysis with Praat 

2.6 Previous Research Using the Acoustic Phonetic Approach 

2.7 Speech Data Collection by Elicitation 

2.8 List of Important Terms 

 

 

2.1 UNESCO Universal Declaration on Cultural Diversity 

   

The UNESCO Universal Declaration on Cultural Diversity was issued in 2002 

by adopting its content from the 31st Session of the General Conference of UNESCO, 

Paris, November 2001.  The declaration has twelve articles covering topics such as 

‘identity, diversity and pluralism’, ‘cultural diversity and human rights’, ‘cultural 

diversity and creativity’, ‘cultural diversity and international solidarity’, followed by 

twenty action plans for implementing the declaration.   
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According to Action Plan 5, ‘safeguarding the linguistic heritage of humanity 

and giving support to expression, creation and dissemination in the greatest possible 

number of languages’, is the one that particularly concerns the universal call to 

preserve the world’s languages as cultural heritage. 

 

 

2.2 Language Documentation and Preservation 

 

Language documentation is the collection of the language data and linguistic 

knowledge of a language that intends to include all the details of the characteristics 

and practices of the language (Himmelmann 2006: 5).  It therefore provides an 

important point of resource for both linguistic research and language learning.  The 

process of language documentation does not involve only recording, annotating and 

analyzing language data, but it also includes archiving and disseminating the product 

of such a process.  It is unquestionable that technologies today such the computer and 

the internet help make every step in the language documentation process much more 

efficient than ever before. 

   

Among ambitious efforts to document and preserve the world’s endangered 

languages is the proposal to preserve African languages by Davidson Mbagwu & 

Greg Obiamalu (2009), who argue that the only workable way to preserve the still 

existing African cultural and linguistic identity from the globalization threat is 

documenting African languages.  They recommend a course of action for 

documenting minor languages.  In their view, in this globalization era, the world’s 

countless minor languages will be neglected in turn for a common world language.  

They believe that globalization will greatly affect Africa and so the documentation of 

African languages would do much in safeguarding them.   
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2.3 Background of Sgaw Karen in Thailand 

 

According to Ethnologue (Lewis), in 1991, Thailand was reported to be home 

to over 63 million residents and 74 individual languages; 93.5% of the population was 

native speakers of Tai-Kadai languages (including Thai) and the remaining 6.5% was 

native speakers of Austro-Asiatic languages, Austronesian languages, Tibeto-Burman 

languages and Hmong-Mien languages.  Around 20 million native residents in this 

country speak Thai as their mother tongue, whereas the other 40 millions born in this 

country use languages different from Thai in their families and use Thai as their 

second language as it is the official language of the country, the only medium of 

instruction in most schools and the only medium in most mass media.  Most of these 

languages, apart from Thai, have no writing system or their writing system is not 

learned or practiced anymore by most of the speakers.  Also, reading materials, 

translations, dictionaries or linguistic analyses for these languages are generally hard 

to find.  Due to all these situations, the Sgaw Karen language, like other minority 

languages in Thailand, is potentially at risk of extinction. 

 

The word “Karen” means human.  It is the name by which several tribal 

peoples in Myanmar and Thailand call themselves.  These people belong to different 

ethnic groups due to the major differences in their terms of linguistics, beliefs and 

economy.  In Myanmar, the Karen tribes are geographically divided into Northern 

Karens: including Taungthu (a.k.a. Pa'o or Black Karen), Central Karens: including 

Bwe and Geba, and Southern Karen: including Pwo and Sgaw Karen.  Languages of 

the Karen tribes have tones and the S-V-O sentence structure.  They belong to the 

large Sino-Tibetan language family as shown Figure 2.1 below.   
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Figure 2.1: Sgaw Karen as a member of Sino-Tibetan Family (Lewis, 2009) 

 

Sgaw Karens are the Karen people whose mother tongue is named S’gaw 

Karen (usually written as Sgaw Karen).  There are more than a million Sgaw Karens 

in Myanmar (1,280,000 in 1983) and about 200,000 in Thailand (in 2006).  They 

mainly live on both sides of the Thai-Burmese borderline along the Tanen Range 

(a.k.a. Daen Lao or Loi Lar) and the Dawna Range.  This includes several Northern 

and Western provinces of Thailand (e.g. Chiang Mai, Lamphun, Mae Hong Son, 

Chiang Rai, Tak and Kanchanaburi) as well as the cities and the towns of the Karen 

state of Myanmar.  In addition, many Sgaw Karens also can be found in big cities of 

Myanmar such as Toungoo, Rangoon, Bassein and Moulmein.  A map of Sgaw Karen 

language is provided in the following figure.  
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Figure 2.2: Map of the Sgaw Karen Language (Lewis, 2009) 

 

In Myanmar, Sgaw Karen is classified as a Southern Karen language as its 

speakers mainly live in the South of the country, where the Karen state is located.  

Sgaw Karen has received an official language status in the Karen state and has 

become a lingua franca among Christian Karens in Myanmar (Rajah 112).   
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Figure 2.3: Dictionaries of Sgaw Karen Language by Seguinotte (2007), Wade (1896) 

 

The Sgaw Karen language has two writing systems.  The first orthography 

known as “Lixwa” was invented in 1832 using the Burmese alphabet by Dr. Jonathan 

Wade under the Baptist Protestant Church in Myanmar (Jones V; Smalley 126; 

Dhananjayananda 17). Some works on Sgaw Karen published by Dr. Wade include: 

The Grammar of the Sgaw Karen and Pho Karen Language (1842), Karen Dictionary 

(1843-44), A Vocabulary of the Sgau Karen Language (1849) [later revised by Cross 

in 1896 under a new title A Dictionary of the Sgau Karen Language] and Karen 

Vernacular Grammar (1861) (Manson).  Another orthography known as “Lixromeij” 

was invented in 1954 using the Roman alphabet by Father Joseph Seguinotte under 

the Roman Catholic Church in Chiang Mai (Smalley).  In his days, Father Seguinotte 

recorded a list of Sgaw Karen words and phrases in “Lixromeij” along with 

equivalents in English, French and Thai, which later was edited and published in 2007 

as Pgaz K’ Nyau Dictionary by Father Alfonso de Juan of the Jesuit center in 

Bangkok (pgazkoenyau.com).  Like other minority languages of Thailand, Sgaw 

Karen is not used in schools or at work; moreover, there are no local television or 

radio stations or newspapers in Sgaw Karen in this country. 
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Figure 2.4: Burmese-based Sgaw Karen reader (Danphongphi 2010) 

 

Figure 2.4 provides a sample of a learning-to-read book in “Lixwa,” which is 

only useful for the minority of Sgaw Karen speakers in Thailand who have learned the 

script.  This is a good attempt to document their language, but the documentation will 

not contribute much to the dissemination of this language until it is accompanied by a 

transliteration in a more well-known orthography, such as English, Thai, Burmese or 

the IPA. 

 

Another issue regarding the Sgaw Karen orthographies is that both “Lixwa” 

and “Lixromeij” are intended to represent the Standard Sgaw Karen of Myanmar 

(words and tones), which is quite close to the Sgaw Karen dialects found in Western 

provinces of Thailand, but different from the majority dialect of Sgaw Karen speakers 

in this country, who live mainly in the Northern provinces.  From interviewing many 

residents of Baan Paa Kluay, including users of “Lixwa” and “Lixromeij,” it was 

found that most of them have no motivation to practice reading and writing in Sgaw 

Karen due to the fact that the orthographies do not represent how they actually speak.  

An important issue is that their actual pronunciation doesn’t conform to the spelled 

pronunciation. 
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Sgaw Karens of Baan Paa Kluay 

 

There are approximately 400 Sgaw Karen residents in Baan Paa Kluay, most 

of whom are Roman Catholic and some are Protestant Christian.  Everybody speaks 

Sgaw Karen as their first language.  Almost everybody under thirty has learned Thai 

as their second language, as they need to use it at school or at work.  These bilingual 

people usually have a smaller vocabulary in Sgaw Karen than their parents and 

sometimes speak with one another in Thai.  A female informant, who speaks Thai as 

her second language, said that it is easier for her to speak Thai when she feels she 

lacks vocabulary in Sgaw Karen in the topic of the conversation.   

 

Although everyone in Baan Paa Kluay speaks Sgaw Karen as their mother 

tongue, encouraging the current generation to bring up their children as native 

speakers of Sgaw Karen has been such a challenge because of the overwhelming 

influence of Thai as the national language and the only medium of instruction in 

schools.  The Sgaw Karen Catholic Bible and other religious texts issued by the 

Catholic mission in Thailand are the only source of the Sgaw Karen language 

documentation in Thailand.  Unfortunately, the traditional spelling of words used in 

these sacred texts does not represent the dialect spoken by the majority of Sgaw Karen 

speakers in Thailand.   

  

Many people in Baan Paa Kluay learned reading and writing in Sgaw Karen 

when they were young.  The Protestant Christians are taught to read and write in 

“Lixwa” (the Burmese-based orthography), whereas the Roman Catholic residents are 

taught to read and write in “Lixromeij” (the Roman-based orthography).  However, as 

these people get older, not many of them still remember how to read and write their 

mother tongue in either Sgaw Karen orthography because printed media as well as the 

increasing online resources that they can receive are mostly in Thai.  The Bible and 

Christian song and prayer books are, in fact, the only resources in Sgaw Karen for 

adults.  All informants of this study who read the prepared wordlist provided in the 

Latin-based Sgaw Karen script are Roman Catholic. 
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2.4 Relevant Literature on Sgaw Karen in Thailand 

 

No complete acoustic phonetic description of any Sgaw Karen variety in 

Thailand has ever been published before.  However, there are three phonological 

analyses on this language that need to be mentioned.  In 1961, Robert B. Jones Jr. 

provided a phonological description of Sgaw Karen varieties of Moulmein and 

Bassein of Myanmar.  Jones described the grammars of six Karen varieties covering 

their phonology and word classes.  His sample of the Bassein Sgaw Karen dialect was 

collected from a multilingual informant in the United States, who spoke Burmese with 

her brothers and sisters, English with her parents, Pho Karen with her maternal 

relatives and Bassein Sgaw Karen with her paternal relatives.  Later when Jones was 

in Myanmar, his Sgaw Karen material was revised and expanded with the help of a 

native speaker of Pho from Bassein.  This revision of the original data shows a nature 

of phonology that is not necessarily based on the actual speech of the speakers.  His 

other informant, who represented the Moulmein Sgaw Karen dialect, was an educated 

man who was not born in Moulmein but grew up there and spent several years in 

Rangoon and one year in the United States.  Jones relied on only one main informant 

for each Karen variety, while the result derived only from one informant at a time 

(male only or female only) may not be a good representation of the phonological 

characteristics of these two Sgaw Karen dialects in Myanmar. 

 

Two decades later, Dhananjayananda described the phonology of a Sgaw 

Karen dialect spoken in Huay Tom Village, Lamphun Province, Thailand and 

compared it with the phonology of Standard Thai, in order to understand why Sgaw 

Karen children have problems with their Thai pronunciation.  Her consultants were 

three native speakers from the village who could also speak Thai: including a male 

student aged 16, a male teacher aged 35 and a female adult aged 45.  The student 

consultant was the only informant who had to pronounce 1,140 words in the prepared 

wordlist, whereas the other two mainly participated in developing the wordlist.  As 

the student was pronouncing words in the list, the researcher transcribed what she 

heard immediately in IPA plus some additional symbols for marking tones.  She also 
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recorded the speech for a later check.  Dhananjayananda was the first to describe the 

phonology of a Sgaw Karen variety in Thailand at thesis length. 

 

A few years later, Ratanakul, a linguistic expert from Mahidol University who 

has published numerous works on linguistics and sociolinguistics of Sgaw Karen in 

Thailand, along with her team, issued the first and only Thai-Sgaw Karen dictionary. 

This dictionary was more than ten years in the making.  In the index section of her 

dictionary, Ratanakul described the phonology of the Sgaw Karen dialect of Baan 

Huay Bong Village, Mae Jam District, Chiang Mai, part of which had formerly been 

reported in Ratanakul’s “Pleng Karieng” [Karen Songs] (Ratanakul) in the Journal of 

Language and Culture of Mahidol University.  This ‘Baan Huay Bong’ Sgaw Karen 

dialect is also known as the ‘Khun Jam’ dialect, a name after a tall mountain near the 

village (Ratanakul et. al. XXVIII). 

 

Ratanakul et al. stated that their phonological description was not intended to 

be comprehensive as the authors remarked on page XXIX in Thai as follows:  
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My own English translation of their statement is as follows: “This introductory 

chapter presents a brief description of Sgaw Karen phonology, including only the 

selected part that is deemed useful for dictionary readers.  This is to help readers learn 

how to pronounce Sgaw Karen words correctly, to the extent that the native speakers 

can understand.  However, this description is not as comprehensive as in a thesis on 

descriptive phonology.  Otherwise, this dictionary would be even thicker than it is and 

useful only for linguists.” 
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In conclusion, all of the previous studies on the sounds in Sgaw Karen by 

Jones, Dhananjayananda and Ratanakul et al. were all based on phonology.  This 

present research, which takes the acoustic phonetic approach to sound analysis, 

therefore, is hoped to provide new knowledge of the Sgaw Karen language in 

Thailand.   

 

2.5 Phonetics 

 

Phonetics is the study of physical sound units in human speech.  Phoneticians 

describe the smallest physical segments in speech which are called ‘phones’ by the 

way they are produced, transferred, perceived or interpreted, which can be referred to 

as ‘phonetic features’.  Phonetic features can be divided into ‘segmental features’ and 

‘suprasegmental features’.  A phonetic symbol, which indicates the type of the vowel 

or the consonant, represents a set of the phonetic features that make up that vowel or 

consonant. 

 

The phonetic science is usually divided into three branches: 1) articulatory 

phonetics describes speech sounds by examining the organs of speech as they are 

producing these sounds, 2) acoustic phonetics describes speech sounds by observing 

and measuring the acoustic values that make up the speech sounds and 3) auditory 

phonetics describes speech sounds by how they are perceived and interpreted by the 

listener’s brain (Trask 270). 

 

Phonetics and phonology are two different disciplines both of which study 

speech sounds.  In contrast to phonetics, phonology centers upon identifying the 

abstract sound units within a language, which are called ‘phonemes’, and the 

members of these phonemes, which are called ‘allophones’.  Phonologists set up 

phonological rules to explain how phonemes and allophones are distributed and 

behave in the syllable, the word or the sentence levels.  Phonology is related to 

semantics, e.g. when [pa] with one tone has a different meaning from [pa] with 

another tone, we can say that there is a phonemic distinction between these two tones.  
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Unlike phonology, phonetics ignores the meanings and gives attention only to the 

physical features of the phones. 

 

2.5.1 Segmental Phonetic Features 

 

A segment of speech can be considered in three major phonetic dimensions: 

Airstream mechanism (determining whether lung-air is used in speech production or 

the sound is a click without airstream), Laryngeal (involving articulations at the 

larynx) and Supra-Laryngeal (involving articulations above the larynx) (Ladefoged 

and Johnson, 232-234,272-77). 

 

 

Figure 2.5: Three Segmental Features (Ladefoged & Johnson, 273) 

 

Airstream mechanism feature 

 

Since most of the world’s languages use a modal pulmonic airstream 

mechanism rather than clicks, the airstream mechanism feature needs no discussion 

here. 

 

Laryngeal features 

 

The laryngeal features include three features:  Glottal Stricture (or phonation), 

Glottal Timing (or aspiration) and Glottal Movement. 
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Phonation and aspiration are important features for many languages.  In speech 

production, the changes in lung volume caused by the movements of the rib cage and 

the floor of the thoracic cavity result in difference in the air pressure in the lungs and 

that outside the body.  In order to make equal the internal and the external air 

pressures, the air is forced to move into or out of the lungs passing through the 

windpipe, the larynx and the other speech organs in the airway.  The larynx, a valve-

like organ, has a pair of vocal folds and a number of muscles that co-function in 

controlling the phonation types of the sounds in speech.   

 

In producing vowels and voiced consonants, the air pressure under the vocal 

folds forces the folds that are close together apart, letting out the lung air through the 

opening.  This causes the pressure under the folds to reduce and then the folds come 

close together again and then everything repeats.  This process can repeat more than a 

hundred times in a second, generating vocal fold vibration and a [+voice] sound, 

which has pitch, carried in successive air pulses going up the vocal tract, passing the 

pharynx and then through the oral or the nasal tract.  Regular voiced sounds are called 

[(modal) voice].   

 

In producing a voiceless [-voice] sound, the muscles around the vocal folds 

pull the folds apart throughout the production of a given sound; therefore, the vocal 

folds cannot vibrate.  Both consonants and vowels can become voiceless.  Voiceless 

vocalic transitions can be broadly transcribed as [h]. 

 

A voiced sound may become [breathy] if the vocal folds are too loose.  On the 

other hand, a voiced sound may become [creaky] if the vocal folds are too tight.  And 

if the vocal folds are pressed so tight that they stop vibrating, that can produce a 

glottal stop [ʔ], which is represented by the [closed] phonation feature.   

 

When immediately following a vowel, the [ʔ] usually shortens the length of 

the vowel, but the [ʔ] does not cause a formant transition like consonants (Borroff 20).  
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Also, the [ʔ] does not have its own formants like vowels do; in fact, it usually permits 

vowel formants or the resonance of the vowel to pass through it. 

 

In addition to the phonation feature, another important laryngeal feature is 

aspiration, which has two possible values: [aspirated] or [unaspirated].  Only 

voiceless and breathy voiced plosives have chance of being [aspirated].  Voiced 

plosives are always [unaspirated] and any segments apart from plosives will not be 

considered for aspiration. 

 

Supra-laryngeal features 

 

Supralaryngeal features include four features, namely, Place (of articulation), 

Manner (of articulation), Nasality and Laterality. 

 

 

Figure 2.6: The feature Place (Ladefoged & Johnson, 273) 

 

Figure 2.6 (above) shows possible values under the feature Place: including 

[bilabial], [labiodental], [dental], [alveolar], [palato-alveolar], [retroflex], [palatal], 

[velar], [uvular], [pharyngeal], [epiglottal] and [glottal]. 
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Figure 2.7: The feature Manner (Ladefoged & Johnson 274, 276) 

 

Figure 2.7 (above) shows possible values under the supralaryngeal feature 

Manner: including [stop] under the feature Stop; [sibilant] and [nonsibilant] under the 

feature Fricative; various values under the features Approximant and Vowel; [tap] 

under the feature Tap; and [trill] under the feature Trill.  Stop, Fricative, Approximant 

and Vowel features can be regarded as aspects of the feature Aperture due to the fact 

that Stop, Fricative, Approximant and Vowel represent different levels of the opening 

in the oral cavity from the minimum in Stop to the maximum in Vowel.  Approximant 

refers to nonsyllabic, vowel-like consonants.  Unlike semivowels, approximants do 

not have their syllabic versions found in the speech data. 

 

 

Figure 2.8: The features Nasality and Laterality (Ladefoged & Johnson, 275) 
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Figure 2.8 (above) presents possible values under the features Nasality and 

Laterality: including [nasal] and [oral] under the feature Nasality; [lateral] and 

[central] under the feature Laterality.  Both consonants and vowels can have the 

[nasal] value when the velum is lowered when speaking. 

 

After a phonetic analysis has been undertaken and phonetic features have been 

identified, the set of phonetic features that make up each sound can be transcribed 

using the International Phonetic Alphabet (IPA). 

 

The International Phonetic Alphabet was invented and has been maintained by 

the International Phonetic Association.  The IPA symbols are presented in the 

following tables and charts: 

 

 

Figure 2.9: Vowels (IPA, 2005) 

 

 

Figure 2.10: Pulmonic Consonants (IPA, 2005) 
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Figure 2.11: Non-pulmonic Consonants (IPA, 2005) 

 

 

Figure 2.12: Diacritics (IPA, 2005) 

 

The 2005 IPA tables and charts presented above – including the symbols for 

vowels, pulmonic consonants, non-pulmonic consonants and narrow phonetic 

characteristics (diacritics) – imply that the IPA treats speech segments mainly as 

either consonants or vowels.  Narrow phonetic transcription of speech can be 

provided by adding diacritic symbols to some consonants and vowels to distinguish 

them from similar segments that are marked by different or no diacritics. 
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2.5.2 Supra-Segmental Phonetic Features 

 

In addition to the segmental features, the IPA also has symbols for 

representing suprasegmental features, which give phonetic information on the syllable 

level of speech, including length, tone and stress.  These symbols are presented in 

Figure 2.13 below.   

 

 

Figure 2.13: Suprasegmentals, Tones and Word Dialects (IPA, 2005) 
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2.5.3  Acoustics of Speech Sounds 

 

In acoustic phonetic analysis, vowels, consonants and syllables can be 

described by a set of segmental and suprasegmental phonetic features that make them 

up.  Such a set of features can be identified by their acoustic correlates (e.g. 

fundamental frequency, intensity and the distribution of formant frequencies), which 

can be observed or measured in the spectrogram (Clark & Yallop 236).   

 

These acoustic values of speech sounds are shaped as the sounds produced at 

the larynx are traveling through the resonating chambers in the pharynx and the oral 

or the nasal cavities, which serve as the filters that absorb some frequencies in the 

sounds while allowing only certain frequencies to pass through them.  The 

frequencies in the speech sounds that still remain after this journey will appear in the 

spectrogram as dark bars called “formants.”  The more energy a formant has, the 

darker the formant appears in the spectrogram.  Formants are numbered, starting from 

the lowest value in frequency, as F1, F2, F3.... (Trask 148).  The following chart 

demonstrates the energy filtering process, which shapes the acoustic values of speech 

sounds. 

 

 

Figure 2.14: Model of Source and Filter (Clark & Yallop, 1995) 
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F1 

F2 

Acoustic Correlates of Phonetic Features 

 

This part will describe the acoustic correlates of the segmental and 

suprasegmental phonetic features that make up vowels, consonants and syllables.  The 

following refers to Gautam (46-118): 

 

Let us start with the vowels – the segments with the highest energy in the 

syllable.  The important acoustic correlates that identify the features (e.g. height, 

backness, rounding) of a vowel are the F1 and F2 frequencies of the vowel. 

 

The F1 and F2 frequencies of vowel sounds are the most important to identify 

the shape of the resonating tube that modifies the sounds.  The phonetician takes the 

steadiest F1 and F2 values from each vowel, which, together, are called a “vowel 

target” and he uses the vowel targets taken from all of the vowels spoken by each 

individual to plot a ‘vowel chart’ as in the following example. 

 

 

Figure 2.15: Plotting of the nine vowels in Wa (adapted from Watkins 52, Figure 5-7) 

 

In Figure 2.15 (above), the vowel sounds are charted by their F1-F2 

coordinates.  Phonetic symbols are assigned to the vowels by the acoustic areas they 

fall into on the chart.  The circles are drawn to distinguish different phonetic vowel 

types, disregarding the number of vowel phonemes.   
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Apart from the vowels, which are syllabic, there are nonsyllabic vowel-like 

segments such as semivowels and laryngeal articulations.  The acoustic correlates that 

identify them are similar to the syllabic vowels except that the vowel-like segments 

are too low in energy and too short in duration to represent the peak of the syllable. 

 

Next, let us consider the consonants.  The acoustic correlates that identify the 

manner, nasality and laterality features of the consonant (e.g. as being Stop, Fricative 

or Trill, being Oral or Nasal and being Central or Lateral) are their spectrographic 

characteristics as follows:  

 

Stop can be identified by a burst of energy following a stop period.  Fricative 

can be identified by relatively long frication energy in the higher frequency region.  

Trill can be identified by a single extra-short spectral energy peak or several in a row.  

Nasal can be identified by their very low F1 (or the nasal formant) and their anti-

formants which refer to the frequencies above the nasal formant being completely or 

partially deleted as the result of the great energy absorption in the nasal cavity.  

Lateral approximant can be identified by having anti-formants which occur due to the 

great obstruction of the tongue in the oral cavity and by having a formant structure 

which is much weaker than vowel formants. 

 

Whether manner, nasality and laterality types it has, a consonant must also 

have its ‘place’ feature identified.  The important acoustic correlate that identifies the 

place of the consonant (e.g. as being bilabial, labiodental, dental, alveolar, palatal, 

velar) is the characteristic of the F2 transition from the consonant to a following 

vowel or from the vowel to a following consonant.  This is explained in Figure 2.16 

(below), which replicates the presentation in the “UCL lecture notes on formant 

transition” (4) by using my own example in Central Thai. 
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Figure 2.16: Spectrograms of consonant-vowel sequences in Central Thai 

 

Figure 2.16 (above) presents the spectrograms of a speech sample by a male, 

Thai speaker.  The researcher recorded himself saying these nonsense words that 

consist of some consonants, vowels and tones existing in Thai directly to Praat.  The 

directions of the F2 transitions in the spectrograms in the above figure represent the 

influence of the consonants preceding the vowels.  Let us annotate the directions of 

the F2 transitions in the above figure and see why the vowel [a] should be used for 

identifying the place of articulation of the consonant, as follows. 
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Figure 2.17: Directions of the F2 transitions in the above figure 

 

From the above table, it can be noticed that the transition from the consonant 

to the [a] is ideal for identifying the feature Place of consonants.  The F2 transition 

to [a] is rising when the consonant is produced in the front (bilabial) and the degree 

of the rising slope gradually decreases and finally the transition becomes falling as 

the place of articulation moves deeper in the mouth.  The transition becomes heavily 

falling when it transitions from the consonant produced in the back (velar). 

 

In addition to the supralaryngeal features (i.e. place, manner, nasality and 

laterality), the laryngeal features of consonants such as phonation and aspiration types 

are also needed to be considered.   

 

 

Figure 2.18: Waveform and spectrogram of [ka˥˩ kha˥˩ ga˥˩] by a male speaker 
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One acoustic correlate that can efficiently identify the phonation and aspiration 

type of consonants is the F0 pitch contour (as in the blue contours in the above 

spectrogram from Praat – Praat is discussed in 2.5.4).  Figure 2.18 (above) contrasts 

the unaspirated voiceless velar stop in [ka] from the aspirated voiceless velar stop in 

[kha] and the voiced velar stop in [ga] by their F0 pitch contour.  In [ka], the F0 pitch 

contour occurs almost immediately after the burst indicating that the stop is voiceless 

and unaspirated.  In [kha], the F0 pitch contour occurs after a period of noise 

indicating that the stop is voiceless and aspirated.  In [ga], the F0 pitch contour occurs 

early during the closure in the stop and lasts until the end of the syllable indicating 

that the stop is voiced. 

   

To quantify the above observation, the Voice Onset Time (VOT) of the 

consonants can be measured and compared.  However, this can apply to the phonation 

and aspiration distinction in plosives only.  According to Ladefoged & Johnson (151–

56), to measure the VOT, the moment of the burst in the stop has to be located in the 

speech waveform.  The duration between the burst and the start of vocal fold 

vibration, which is marked by periodic sound waves, is the VOT value.  In the case 

that vocal fold vibration starts before the burst, as in voiced stops, the VOT will have 

a negative value. 

 

For example, Figure 2.19 (below) shows the waveform and spectrogram of 

[ka].  In the waveform (Left), the highlighted area is the 12-ms-long VOT of the 

syllable, starting from the burst of [k] to the point in time where the sound wave has 

become periodic, which reflects the vocal fold vibration for the vowel [a].  In the 

spectrogram (Right), there is a peak of pitchless energy at the burst of the [k].  12 ms 

following the burst, there are regular pulses of energy and observable formants of the 

vowel [a]. 
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Figure 2.19: Waveform (Left) & Spectrogram (Right) of [ka] 

 

Lastly, let us consider the suprasegmental features that make up each syllable.  

Suprasegmental features to be identified may include tone, intonation, stress or length 

depending on the nature of the language.  In this phonetic analysis of Sgaw Karen, 

only tone and vowel length will be described.  The acoustic correlate for tone, which 

is the movement in pitch, is the F0 pitch contour.  The correlate of a vowel length is 

simply the length of the vowel formants. 

 

2.5.4 Acoustic Phonetic Analysis with Praat 

 

The acoustic phonetic approach uses tools such as the sound spectrograph to 

assist in the study of the physics of speech sounds.  Different tools can be acquired for 

different research aims.  For example, while a sound spectrograph can be used to 

provide spectrograms of speech sounds, a speech synthesizer can be used to generate 

sounds corresponding to the given specifications of speech.  In this research, the 

digital sound spectrograph Praat is used to examine the acoustic phonetics of Sgaw 

Karen.  By observing waveforms, F0, formants, intensity, pitch, for instance, on Praat, 

the phonetician will have an empirical basis for assigning phones. 

 

Praat is a freeware, having been widely used in phonetic research and 

instruction at leading universities and institutes worldwide.  By surveying leading 

universities’ websites, it was found that many leading universities, namely, the 

University College London (UCL), the University of Edinburgh, the Australian 

National University (ANU), the Massachusetts Institute of Technology (MIT), the 

University of California Los Angeles (UCLA), the University of Pennsylvania, the 
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University of Illinois, the University of Michigan, the University of Washington, the 

University of Southern California, the University of North Carolina at Chapel Hill, the 

University of Toronto, the University of Amsterdam, the University of Gothenburg, 

Lund University, the University of Geneva, among others, have trained their linguistic 

students to use Praat for research purpose.  From 2009 – 2010, Praat was used for 

studying the phonetics of several minority languages (e.g. Amos Teo, Kumar et al., 

Evans et al.).  Teo provided an original acoustic phonetic description of Sumi, a tonal, 

Tibeto-Burman language spoken in Northeastern India.  He used Praat to help in 

annotating the speech samples that he collected from two native speakers.  Kumar et 

al. studied the acoustic correlates of stress in Konkani, an Indo-Aryan language 

mainly spoken in the Konkan coast of India.  They used Praat to extract F0, intensity 

and duration of the speech sounds from his data, collected from ten informants.  

Evans et al. studied how various factors (e.g. genders of the informants, distribution 

of tones in words, types of vowels and types of sentences) and the interactions 

between these factors have an effect upon the characteristics of F0 in Luobuzhai, a 

variety of Qiang (a tonal language of the Tibeto-Burman family).  They used Praat to 

investigate F0 frequencies in a sample collected from eight informants. 

 

2.6  Previous Research Using the Acoustic Phonetic Approach 

 

Most existing literature employing the acoustic approach is usually narrowed 

to investigating specific issues.   Watkins’ The Phonetics of Wa: Experimental 

Phonetics, Phonology, Orthography and Sociolinguistics, Amos’ Sumi tone: a 

phonological and phonetic description of a Tibeto-Burman language of Nagaland and 

Gautam’s Acoustic Analysis of the Balami Phonemes have acoustic analysis sections 

that are interesting and similar to this present research as all of them used a digital 

sound spectrograph for speech analysis. 

 

Watkins (2000) provides an acoustic phonetic description of the Northern 

Mon-Khmer language Wa spoken in an area on the border between Myanmar's Shan 

State and China's Yunnan Province.  A special focus of this study is the application of 

techniques in laryngography to describe the function of the larynx in speech.  Watkins 
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used a wordlist of 136 words for elicitation and analyzed the data using a digital 

laryngograph and a digital sound spectrograph.  Specifically, the study looks at the 

coordination of aspiration, the register contrast and laryngeal consonants, all of which 

depend on some laryngeal articulation to maintain phonemic contrasts. 

  

 Amos Teo’s phonological and phonetic description of Sumi, a Tibeto-Burman 

language of India, provides a comprehensive description of the tone in this language.   

This work provides the first acoustic phonetic study of Sumi that examines the 

phonetic realization of tones and the interaction between tones and segments. The 

study also offers a cross-linguistic comparison of the tone system of Sumi with that of 

other closely related Kuki-Chin-Naga languages as well as considers some 

preliminary observations of the historical origin and development of tone in these 

languages. The typological comparison of these languages with other Tibeto-Burman 

languages shows that although these languages are spoken in what has been termed 

the ‘Indosphere’, their tone systems are similar to those of languages spoken further to 

the east in the ‘Sinosphere’.   Finally, a more global typological comparison of Sumi 

with ‘African’ and ‘East Asian’ tone languages demonstrates that Sumi displays 

features typically associated with both these language ‘types’.  Amos’ study suggests 

the need to re-evaluate the traditional dichotomy of tone systems and to consider 

morphological structure in typologies of tone.  For the acoustic phonetic analysis of 

this study, the software program Praat (Boersma and Weenink) was used to generate 

spectrograms and waveforms as empirical evidence for the segmental and 

suprasegmental analysis.  

 

The purpose of Gautam’s study on Balami, a Tibeto-Burman language of 

Nepal, is to analyze the distinctive speech sounds of the language in terms of their 

acoustic correlates.  The main tools used are 210 word lists and the minimal pairs 

elicited from both male and female speakers.  The phonemes found in the language 

were recorded for their analysis in the acoustic level. The Source- Filter theory of 

speech production is used as models for the production of vowel sounds and for 

describing the production of consonant sounds in relation to the production of the 

vowels. The acoustic analysis of the Balami phonemes was done with the help of the 
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Praat and Audacity software. The major areas of the contribution made by this study 

are the phonology and phonetics especially the acoustic level of analysis of the 

phonemes found in Balami language.  Moreover, the identification of the permissible 

syllable structure and the distribution of phonemes in different word environments are 

believed to be useful in the area of the phonological study of the language. In 

addition, the scientifically made acoustic vowel space helps to identify the location of 

the vowels in the vowel quadrilateral and their comparison with the neighboring 

language.  

 

2.7  Speech Data Collection by Elicitation 

 

In Trask’s A Dictionary of Phonetics and Phonology, “elicitation” refers to 

various field techniques for collecting information on the language of question from 

the informants.  Asking the informants to answer some questions or to read aloud 

word lists, for instance, is “direct elicitation,” as the informants respond or speak with 

awareness.  Secretly recording conversions among native speakers in a natural setting 

is an example of “indirect elicitation” as the speakers are unaware that they are being 

recorded.  Both direct and indirect elicitation techniques have strengths and 

weaknesses.  The direct elicitation is time-saving and the researcher can ensure that 

speech is well recorded in a location with minimum noise, although the informants 

may be more careful than usual.  The indirect elicitation technique can collect speech 

in more natural contexts; however, the researcher will have difficulty controlling the 

environment and use much more time and he could come up with poor quality 

recordings and data that are irrelevant. 

 

In this research, word lists are used to directly elicit required data.  The 

informants were aware that they are providing speech for phonetic research and they 

were expected to speak as naturally as possible.  The word lists used for elicitation 

had no loanwords from Thai.  The locations with minimum noise for speech recording 

were also chosen.   
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A basic principle of elicitation is discussed in Mosel (75-80). Firstly, the 

investigator needs to compile a wordlist in the language of question.  This is 

traditionally done by asking a bilingual native speaker to help with the translation of a 

wordlist from a known language into the language of question.  It is possible that 

some words in the list do not have equivalents in the language of question.  The 

investigator should allow his bilingual informant to participate as much as possible in 

the wordlist preparation, e.g. they may discuss about alternative meanings or types of 

the words to be put in the list.  For more comprehensive language documentation or 

for doing a complete phonological analysis, the researcher should also ask the 

informant to provide short clauses out of the words in the list.   

 

The standard wordlist used in this research is a combination of the 100 and the 

200 Swadesh wordlists, named after Morris Swadesh, who developed these lists 

during the 1950s (Swadesh 1950, 1952, 1955).  They are lists of basic, non-cultural 

lexical items, popularly used in the documentation of the world’s languages and 

lexicostatistics.  However, it is recommended that the researcher discuss every word 

in these lists with the native speaker to ensure that any loanword is excluded. 

 

Since there are only seven words in the 100-word list – i.e. breast, claw (in this 

research, “fingernail”), full, horn, knee, moon and round – which are not included in 

the 200-word list, thus the combination of both Swadesh lists contains 207 words.  

This 207-word Swadesh list is internationally recognized and has been widely used 

for documenting, investigating and comparing languages of the world (Haspelmath 

36).  By using the Swadesh list, the result can be easily compared with that of other 

studies on Sgaw Karen or other Sino-Tibetan languages. 

 

Another standard wordlist having been used for documenting languages in 

Thailand and Southeast Asia for many decades is CALMSEA (a.k.a. Matisoff 200-

word list).  CALMSEA was proposed by Matisoff in 1978 by adapting the Swadesh 

200-word list.  Of the 200 meanings in the CALMSEA list, 110 were taken from the 

Swadesh list and the other 90 were added by Matisoff.  The CALMSEA and the 

Swadesh lists were compared and found that some words excluded from the original 
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list include basic ones such as ‘back,’ ‘knee,’ and ‘leg’, while those added by Matisoff 

include words that may be difficult to elicit such as ‘penis’ and ‘vagina’.  Basic terms 

for these human private parts are taboo words in many cultures.  Hongladarom stated 

that it took her almost two years to become familiar with one of her Rgyalthang 

informants enough to ask him what these words were in Rgyalthang.  She said, “Even 

then, I did not dare to ask about them directly” (87).  It may be then culturally 

difficult to elicit the informants’ pronunciation of these words; asking them to say the 

words three times would cause a lot more awkwardness to both parties.         

 

Matisoff (335, cited in McMahons 44) claimed that “It has been repeatedly 

observed that the standard Swadesh lists are culturally and grammatically 

inappropriate for many linguistic areas of the world.”  Nevertheless, it is found that 

Matisoff’s criticisms of the Swadesh lists are not true for the Sgaw Karen language 

since even words that Matisoff claimed to be “non-basic” for languages of tropical 

regions such as "ice" and "snow" (Hongladarom 84), are words that have been used 

for many generations in Sgaw Karen: e.g. [se˧˩.na˧.wăʔ˦˥] ‘snow’ and [tʰʲɪ˧.kʰlʲɪ˧˩] ‘ice’.  

Actually, the verb ‘to turn’ is the only one word in the Swadesh lists that does not 

exist in Sgaw Karen.  Therefore, the Swadesh lists, which have been much more 

widely used than CALMSEA (Hongladarom 84), seem to be a workable tool for 

eliciting speech, at least in Sgaw Karen. 

 

2.8   List of Important Terms 

 

Acoustic analysis: the study of the physical features of sound with instruments such 

as a sound spectrograph (Trask 6) 

 

Amplitude: the greatest displacement of a periodical sound wave (ib. 21-2) 

 

Articulation: the activity in which movable organs in the vocal tract co-function in 

producing a speech sound (ib. 32) 
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Assimilation: the phenomenon in which a phone becomes similar to an adjacent 

phone in term of one or many acoustic features (Ladefoged & Johnson 111, 277) 

 

Broad transcription: the transcription of speech with the usage of the fewest 

possible phonetic symbols; this type of transcription can be used for describing either 

phones (allophones) or phonemes (ib. 47, 272) 

 

Dissimilation: the phenomenon in which a phone becomes dissimilar from an 

adjacent phone by sacrificing one or many features that it would have so as to become 

clearly distinct from that nearby phone (Alderete, 323)   

 

Formants: the frequencies prominent in energy in speech sounds, which are 

displayed as dark bars in spectrograms (such as F1, F2, F3, …) (Trask 148) 

 

Fricative (a.k.a. spirant): a continuant consonant produced by the airstream passing 

through a narrowed opening of the vocal tract, resulting in a fricative sound (ib. 151) 

– In this study, this term is mostly used for supralaryngeal fricatives. 

 

Fundamental frequency (a.k.a. ‘F0’): the lowest frequency value of a harmonic 

series (ib. 153) 

 

Lateral: a consonant produced by placing the tongue against a point on the roof of 

the mouth while allowing the airstream to pass through the side or the two sides of the 

tongue (Ladefoged & Johnson 15) 

 

Narrow transcription (a.k.a. ‘close transcription’) : the transcription type which 

preserves more phonetic details and is more specific to a set of speech data than the 

broad type of speech transcription, so generally more specific phonetic symbols and 

diacritic marks are used in this type of transcription, which can be used for either 

phonetic (allophonic) or phonemic representation (ib. 47, 272) 
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Nasal (a.k.a. ‘nasal stop’): a consonant produced by stopping the flow of air through 

the mouth while allowing the air to escape through the nose instead (ib. 14) 

 

Phone: one of the smallest physical speech segments of a language (Trask 264) 

 

Phoneme: one of the smallest abstract speech segments of a given language that 

determine semantic differences within that language (ib. 264-65) 

 

Phonetics: a branch of both linguistics and acoustics concerning the production, the 

physics, the perception and the interpretation of speech sounds (ib. 270) 

 

Phonology: the analysis of the system of sounds of a language including identifying 

the phonemes, their members and their distribution in that language (ib. 274) 

 

Plosive (a.k.a. ‘stop’ or ‘occlusive’): a consonant produced by “a pulmonic egressive 

airstream mechanism” which [ideally] involves a sudden sequence of approaching a 

stop in airflow, holding the stop and releasing it, which results in an explosion of the 

air pressure building up during the stop (ib. 281) – In this study, this term is only used 

for supralaryngeal plosives. 

 

Sound spectrogram: a photograph demonstrating the distribution of energy in speech 

sounds, produced by a sound spectrograph (ib. 328) 

 

Voice Onset Time (VOT): The duration between the air-releasing point in the 

production of a plosive and the point when the voicing of the following vowel starts 

(Ladefoged & Johnson 151-56)  

 

Vowel target: The formant frequencies at the point in time at which there is 

minimum influence of consonantal context and the formants appear most steady 

(Harrington 179) 



 
 

CHAPTER 3 

RESEARCH METHODOLOGY 

 

This acoustic phonetic research focuses on exploring the phonetic sounds 

within the Sgaw Karen dialect of Baan Paa Kluay Village in Chiang Mai by using the 

spectrograph software Praat as an important analysis tool.  This chapter provides an 

overview of the procedures and the methods used in obtaining and analyzing the 

speech data. 

 

3.1 Research Location 

 

Most of the relevant literature was reviewed while the researcher was taking a 

postgraduate course in phonetics at the Australian National University (ANU), 

Canberra, on a student mobility program between July and November 2010.  The 

fieldwork and the lab methods were carried out in Chiang Mai, Thailand, from 

January 2011 until January 2012.  The researcher continuously received useful advice 

from his research supervisors: Dr. Preeya Nokaew (CMU) and Dr. Paul Sidwell 

(ANU).   

 

3.2 Research Methods 

 

The researcher compiled and used two wordlists for eliciting speech and used 

the spectrograph software Praat for analyzing speech.  Other equipment used in 

recording sounds includes a CAD U2 USB cardioid condenser microphone with 

stereo headphones, Shtooka Recorder 1.3 (sound recorder software) and an ACER 

laptop computer for running the above-mentioned computer software.  The following 

subsections describe the field method and the laboratory method. 
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3.2.1 Field Method 

 

3.2.1.1 Selection of Informants 

 

 According to Schultze-Berndt, a research project should not have too many 

informants since the time allocated for data annotation should balance the time 

resource of the whole project.  The estimated time needed for the full annotation of a 

one-minute audio could vary from 1 hour to 150 hours, depending on to the level of 

detail and scrutiny (216).  The six informants for the main data plus the six informants 

for the supplemental data, therefore, should be an appropriate number of informants 

considering the time frame of approximately twelve months that involved both 

traveling, speech recording and manual analysis of speech. 

 

 The research was based on two sets of speech data, which, from now on, will 

be referred to as the main data and the supplemental data.  The main data were used as 

the primary data for the analysis while the supplemental data were used to 

complement what is lacking in the main data.  The main data were obtained six 

informants named: Female-1, Female-2, Female-3, Male-1, Male-2 and Male-3.  The 

supplemental data were obtained from six informants named: Female-I, Female-II, 

Female-III, Male-I, Male-II and Male-III.  Since the recording of the main data and 

the supplemental data took place at different periods of the year, only two of the six 

informants, who had previously contributed to the main data, were available to 

contribute to the supplemental data.  While the informant serving as Female-1 was 

available to provide sounds as Female-I and the informant serving as Male-2 was 

available to provide sounds as Male-I, four new informants were recruited to provide 

the supplemental data. 

 

All of the informants were native speakers of Sgaw Karen and native residents 

of Baan Paa Kluay Village, Moo 17, Mae Win Sub-District, Mae Wang District, 

Chiang Mai, Thailand.  They were between 25-50 years old, healthy and non-

smoking.  Apart from their mother tongue, the informants used Central Thai and 
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Northern Thai as their second languages.  Some have learned other foreign languages 

at school as well.  These informants were among the few speakers of Sgaw Karen in 

Baan Paa Kluay who were able to read the Roman-based Sgaw Karen orthography 

with minimal assistance. 

  

3.2.1.2 Wordlist Compilation and Data Collection 

 

Two wordlists were used for collecting speech samples by direct elicitation.  

These two wordlists are: a Swadesh wordlist for collecting the “main data” and an 

additional wordlist for collecting the “supplemental data.”   

 

The original Swadesh list consists of 207 words in English.  The researcher 

translated this list into Thai and asked one of the informants to translate it into Sgaw 

Karen.  However, the Swadesh list has only 206 word equivalents in Sgaw Karen, 

which consist of 94 monosyllabic, 93 disyllabic and 19 trisyllabic words.  All the six 

informants reviewed this list in Sgaw Karen together to ensure that the spellings of the 

words in the list represented the local dialect of Baan Paa Kluay Village.  After that, 

each informant was recorded reading the prepared wordlist, three times for each entry.  

These speech records contributed by Female-1, Female-2, Female-3, Male-1, Male-2 

and Male-3 are named the “main data.” 

 

The additional wordlist was compiled after the main data had been collected 

and partly analyzed.  The first reason to have this additional list is that the sound [ŋ], 

which was reported to exist in the Sgaw Karen variety of Baan Huay Bong Village, 

Mae Jam District, Chiang Mai (Ratanakul et al. XXXV), was found lacking from the 

main data.  Another reason is that the researcher needed a set of words starting with 

the ten plosives that he had found in the main data followed by the same vowel [a] to 

be recorded for the measure of the Voice Onset Time (VOT) of the plosives.  This is 

to justify the phonation and aspiration variation in the plosives – which was also 

reported to exist in the Sgaw Karen variety of Baan Huay Bong Village.  This 

additional wordlist, therefore, had two entries for recording words with [ŋ] and 100 
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other entries for recording words and words in sentences for the VOT measurement 

(100 = 10 plosives x 5 words alone + 10 plosives x 5 words in sentences).  These 102 

entries were originally provided in Sgaw Karen by one of the informants to match the 

researcher’s requirements and the informant explained their meanings to the 

researcher so that he could provide an English translation to accompany each entry.  

This additional wordlist was used in collecting the speech samples of the six 

informants’ reading each entry five times.  These speech records contributed by 

Female-I, Female-II, Female-III, Male-I, Male-II and Male-III are named the 

“supplemental data.” 

 

3.2.2  Laboratory Method 

 

In the laboratory research, speech samples that were saved under the filename 

extension WAV, with 22,050 Hz, 16 bits, stereo sound quality were translated into 

spectrograms for the acoustic phonetic analysis in the software Praat V.5.1.43 

(Boersma and Weenink 2010). 

 

3.2.3 Acoustics Analysis 

 

In the analysis, the researcher began annotating segments, e.g. vocalic and 

consonantal segments, and suprasegmentals, e.g. tones and durations, by considering 

the acoustic correlates of phonetic features such as frequencies, intensity, waveforms, 

etc.  Figure 3.1 provides the overall picture for this stage 
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Figure 3.1: Flowchart for the Acoustic Phonetic Analysis 

 

3.2.3.1 Segmental Analysis 

 

In segmental analysis, the researcher considered speech in the spectrogram as 

series of peaks and transitions between the peaks.  Generally, the peaks of energy are 

vowels and the transitions are consonants (e.g. stops, fricatives, nasals, approximants, 

trills).  However, there also non-syllabic segments that are vowel-like, e.g. vocalic 

transitions and laryngeal articulations.  According to Ladefoged & Johnson’s 

hierarchy of features (272-77), different types of segments are represented by 

different sets of phonetic features.  As each phonetic feature has a certain acoustic 

correlate, by identifying certain acoustic characteristics and measuring some acoustic 

values, the researcher was able to indicate what phonetic features the segments were 

made up of and assigned phones accurately. 

 

First, to identify the types of vowels, the researcher needed to know the height, 

backness and rounding features of the vowels.  To find out, the researcher extracted 

the formant target (F1 and F2 frequencies) of each vowel from the spectrogram and 

compared it with the targets of other vowels in the data.  The researcher discussed the 

findings from the speech of the female and the male informants separately, as females 
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and males have different sizes of speech organs, which generally result in different 

sizes of their vowel space.  After that, the researcher summarized what was common 

between the vowels produced by the females and the males. 

 

To identify the types of consonants, the researcher needed to know the place, 

manner, nasality, laterality, phonation and aspiration features of the consonants.  To 

find out, the researcher had to observe the F2 transitions, spectral characteristics, 

intensity contours, pitch contours, VOT and waveforms of the consonants according 

to the displayed pictures of spectrograms.  The researcher also presented a table of the 

VOT values extracted from the supplemental data to distinguish the phonation and the 

aspiration features of stop consonants. 

 

3.2.3.2 Suprasegmental Analysis 

 

Many languages distinguish different tones and different vowel lengths 

(Ladefoged & Johnson 251).  Tones and vowel lengths can be annotated according to 

the IPA by observing the F0 contour and measuring the duration of the peak. 

   

While the F0 pitch contour represents the tone, the duration of the energy peak 

represents the length of the vowel.  Pitch (which correlates the F0 frequency) can be 

differentiated up to five levels: extra-high [˥], high [˦], mid [˧], low [˨] and extra-low 

[˩].  Prior to identifying the pitch levels, the researcher had surveyed the F0 overall 

frequency range in the speech of each informant to set up the ranges for the five 

pitch levels.  The movement in pitch in the syllable is called ‘tone’.  The researcher 

annotated the tone direction, e.g. rising, falling or flat, by observing the F0 pitch 

contour automatically drawn in Praat and then connecting two or more pitch 

symbols together.  For instance, mid [˧] and extra-low [˩] becomes mid-falling [˧˩].       
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Length can be differentiated up to four levels: extra-short [ă], normal [a], half-

long [aˑ] or long [aː].  A vowel length can be measured in millisecond by locating the 

point where the source started vibrating and the point where the source stopped 

vibrating in the production of the vowel sound.  The researcher had surveyed the 

overall vowel lengths in the speech of each informant to set up the ranges for the 

four length levels and then classified the levels of the vowel lengths by referring to 

these ranges.  



 

CHAPTER 4 

RESULTS 

 

This chapter reports, interprets and explains the main outcomes from the field 

and the lab research.  It is divided into the following sections: 

 

4.1 Field Research 

4.1.1  Main Data 

4.1.2  Supplemental Data 

4.2 Laboratory Research 

4.2.1 Overview 

4.2.2 Segments 

4.2.2.1 Vocalic Segments  

- Vowels 

- Vocalic Transitions 

- Laryngeal Articulations 

4.2.2.2 Consonantal Segments  

- Voiced stops 

- Unaspirated voiceless stops 

- Aspirated voiceless stops 

- Voiced fricatives 

- Voiceless fricatives 

- Nasals 

- Lateral approximant 

- Trill 

4.2.3 Supra-segmentals 

4.2.3.1 Tones 

4.2.3.2 Vowel lengths 
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4.1 Field Research 

 

4.1.1  Main Data 

 

The main data is the speech sample of six informants reading 206 words in 

Sgaw Karen based on the 207 Swadesh wordlist (an entry in the list has no equivalent 

found in Sgaw Karen).  The 206 entries comprise 94 monosyllabic, 93 disyllabic and 

19 trisyllabic words in Sgaw Karen.  The narrow phonetic transcription of each 

informant’s reading of these 206 entries is given in the appendix, accompanied by the 

original entries in English. 

 

4.1.2  Supplemental Data 

 

The supplemental data is another speech sample of six informants reading 102 

additional entries.  Unlike the main data, this supplemental data was collected mainly 

for measuring the voice onset time of plosives; therefore, only broad phonetic 

transcription is sufficient for this data.  The list of these 102 additional entries is 

provided in the appendix, accompanied by the broad phonetic transcription and the 

meanings in English.  This supplemental data has a different structure from the main 

data as the wordlist with which it was collected had been designed by the researcher 

in use for specific purposes as explained above. 

 
 
 
4.2 Laboratory Research 

 

4.2.1 Overview 

 

Figure 4.1 presents all the discovered phonetic segments from the data in a 

hierarchy table of phonetic features following Ladefoged & Johnson (2006: 272-78). 
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Figure 4.1: Phonetic vowels and consonants in Sgaw Karen of Baan Paa Kluay 
 

Place 

Labial 
[bilabial] [p, pʰ, b, m] 

[labiodental] [v] 

Coronal 

[dental] [t,̪ t ̪h , d,̪ n]̪ 

[alveolar] [s, z, r, l] 

[palatal] [c, cʰ, ɲ] 

Dorsal [velar] [k, kʰ, x, ɣ, ŋ] 

Manner 
Aperture 

Stop [stop] 
[p, pʰ, b, t,̪ t ̪h , d,̪ c, cʰ, k, 

kʰ, m, n,̪ ɲ, ŋ] 

Fricative 
[sibilant] [s, z] 

[nonsibilant] [v, x, ɣ] 

Central 

approx. 

and 

Vowel 

Height 

[high] [ɪ, ɨ, ʉ, ʊ] 

[mid-high] [e, o] 

[mid] [ə] 

[mid-low] [æ, ɔ] 

[low] [a] 

Backness 

[front] [ɪ, e, æ] 

[central] [ɨ, ʉ, ə, a] 

[back] [ɔ, o, ʊ] 

Rounding 
[rounded] [ʉ, ɔ, o, ʊ] 

[unrounded] [ɪ, e, æ, ɨ, ə, a] 

Trill [trill] [r] 

Nasality 
[nasal] [m, n,̪ ɲ, ŋ] 

[oral] (all others) 

Laterality 
[lateral] [l] 

[central] (all others) 

Laryngeal 

Glottal Stricture 

[voiceless] 

[p, pʰ, t,̪ t ̪h , c, cʰ, k, kʰ, s, 

x] and all vowels in some 

context 

[breathy voice] 
all vowels in some 

context 

[(modal) voice] 
[b, d,̪ z, v, ɣ, m, n,̪ ɲ, ŋ, r, 

l] and all vowels 

[creaky voice] 
all vowels in some 

context 

[closed] 

(i.e. the glottal stop) 

all vowels in some 

context 

Glottal Timing 
[aspirated] [pʰ, t ̪h , cʰ, kʰ] 

[unaspirated] [p, t,̪ c, k] 
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The vocalic segments include 10 phonetic vowels [ɪ, e, æ, ɨ, ʉ, ə, a, ɔ, o, ʊ].  

All of these vowels mostly appear as energy peaks in the spectrogram, but three of 

these vowels [ɪ, ʉ, ʊ] appear as vocalic transitions in some specific contexts.  

Furthermore, these ten vowels, most of which are modal voiced sounds, were also 

found as voiceless, creaky and closed sounds in some specific contexts.  As for the 

consonantal segments, 21 consonants were found [p, pʰ, b, t,̪ t ̪h , d,̪ c, cʰ, k, kʰ, s, z, v, 

x, ɣ, m, n̪, ɲ, ŋ, r, l].  They vary in terms of Manner, Nasality, Laterality, Place, 

Phonation and Aspiration.  On the suprasegmental level, four tone groups and four 

ranges of vowel lengths were found. The four tones include 1) High-level, mid-rising 

or high-rising: [(ʔ)˦˦ ˦, (ʔ)˧˦, (ʔ)˦˥], 2) Mid-level or mid-level with a falling tail: [˧˧ ˧, ˧˧ ˨, ˧˧ ˩], 

3) Low-level, low-falling or mid-falling: [(ʔ)˨˨ ˨, (ʔ)˩˩ ˩, (ʔ)˨˩, (ʔ)˧˩] and 4) Low-falling-rising 

or low-rising: [˨˩ ˨, ˨˩ ˧, ˩˨, ˩˧].  As for the vowel length, most vowels were found to fall in 

the [a] range, many fall in the [ă] range and some fall in the [aˑ] and [aː] ranges.   
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4.2.2 Segments 

 

4.2.2.1 Vocalic Segments 

 

The vocalic segments in the main data are categorized as: vowels, vocalic 

transitions and laryngeal articulations. 

 

Vowels 

 

Spectrograms of vowels 

 

This section presents the primary findings of the vowels from the main data.  

Example spectrograms from Female-1 and Male-1 in Figure 4.2 (below) present how 

formant frequencies of vowels were extracted.  The darker areas in these 

spectrograms, called “formants,” represent energy peaks in the specific frequency 

ranges. 

 

Figure 4.2: Example spectrograms from Female-1 (Above) and Male-1 (Below) 
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Figure 4.2 (above) presents example spectrograms from the speech of Female-

1 and Male-1 saying main data words 1.1, 2 and 3.  The dark bars in each spectrogram 

are the formants or the ‘target’ of the vowel.  F1 is the first dark bar and F2 is the 

second dark bar from the bottom.  The red line is automatically generated through the 

middle of each dark bar.  The researcher clicked on these red lines to get the F1 and 

the F2 frequencies of the vowel in Hertz.   

 

Female-1’s main data word 1.1 (meaning ‘I’) has a Consonantal Transition 

(CT), P1 (Peak 1) and a Glottal Stop (G).  The target (F1 and F2 frequencies) of P1 is 

996 and 2102 Hz.  Female-1’s main data word 2 (meaning ‘you (singular)’) has a CT, 

P2 and a Resonance (R).  The target of P2 is 930 and 2,190 Hz.  Lastly, Female-1’s 

main data word 3 (meaning ‘he’) has P3, a G, a Vocalic Transition (VT), P4 and an R.  

The target of P3 is 1,019 and 1,940 Hz and the target of P4 is 820 and 2,249 Hz.   

 

Male-1’s main data word 1.1 has a CT, P5 and an R.  The target of P5 is 871 

and 1,527 Hz.  Next, Male-1’s main data word 2 has a CT, P6 and an R.  The target of 

P6 is 680 and 1,579 Hz.  Lastly, Male-1’s main data word 3 has P7, a VT, P8 and an 

R.  The target of P7 is 822 and 1,464 Hz and the target of P8 is 565 and 1978 Hz.  

 

The type of the vowel cannot be identified by looking at one or a few vowel 

targets separately, as we did above.  The type of the vowel can only be identified by 

comparing its target with that of the other vowels that are taken from the data as a 

whole.  Such comparisons are provided in the following section. 

 

Results from the analysis of the vowel targets 

 

The F1 and F2 frequencies of the peaks (or the vowel targets) in the 

spectrogram shown in Figure 4.2 are used to plot a vowel diagram.  Ten phonetic 

vowels are found in the speech of both female and male informants, varying in terms 

of Height, Backness and Rounding features, which are identified by the F1 and F2 

frequencies of the vowels.  These ten vowels include the unrounded front vowels [ɪ, e, 
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æ], the unrounded central vowels [ɨ, ə, a], the rounded central vowel [ʉ], which is 

slightly behind the [ɨ], and the rounded back vowels [ɔ, o, ʊ].   

 

The following presents a set of vowels spoken by female informants, a set of 

vowels spoken by male informants and a comparative set of vowels spoken by both 

male and female informants. 

 

Vowel targets from the female informants 

 

Figure 4.3: F1 and F2 Frequencies of the Vowels Spoken by Female Informants (Hz) 

Formant 

frequencies 

Front vowels Central vowels Back vowels 

[ɪ] [e] [æ] [ɨ] [ʉ] [ə] [a] [ʊ] [o] [ɔ] 

F1(Hz) 

Female-1 456 608 778 491 478 677 957 462 627 829 

Female-2 417 574 853 470 480 685 1,043 429 611 812 

Female-3 435 536 715 491 458 632 954 443 579 672 

Mean 436 573 782 484 472 664 985 445 606 771 

F2(Hz) 

Female-1 3,012 2,687 2,313 1,614 1,701 1,664 1,966 906 982 1,281 

Female-2 2,994 2,781 2,502 1,677 1,211 1,583 1,848 894 993 1,231 

Female-3 2,436 2,393 2,083 1,603 1,558 1,648 1,665 932 1,009 1,231 

Mean 2,814 2,620 2,299 1,631 1,490 1,632 1,826 911 994 1,248 

 

The above figure presents the averaged vowel targets (F1 and F2 frequencies) 

of the ten vowels in the speech sample of the female informants.   F1 serves to 

identify the height feature and F2 the backness and the rounding features.  It can be 

seen that the heights of the vowels have an inversed proportional relation with their 

F1 frequencies i.e. the lower the F1 frequency, the higher the vowel is located.  The 

vowels [ɪ, ɨ, ʉ, ʊ] are described as [high] vowels as their mean F1 frequencies are in 

the lowest range (between 436 and 484 Hz).  The vowels [e, o] are described as [mid-

high] vowels as their mean F1 frequencies are slightly higher than that of the high 

vowels (between 573 and 606 Hz).  The vowel [ə] is described as a [mid] vowel as its 
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mean F1 frequency is in the middle range (664 Hz).  The vowels [æ, ɔ] are described 

as [mid-low] vowels as their mean F1 frequencies are slightly higher than that of the 

mid vowels (between 771 and 782 Hz).  Lastly, the vowel [a] is described as a [low] 

vowel as its mean F1 frequency is higher than that of all other vowels (985 Hz). 

 

Furthermore, it can be seen that the backness of the vowel has an inversed 

proportional relation with the F2 frequency – e.g. the lower the F2 frequency is, then 

the more the vowel is located towards the back.  The vowels [ɪ, e, æ] are described as 

[front] vowels since their mean F2 frequencies are the highest (between 2,299 – 2,814 

Hz).  The vowels [ɨ, ʉ, ə, a] are described as [central] vowels since their mean F2 

frequencies are lower than the front vowels and are relatively in the middle range 

(1,490 – 1,826 Hz).  Lastly, the vowels [ɔ, o, ʊ] are described as the back vowels 

since their mean F2 frequencies are the lowest (between 911 – 1,248 Hz). 

  

The last feature that identifies that type of the vowel is the rounding feature.  

Generally, a rounded vowel occurring at any given location has a slightly lower F2 

frequency than the unrounded vowel occurring at the same location.  What was found 

is that there is no rounding variation for the vowels [ɪ, e, æ, ə, a, ɔ, o, ʊ].  Actually, the 

high central vowels [ɨ, ʉ] are the only vowel pair in which the [ɨ] is unrounded (F2 = 

1,631 Hz), whereas the [ʉ] is rounded (F2 = 1,490 Hz). 
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Figure 4.4 Mean Formant Frequencies of the Vowels Spoken by the Females (Hz) 

 

 

Figure 4.4 (above) presents a line chart which indicates the average F1 and F2 

frequencies of the ten vowels in the speech of the female informants.  This chart 

simulates the locations of the mean F1 and the mean F2 frequencies of each vowel as 

they appear in the spectrogram.  The gap between the F1 and the F2 of each vowel in 

the spectrogram serves as the basis for assigning the type of the vowel.   

 

Let us look at the F2 bars of the ten vowels.  The order can be seen going from 

the vowel with the highest F2 down to the vowel with the lowest F2 as: [ɪ, e, æ, a, ə, ɨ, 

ʉ, ɔ, o, ʊ].   

 

Next, look at the gap between the F1 and the F2 of the vowels.  It can be seen 

that the front vowels [ɪ, e, æ] have the biggest distance between their F1 and F2, 

whereas the central vowels [a, ə, ɨ, ʉ] a medium distance and the back vowels [ɔ, o, ʊ] 

the smallest distance.   
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Figure 4.5 Converting the Females’ Vowel Targets from Hz to Bark 

[ɪ] [e] [æ] [a] [ɔ] [o] [ʊ] [ɨ] [ʉ] [ə] 

F1(Hz) 436 573 782 985 771 606 445 484 472 664 

F2(Hz) 2,814 2,620 2,299 1,826 1,248 994 911 1,631 1,490 1,632 

F1(Bark) 4.17 5.36 7.01 8.41 6.93 5.63 4.25 4.60 4.49 6.11 

F2(Bark) 15.22 14.80 13.99 12.51 9.96 8.47 7.92 11.76 11.15 11.76 

 

In Figure 4.5 (above), the mean F1 and F2 frequencies of the vowels that were 

taken from the speech of the females are converted from Hz to Bark, using Zwicker 

and Terhardt’s formula (1980): 13*ATAN(0.00076*Hz)+3.5*ATAN((Hz/7500)*(Hz/750).  

This unit conversion is done because the vowel formant frequencies in Bark can 

represent more accurate perceptual-acoustic locations of the vowels than the 

frequencies in Hertz.  These converted values are then used to plot the vowel diagram 

as follows. 

 

Figure 4.6 Vowel Diagram of the Females (based on the vowel targets in Bark) 
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This vowel diagram indicates that there are altogether 10 vowels [ɪ, e, æ, ɨ, ʉ, 

ə, a, ɔ, o, ʊ] in the speech of the female informants, which vary in their height, 

backness and rounding features.  In terms of their height, there are 5 levels.  [ɪ, ɨ, ʉ, ʊ] 

are high, [e, o] are mid-high, [ə] is mid, [æ, ɔ] are mid-low and [a] is low.  In terms of 

their backness, there are three levels.  [ɪ, e, æ] are front vowels, [ɨ, ʉ, ə, a] are central 

vowels and [ɔ, o, ʊ] are back vowels.  Lastly, in terms of their rounding, there are two 

categories.  The [ʉ, ɔ, o, ʊ] are rounded, whereas the [ɪ, e, æ, ɨ, ə, a] are unrounded. 

 

Vowel targets from the male informants 

 

Figure 4.7: F1 and F2 Frequencies of the Vowels Spoken by Male Informants (Hz) 

 
 

Figure 4.7 (above) presents the averaged vowel targets (F1 and F2 

frequencies) of the ten vowels in the speech sample of the male informants, which are 

the acoustic evidence that reflects the height feature (identified by the F1), the 

backness feature (identified by the F2) and the rounding feature (identified by the F2) 

of the vowels.   
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The heights of the vowels, which have an inversed proportional relation with 

the F1 frequencies of the vowels, can be described as follows.  The [ɪ, ɨ, ʉ, ʊ] are 

described as [high] vowels as their mean F1 frequencies are in the lowest range 

(between 371 and 420 Hz).  The [e, o] are described as [mid-high] vowels as their 

mean F1 frequencies are slightly higher than that of the high vowels (between 441 and 

482 Hz).  The [ə] is described as a [mid] vowel as its mean F1 frequency is in the 

middle range (498 Hz).  The [æ, ɔ] are described as [mid-low] vowels as their mean 

F1 frequencies are slightly higher than that of the mid vowels (between 602 and 626 

Hz).  Lastly, the [a] is described as a [low] vowel as its mean F1 frequency is higher 

than that of all the other vowels (838 Hz). 

 

As for the backness feature (the occurrence of vowels towards the back in the 

oral cavity), it has an inversed proportional relation with the F2 frequency – e.g. the 

lower the F2 frequency is, then the more the vowel is located towards the back.  The 

findings are as follows.  The [ɪ, e, æ] are described as [front] vowels since their mean 

F2 frequencies are the highest (between 2,093 – 2,384 Hz).  The [ɨ, ʉ, ə, a] are 

described as [central] vowels since their mean F2 frequencies are lower than that of 

the front vowels and are relatively in the middle range (1,302 – 1,490 Hz).  Lastly, the 

[ɔ, o, ʊ] are described as the back vowels since their mean F2 frequencies are the 

lowest of all (between 793 – 1,016 Hz). 

 

The last feature that determines the type of the vowel is the rounding feature.  

Generally, a rounded vowel occurring at any given location has a slightly lower F2 

frequency than that of the unrounded vowel occurring at the same location.  What was 

found is that there is no rounding variation for the vowels [ɪ, e, æ, ə, a, ɔ, o, ʊ].  

Actually, the high central vowels [ɨ, ʉ] are the only vowel pair in which the [ɨ] is 

unrounded (F2 = 1,364 Hz), whereas the [ʉ] is rounded (F2 = 1,302 Hz). 
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Figure 4.8: Mean Formant Frequencies of the Vowels Spoken by the Males (Hz) 

 

 

The line chart above was drawn by using the averaged F1 and F2 frequencies 

of the ten vowels spoken by the male informants (from Figure 4.7).  This chart 

simulates the locations of the mean F1 and the mean F2 frequencies of each vowel as 

they appear in the spectrogram.   

 

By looking at the F1 and F2 lines above, the F2 frequency and the gap 

between the F1 and the F2 of each vowel in the spectrogram were used as a model 

basis for assigning the vowel type as described below. 

 

Now, look at the F2 bars of the ten vowels in the above chart.  The order can 

be seen going from the vowel with the highest F2 down to the vowel with the lowest 

F2 as: [ɪ, e, æ, a, ə, ɨ, ʉ, ɔ, o, ʊ].  

 

Next, look at the gap between the F1 and the F2 of the vowels in the chart.  

The front vowels [ɪ, e, æ] have the biggest distance between their F1 and F2, whereas 

the central vowels [a, ə, ɨ, ʉ] rather a medium distance and the back vowels [ɔ, o, ʊ] 

the smallest distance. 
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Figure 4.9 Converting the Males’ Vowel Targets from Hz to Bark 

 

 

[ɪ] [e] [æ] [a] [ɔ] [o] [ʊ] [ɨ] [ʉ] [ə] 

F1(Hz) 371 441 602 838 626 482 410 382 420 498 

F2(Hz) 2,384 2,294 2,093 1,490 1,016 843 793 1,364 1,302 1,380 

F1(Bark) 3.58 4.22 5.60 7.41 5.80 4.58 3.94 3.69 4.03 4.72 

F2(Bark) 14.22 13.98 13.40 11.15 8.61 7.45 7.09 10.56 10.25 10.64 

 

In Figure 4.9 (above), the mean F1 and F2 frequencies of the vowels that were 

taken from the speech of the males are converted from Hz to Bark, using Zwicker and 

Terhardt’s formula (1980).  It is done so that the researcher can use the vowel targets 

in Bark to draw a vowel diagram that accurately represents the vowel space of the 

males. 
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Figure 4.10 Vowel Diagram of the Males (based on the vowel targets in Bark) 

 

 

Figure 4.10 (above) represents the males’ vowel diagram, which was drawn 

using the mean vowel formant frequencies in Bark from Figure 4.9.  The diagram 

identifies the height, the backness and the rounding features of these ten vowels.  In 

this vowel diagram, the three front vowels [ɪ, e, æ] are all unrounded vowels without 

any rounded counterparts.  The [ɪ] is high, whereas the [e] is mid-high and the [æ] is 

mid-low.  As for the four central vowels, the [ə, a] are unrounded vowels without any 

rounded counterparts, whereas the [ɨ] is an unrounded vowel with the [ʉ] as its 

rounded counterpart.  The vowels [ɨ, ʉ] are high, whereas the [ə] is middle and the [a] 

is low.  Lastly, the three back vowels [ʊ, o, ɔ] are all rounded vowels without any 

unrounded counterparts.  The [ʊ] is high, whereas the [o] is mid-high and the [ɔ] is 

mid-low. 
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Vowel targets from the male and female informants 

 

The acoustic findings point out that there are ten vowels [ɪ, e, æ, ɨ, ʉ, ə, a, ɔ, o, 

ʊ] spoken by in the males, which vary in their height, backness and rounding features.  

The detail of these vowels in terms of their phonetic features is the same as that of the 

vowels in the speech of the females. 

 

Figure 4.11 Comparing the Vowel Diagram of the Males with That of the Females 

 

 

The above figure shows a comparison between the vowel diagram of the 

female informants and that of the male informants.  Ten different vowels were found 

in the speech data from both genders.  The ten vowels in the speech of the females 

correspond to the ten vowels in the speech of the males in height, backness and 

rounding features. 

 

The comparison, however, shows that the absolute vowel targets of the 

females and that of the males are different.  First of all, the mean F1 frequencies of 

the vowels in the speech of the females range from 436 to 985 Hz, whereas the mean 
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F1 frequencies of the vowels in the speech of the males range from 371 to 838 Hz.  

Secondly, the mean F2 frequencies of the vowels in the speech of the females range 

from 911 to 2,814 Hz, whereas the mean F2 frequencies of the vowels in the speech 

of the males range from 793 to 2,384 Hz.  This is a gender-influenced difference and 

can be explained by the fact that women normally have smaller organs of speech than 

men.  In other words, this physiological difference between females and males causes 

the overall F1 and F2 frequencies in the women’s speech to be higher than that in the 

men’s speech.   

 

What is common between the females’ and the males’ data is that all of them 

have ten phonetic vowels: [ɪ, e, æ, ɨ, ʉ, ə, a, ɔ, o, ʊ].  According to Ladefoged and 

Johnson, whatsoever shared phonetic characteristics of various speakers from the 

same language community can be taken as representing the phonetic characteristics of 

that community (212).  Therefore, it can be concluded that the Sgaw Karen 

community at Baan Paa Kluay Village have ten phonetic vowels: [ɪ, e, æ, ɨ, ʉ, ə, a, ɔ, 

o, ʊ].   
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Vocalic Transitions 

 

Vocalic transitions refer to non-syllabic versions of some close vowels.  They 

can be identified by having low intensity and unstable formant frequencies as opposed 

to syllabic vowels, which peak in intensity and have steady formant frequencies.  

Three types of vocalic transitions [ɪ,̯ ʉ,̯ ʊ ̯] were found in the speech of all informants, 

with their formant targets corresponding to the high vowels [ɪ, ʉ, ʊ]. 

 

Figure 4.12: The vocalic [ɪ]̯ in [ɪa̯], the vocalic [ʉ ̯] in [ʉ̯æ] and the vocalic [ʊ̯] in [ʊ̯a] 

 

 

Figure 4.12 presents example spectrograms from Female-1 (Top) and Male-2 

(Bottom).  The spectrograms from left to right are [ɪa̯˧] (main data word 1.2, meaning 

‘I’), [ʉæ̯˧ ] from [ăʔ˩.ʉ ̯æ˧ ] (main data word 3, meaning ‘he’) and [ʊ̯a] (main data word 

41, meaning ‘husband’).  The arrow above each spectrogram points at the moment 

when the formants in the vocalic transition occur while moving towards the steady 

target in the following syllabic vowel.  The yellow intensity contours in all the 

spectrograms indicate that the vocalic segments are obviously lower in intensity than 
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the syllabic vowels that follow.  Thus, the vocalic segments are treated as non-

syllabic.   

 

The vowels [ɪ,̯ ʉ̯, ʊ̯] differ in terms of their acoustic locations.  The [ɪ]̯ 

corresponds to the location of the front vowel [ɪ], whereas the [ʉ ̯] the central vowel 

[ʉ], and the [ʊ̯] the back vowel [ʊ]. 
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Laryngeal Articulations 

 

Laryngeal articulations refer to non-modal phonation articulations, e.g. the 

voiceless, the breathy, the creaky and the closed laryngeal articulations, which can be 

found in some vowels.  The laryngeal articulations found in the main data include the 

glottal stop as in [ʔa] or [aʔ], the creaky-voiced laryngeal sound as a soft version of the 

glottal stop as in [a̰͡a] or [a͡a]̰, the breathy-voiced laryngeal sound as in [a̤͡a] or [a͡a]̤ 

and the voiceless laryngeal sound as in [ḁa͡] or [a͡ḁ]. 

 

Figure 4.13 Laryngeal articulations at the beginning and the end of the vowel [ḁ͡aʔ˥] 

 

 

Figure 4.13 (above) shows the laryngeal articulations at the beginning and the 

end of the vowel [a] as in [ḁa͡ʔ˥] (main data word 121, meaning ‘walk’).  The 

spectrogram on the left (from Female-1) and the one on the right (from Male-3) are 

similar as described by the ‘activity bars’ under the spectrograms.  First, the S-activity 

bars, which represent supralaryngeal activities, are all up throughout the word, 

showing that there was not any obstruction in the vocal tract above the larynx in the 

production of this word.  Second, the L-activity bars, which represent laryngeal 
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activities, are down on the [ḁ] due to no vocal fold vibration, up on the [a] due to the 

presence of vocal fold vibration and down on the [ʔ] due to no vocal fold vibration.  

The presence of vocal fold vibration is marked by the F0 pitch contour (blue).  Third, 

the A-activity bars, which represent airstream, are up on the [ḁ] and the [a], as air was 

supplied from the lungs to produce these sounds, and down on the [ʔ], as lung air 

ceased to flow in the glottal stop.  The cease of air supply is marked by the intensity 

contour (yellow) and the F0 pitch contour (blue) that drop to zero. 
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4.2.2.2 Consonantal Segments  

  

The analysis of the main data from all six informants found 21 phonetic 

consonants [b, p, pʰ, d,̪ t,̪ t ̪h , c, cʰ, k, kʰ, v, z, s, ɣ, x, m, n̪, ŋ, ɲ �, l, r].  Each consonant 

represents a certain set of phonetic features, which can be identified by some 

spectrographic characteristics.  The 21 consonants are put into eight groups by their 

Manner features.  This follows Ladefoged and Johnson’s structure in their 

presentation of consonants (172-81).   

 

Figure 4.13 presents the identifying characteristics for the consonants in these 

eight consonant categories: i.e. Voiced Stop [b, d�], Unaspirated Voiceless Stop [p, t�, c, 

k], Aspirated Voiceless Stop [pʰ, t ̪h , cʰ, kʰ], Voiced Fricative [v, z, ɣ], Voiceless 

Fricative [s, x], Nasal [m, n̪, ɲ, ŋ], Lateral Approximant [l] and Trill [r]. 

 

Figure 4.13 Spectrographic Characteristics of Each Consonant Category 

Consonant Categories Spectrographic Characteristics 

1) Voiced Stop [b, d]̪ 
A prevocalic period with pitch (F0) that does not have a 

formant structure 

2) Unaspirated Voiceless Stop  

[p, t,̪ c, k] 

A thin vertical line of noise just before the formants of the 

following vowel 

3) Aspirated Voiceless Stop 

[pʰ, t ̪h , cʰ, kʰ] 

A thin vertical line followed by a period filled with noise 

energy 

4) Voiced Fricative [v, z, ɣ] A prevocalic period that has both noise energy and pitch (F0) 

5) Voiceless Fricative [s, x] A prevocalic period filled with noise energy 

6) Nasal [m, n,̪ ɲ, ŋ] Weakened formant structure 

7) Lateral Approximant [l] 
Weakened formant structure 

(usually more observable than the formants of nasals) 

8) Trill [r] One or a few extra-short peaks of energy in a row 
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Voiced stops [b, d ̪] 

A voiced stop generally appears in the spectrogram as a prevocalic period that 

has pitch (F0) but no formant structure.  Two voiced stops [b, d�] were found in the 

spectrogram of the speech data, differing from each other in terms of their places of 

articulation, which can be identified by the F2 transitions in the syllable onsets. 

 

Figure 4.14: Transitions in the syllable onsets of [ba, d�a]   

 

  

Figure 4.14 (above) presents example spectrograms from Female-1 (Top) and 

Male-2 (Bottom).  All of the spectrograms have a voiced stop followed by the same 

vowel [a] as a controlled variable.  The arrow above each spectrogram points at the 

period in which the voiced stop occurs.  It is marked by having a blue F0 pitch 

contour and a lack of formant structure, due to the fact that there was vocal fold 

vibration during the closure period in the stop.  The top column is an example from 
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Female-1 reading [tə̆˦ ˥.me˩.ba˩] (main data word 16, meaning ‘not’) and [da̪˧] 

(supplemental data word 155, meaning ‘last (child)’).  The bottom one is an example 

from Male-2 reading the same words.  In both columns, the [b] bilabial stops have 

lower F2 locus frequencies when the [d]̪ dental stops have higher F2 locus 

frequencies. 
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Unaspirated voiceless stops [p, t̪, c, k]  

An unaspirated voiceless stop generally appears in the spectrogram as a thin 

vertical line of noise energy before a vowel, indicating the burst of the stop.  Four 

unaspirated voiceless stops [p, t�, c, k] are found in the spectrogram of the speech, 

differing from one another in terms of their place of articulation, which can be 

identified by the F2 transition pattern from the burst to the F2 target of the following 

vowel. 

 

Figure 4.15: Transitions in the syllable onsets of [pa, ta̪, ca, ka]   

 

 

Figure 4.15 (above) presents example spectrograms from Female-1 (Top) and 

Male-2 (Bottom).  All of the spectrograms have a stop followed by the same vowel [a] 

as a controlled variable. The arrow above each spectrogram points to a thin vertical 

line of noise energy before the formants of the following vowel which marks the 

existence of the stop.  In the first column, there are spectrograms of [pa˩] (main data 

word 43, meaning ‘father’). They show that the bilabial [p] has the lowest F2 locus 
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frequency in comparison with the stops at other places of articulation.  In the second 

column, there are spectrograms of [ta̪˩.so˧] (main data word 66, meaning ‘animal 

fat’). They show that the dental [t]̪ has a higher F2 locus frequency than the bilabial 

[p].  In the third column, the spectrograms of [ca˩] (main data word 185, meaning 

‘flexible’) show that the palatal [c] has a higher F2 locus frequency than the bilabial 

[p] and the dental [t]̪.  In the last column, there are spectrograms of [ka˩.xə˧] (main 

data word 21, meaning ‘others’).  They show that the velar [k] has a higher F2 locus 

frequency than the bilabial [p], the dental [t]̪ and the palatal [c].  The spectrograms 

above, therefore, have verified the place feature variation of the four unaspirated 

voiceless stops. 
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Aspirated voiceless stops [pʰ, t ̪h , cʰ, kʰ] 

Aspirated voiceless stops in the syllable-initial position can be seen in the 

spectrogram as a very thin vertical line followed by noise energy.  There are four 

aspirated voiceless stops [pʰ, t ̪h , cʰ, kʰ] found in the speech data.  These stops differ 

from one another in terms of their place of articulation, which can be identified by the 

F2 transitioning pattern before the vowel. 

 

Figure 4.16: Transitions in the syllable onsets of [pʰa, t ̪h a, cʰa, kʰa] 

 

 

Figure 4.16 (above) presents example spectrograms from Female-1 (Top) and 

Male-2 (Bottom).  All of the spectrograms have a stop followed by the same vowel[a] 

as a controlled variable. The arrow above each spectrogram points to a period 

following the burst which is filled with noise energy, marking the aspiration in the 

stop.  In the first column, there are spectrograms of [kŏ˦˥.pʰă˦˥] (main data word 115, 

meaning ‘split’).  They show that the bilabial [pʰ] has the lowest F2 locus frequency 
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in comparison with the stops at the other places of articulation.  In the second column, 

there are spectrograms of [t̪ʰă˦ ˥.kʰo˩.bĕ˩ ] (main data word 76, meaning ‘mouth’).  

They show that the dental [t ̪h ] has a higher F2 locus frequency than the bilabial [p].  

In the third column, there are spectrograms of [cʰă˦ ˥] (main data word 138, meaning 

‘sew’).  They show that the palatal [cʰ] has a higher F2 locus frequency than the 

bilabial [ph ] and the dental [t ̪h ].  In the last column, there are spectrograms of [kʰa˩ ] 

(supplemental data word 273, meaning ‘bitter’).  They show that the velar [kʰ] has a 

higher F2 locus frequency than the bilabial [pʰ], the dental [t ̪h ] and the palatal [ch].  

The spectrograms above, therefore, have verified the place feature variation of the 

four aspirated voiceless stops. 

 

Different VOT values between the three stop categories  

The VOT measurement is a quantitative acoustic phonetic method that can be 

used to confirm the presence of the three categories of plosives (i.e. the unaspirated 

voiceless plosives or P[-aspirate, -voice], the aspirated voiceless plosives or 

P[+aspirate, -voice] and the voiced plosives or P[+voice]) which are found at four 

places of articulation:  [bilabial], [dental], [palatal] and [velar]. 

 
Figure 4.17: VOT Comparison of All the Stops 

Symbol Place Glottal features 
Averaged VOT (ms) 

F-I F-II F-III  M-I  M-II  M-III  Mean 

[p] [bilabial] [-aspirate, -voice] 10 12 15 18 15 14 14 
[pʰ]   [+aspirate, -voice] 74 65 90 65 59 92 74 
[b]   [+voice] -86 -80 -70 -59 -59 -69 -71 
[t]̪ [dental] [-aspirate, -voice] 11 15 16 19 15 14 15 
[t ̪h ]   [+aspirate, -voice] 66 70 75 73 55 86 71 
[d]̪   [+voice] -53 -40 -60 -54 -29 -58 -49 
[c] [palatal] [-aspirate, -voice] 37 25 30 40 30 43 34 
[cʰ]   [+aspirate, -voice] 119 80 130 84 69 143 104 
[k] [velar] [-aspirate, -voice] 33 29 30 33 29 24 30 
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[kʰ]   [+aspirate, -voice] 68 86 80 70 68 98 78 
 

 

The VOT value of a voiceless stop refers to the duration from the release of 

the stop to the beginning of the following vowel and an aspirated voiceless stop 

generally has a significantly higher VOT value than an unaspirated voiceless stop.  

Unlike the voiceless stops, the VOT value of a voiced stop refers to the duration from 

the point in time where the vocal fold starts to vibrate during the closure of the stop to 

the point in time where the stop is released, where the following vowel begins.  The 

VOT value of a voiced stop is marked by a minus symbol (-) in front of it. 

 

Figure 4.17 (above) presents the mean VOT values of the stops which occur at 

the bilabial, the dental, the palatal and the velar areas.  The VOT value of each sound 

is averaged from 50 tokens (from 5 words alone x 5 repetitions + 5 words in sentences 

x 5 repetitions).  These tokens were all word-initial and followed by the same vowel 

[a] in order to control the segmental environment.  The VOT values for the three 

bilabial stops: unaspirated voiceless stop [p], aspirated voiceless stop [pʰ] and voiced 

stop [b] are 14, 74 and -71 milliseconds.  The VOT values for the three dental stops: 

unaspirated voiceless stop [t̪], aspirated voiceless stop [t ̪h ] and voiced stop [d̪] are 15, 

71 and -49 milliseconds.  The VOT values for the two palatal stops: unaspirated 

voiceless stop [c] and aspirated voiceless stop [cʰ] are 34 and 104 milliseconds.  

Lastly, the VOT values for the two velar stops: unaspirated voiceless stop [k] and 

aspirated voiceless stop [kʰ] are 30 and 78 milliseconds.  These obvious different 

VOT values of the plosives within the [bilabial], the [dental], the [palatal] and the 

[velar] places of articulation have verified the phonetic variation in phonation and 

aspiration among the plosives in this Sgaw Karen dialect. 
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Voiced fricatives [v, z, ɣ] 

 

A voiceless fricative generally appears in the spectrogram as a duration that 

has both noise energy and pitch (F0) but has no formant structure.  Three voiced 

fricatives [v, z, ɣ] are found in the spectrogram of the speech data, differing from one 

another in terms of their places of articulation, which can be identified by the F2 

transitions in the syllable onsets. 

 
Figure 4.18: Transitions in the syllable onsets of [va, za, ɣa]  

 

 

Figure 4.18 (above) presents example spectrograms from Female-1 (Top) and 

Male-3 (Bottom).  All of the spectrograms have a voiced fricative followed by the 

same vowel [a] as a controlled variable.  The arrow above each spectrogram points at 

the voiced fricative – the period which has both noise energy and a blue F0 pitch 

contour.  The spectrograms of [va˧] (main data word 4, meaning ‘husband’) show that 
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the labiodentals [v] has a lower F2 locus frequency than the alveolar [z] in the 

spectrograms of [za˧] (main data word 1.1, meaning ‘I’).  In the spectrograms of 

[ta˧ .ɣa˧ .lɔ˩] (main data word 11, meaning ‘who’), the velar [ɣ] has a characteristic of 

a fricative combined with an approximant (a glide), as it looks similar in the 

spectrogram to the other two voiced fricatives [v, z], that is, having some noise energy 

in its duration, but it also looks like a vowel as it has quite an obvious formant 

structure.  All the spectrograms above, therefore, have verified the place feature 

variation among these three voiced fricatives. 
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Voiceless fricatives [s, x] 

 

A voiceless fricative generally appears in the spectrogram as a prevocalic 

period filled with noise energy.  Two voiceless fricatives [s, x] are found in the 

spectrogram of the speech data, differing from each other in terms of their places of 

articulation, which can be identified by the F2 characteristic transitions in the syllable 

onsets. 

 

Figure 4.19: Transitions in the syllable onsets of [sa, xa] 

 

 

Figure 4.19 (above) presents example spectrograms from Female-1 (Top) and 

Male-3 (Bottom).  All of the spectrograms have a voiceless fricative followed by the 

same vowel [a] as a controlled variable.  The arrow above each spectrogram points at 

the period of the voiceless fricative which is filled with noise energy.  The 

spectrograms of [pho˧.sa˩ ] (main data word 39, meaning ‘child’) show that the 

alveolar [s] has a slightly low F2 locus frequency, similar to that of the [z].  The 
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above spectrograms of [cʰɔ̆˦ ˥.xă˦ ˥] (main data word 129, meaning ‘hold in a hand’) 

show that the velar [x] has noise energy being like fricatives and quite an observable 

formant structure being like approximants, which is similar to the case of the [ɣ].  The 

spectrograms above, therefore, have verified the place feature variation among these 

two voiceless fricatives. 
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Nasals [m, n̪, ɲ, ŋ] 

 

A nasal generally appears in the spectrogram as a weakened formant structure, 

representing the voice energy that has been greatly absorbed along the oral-nasal tract, 

which is much longer than the oral tract alone.  Four nasals [m, n̪, ɲ, ŋ] were found in 

the spectrogram of the speech data, differing from one another in terms of their places 

of articulation, which can be distinguished by their F2 transitions in the onset of the 

following vowel. 

 

Figure 4.20: Transitions in the syllable onsets of [ma, n̪a, ɲa, ŋa] 

 

 

Figure 4.20 (above) presents example spectrograms from Female-1 (Top) and 

Male-2 (Bottom).  All of the spectrograms have a nasal followed by the same vowel 

[a] as a controlled variable.  The arrow above each spectrogram points at the nasal – 

the period with a weakened formant structure.  From the comparison, the F2 locus 
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frequencies of the bilabial [m] from [ma˧] (main data word 40, meaning ‘wife’) in 

both rows are the lowest in position.  The dental [n̪] from [n̪a˧ ] (main data word 2, 

meaning ‘you’) has a higher F2 locus frequency.  The palatal [ɲ] from [ ɲa˩ .ph o˧] 

(main data word 45, meaning ‘fish’) and the velar nasals [ŋ] from [ŋa˧ ] (supplemental 

data word ii, meaning ‘hire’) have the highest F2 locus frequencies.  The 

spectrograms above, therefore, verify the place feature variation among the four 

nasals. 
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Lateral approximant [l] 

 

A lateral approximant generally appears in the spectrogram as a weak formant 

structure, representing the voice energy that has been greatly absorbed by the 

obstruction in the center of the oral tract.  The only lateral approximant found in the 

spectrogram of the speech data is [l].   

 

Figure 4.21: Transitions in the syllable onsets of [la]  

 

 

Figure 4.21 (above) presents example spectrograms from Female-1 (Left) and 

Male-1 (Right).  Both spectrograms represent [la˨] (word 148, meaning ‘moon’).  The 

arrow above each spectrogram points at the lateral [l] – the period in which the 

formants look weakened but still visible.  The spectrograms above, therefore, verify 

the existence of the lateral approximant [l]. 
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Trill [r] 

 

A trill generally appears from as many as one up to a few extra-short peaks of 

energy in a row, each of which is followed by an energy valley, representing the voice 

sound being interrupted by the tip of the tongue fluttering against the alveolar ridge.  

The only trill found in the spectrogram of the speech data is [r].  

  

 Figure 4.22: Transitions in the syllable onsets of [ra] 

 

 

Figure 4.22 (above) presents example spectrograms from Female-1 (Top) and 

Male-1 (Bottom).  Both spectrograms represent [raʔ
˥] (main data word 18, meaning 

‘many’).  In the female spectrogram, the [r] looks like a small peak of energy that 

lasts only for 22 ms, followed by an energy valley. In the male spectrogram, the [r] 

occurs as a series of small peaks, each of which is followed by an energy valley.  The 

yellow intensity contour helps us to see the peak and the valley of energy clearly.   

The [r] sounds in the main data differ in number of their trill peaks. This is a common 
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allophonic variation of the trill as mentioned in Ladefoged & Johnson (175).  The 

spectrograms above, therefore, verify the existence of the trill [r]. 

 
4.2.3 Supra-segmentals 

 

Syllables in the main data phonetically differ in tone (as indicated by the 

characteristics of the F0 pitch contours) and length (as indicated by the durations of 

vowel formants).  This section will discuss how the tones and the vowel lengths are 

narrowly transcribed in IPA notation.  

 

4.2.3.1 Tones 

 

The tones in the main data can be broadly grouped into four groups as follows:   

1) High-level, mid-rising or high-rising: [(ʔ)˦, (ʔ)˧˦, (ʔ)˦˥] 

2) Mid-level or mid-level with a falling tail: [˧, ˧˧ ˨, ˧˧ ˩] 

3) Low-level, low-falling or mid-falling: [(ʔ)˨, (ʔ)˩, (ʔ)˨˩, (ʔ)˧˩] 

4) Low-falling-rising or low-rising: [˨˩ ˨, ˨˩ ˧, ˩˨, ˩˧] 

    

Figure 4.23: First tone group - Spectrogram of [dăʔ˦] 

 

 

The above figure exemplifies the first tone group.  It presents the spectrogram 

of [dăʔ˦] from [dăʔ˦.bɔ˧˧ ˨] (supplemental data word 159, written <davbau>, meaning 

‘centipede’) spoken by Female-I.  The tone is high-level at about 233 Hz.  The vowel 
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[ă] is extra-short, about 110 ms, followed by a glottal stop.  At the end of the peak, 

the F0 contour suddenly drops to zero, showing there is a glottal stop at the end of the 

syllable [ʔ].  A postvocalic glottal stop like this (or in some cases a creaky voice as a 

less constricted version of the glottal stop), however, is found to be phonetically 

optional for this tone group.  The nature of the glottal stop usually shortens the length 

of the preceding vowel. 

 

Figure 4.24: Second tone group - Spectrogram of [da˧ ] 

 

 

The above figure exemplifies the second tone group.  It presents the 

spectrogram of [da˧] (supplemental data word 155, written <da>, meaning 

‘last(child)’) spoken by Female-I.  It is a mid-flat tone at about 215 Hz.  Unlike in the 

previous figure, the vowel in this figure is not as short and there is no glottal stop at 

the end of the syllable. 

 

Figure 4.25: Third tone group - Spectrogram of [ta˧ ˩] 
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The above figure exemplifies the third tone group.  It presents the spectrogram 

of [ta˧ ˩] from [ta˧ ˩.so˧] (supplemental data word 95, written <tajso>, meaning ‘animal 

fat’) spoken by Female-I.  The tone of this syllable is a mid-falling tone.  The 

frequency at the beginning of the F0 contour is 214 Hz (mid) and the frequency at the 

end of the contour is 185 Hz (extra low to low for women). 

 

The glottal stop or the creaky voice (a less constricted version of the glottal 

stop) may occur at the end of the syllable as an optional part of this tone group.  The 

nature of the glottal stop usually shortens the length of the preceding vowel. 

 

Figure 4.26: Fourth tone group - Spectrogram of [ba˩˨] 

 

 

The above figure exemplifies the fourth tone group.  It presents the 

spectrogram of [ba˩˨] from [tə̆ʔ˥.me˧˩.ba˩˨] (main data word 16, written <t’meibaj>, 

meaning ‘not correct’) spoken by Male-1.  The tone is a rising tone from the extra-low 

pitch level.  The frequencies of the F0 contour are 90 Hz (extra-low) at the beginning 

and 112 Hz (low) at the end.   

 

Unlike the first three tone group, this fourth tone group is only used optionally 

in limited context and not every speaker of this dialect uses it.  It is optionally used 

instead of the regular low tone of some certain particles in this dialect.  These include 

a few particles of some question-words such as [lɔ˩, læ˩] and a negative particle [ba˩].  

For example, /ta˧.ɣa˧.lɔ˩/ (written <tagalauj>; meaning ‘who’) can be pronounced 

[ta˧.ɣa˧.lɔ˩˥]; /mə˩.ta˧.lɔ˩/ (written <mejtalauj>; meaning ‘what’) can be [mə˩.ta˧.lɔ˩˥]; 
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/pʰæ˧.læ˩/ (written <hpailaij>; meaning ‘where’) can be [pʰæ˧.læ˩˥]; /kʰæ˧.læ˩/ (written 

<hkailaij>; meaning ‘when’) can be [kʰæ˧.læ˩˥]; /dɪ˧.lɔ˩/ (written <dilauj>; meaning 

‘how’) can be [dɪ˧.lɔ˩˥]; and /təʔ˥.me˩ .ba˩ / (written <t’meibaj>; meaning ‘not correct’) 

can be [təʔ˥.me˩ .ba˩ ˥].   

 

Pitch level Criteria 

 

In order to narrowly transcribe tone data in the speech sample, the researcher 

set up the criteria for determining the levels of the pitch: extra-high [˥] high [˦ ] mid 

[˧] low [˨] extra-low [˩ ]. 

 

After having surveyed all of the informants’ data, the researcher noticed that 

the spoken pitch ranges among the males are similar (approx. 80-180 Hz: ±10) and 

that among the females are quite similar as well (approx. 170-270 Hz: ±10).  The 

balance between the maximum and the minimum frequencies of a pitch level is about 

20 Hz.  Therefore, the research decided to set up one pitch criterion for using with all 

of the males’ data and another for using with all of the females’.  The figure below 

presents these criteria. 

 

Figure 4.27: Five Ranges of Pitch (Hz) Set Up for the Female and Male Informants 

 
Ranges of pitch levels (Hz) 

 
extra-high [˥] high [˦] mid [˧] low [˨] extra-low [˩] 

Females 270-251 250-231 230-211 210-191 190-170 

Males 180-161 160-141 140-121 120-101 100-80 

 

After the researcher set up these criteria, he adjusted the pitch sittings on the 

Praat software as follows.  He set the pitch range to 170-270 Hz for transcribing the 

tone data of the females and set the pitch range to 80-180 for transcribing the tone 
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data of the males.  These pitch settings make the narrow tone transcription much more 

convenient as the pitch range of each informant comfortably fits the height of the 

spectrogram screen. 

 
4.2.3.2 Vowel lengths 

 

After having surveyed the speech data of Baan Paa Kluay, the researcher 

found that this dialect has phonetic variation in the length of vowels.  Therefore, he 

set up some criteria to help him with labeling the vowel lengths.  The researcher also 

ensured that these criteria are contextualized to each speaker’s different style of 

speaking. 

 

Words containing the vowel [a] were sampled from all informants and then the 

lengths of all the vowels within this sample were measured and averaged.  The 

averaged length of the [a]s is noted down.  Then, the averaged length of the [a]s times 

by 0.5 is used as the maximum of the extra-short-length range.  The maximum of the 

normal-length range is from the averaged length of [a].  The maximum of the half-

long-length range is from the averaged length of [a] times by 1.5 and lengths higher 

than this are notated as long.  A contextualized length criterion such as this was 

separately set up for transcribing the speech of each informant.  Figure 4.28 (below) 

presents all the length criteria set up for all the informants as per the details explained 

above.  
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Figure 4.28: The Ranges of the Vowel lengths Found in the Main Data 

 

 

According to Figure 4.28 (above), Male-1 takes longer than all other 

informants to pronounce his vowels.  Female-1 has longer vowels than Female-3, who 

has longer vowels than Male-3.  Male-3 has longer vowels than both Female-2 and 

Male-2, who take the shortest time to pronounce their vowels.  It has no data whether 

different vowel lengths affect the acoustic locations of the vowels or not. 

 

After transcribing length in the main data using the above length criteria, it is 

found that most durations fall in the [a] range, many fall in the [ă] range and some fall 

in the [aˑ] and [aː] ranges.  Most [ă]s are followed by a glottal stop or a creaky 

articulation.  Some [ă]s merely transition to a following syllable in the word without a 

glottal stop.  [a], [aˑ] and [aː], in most cases, are found in the word-final position and 

without a glottal stop. 

 

Additional observation related to the vowel length 

 

From this analysis of the speech record, the researcher found that it is quite 

commonplace to see formants of resonance in the spectrogram attached at end of the 

vowel formants, making the vowel seem to be longer than it actually is.  These 

resonance formants were detected by the sound recorder when recording speech 
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because the speaker’s oral cavity is not closed immediately after the vocal fold 

vibration has stopped with a glottal articulation or the cease of air supply.  This allows 

the resonance of the preceding vowel sound to remain a little while such as for a 

hundred milliseconds.  This can be found in every informant. 

  

Figure 4.29: Waveform and spectrogram of [pa˧˩]  

 

 

The above figure shows the waveform and spectrogram of [pa˧˩] (main data 

word 43, written <paj>, meaning “father”) spoken by Male-2.  The highlighted area, 

343 ms long, is the length of the vowel.  The preceding part is the initial consonant 

and the succeeding part is the resonance.  In measuring vowel length, language 

documenters have to be careful not to count the length of the resonance. 

 



CHAPTER 5 

DISCUSSION AND CONCLUSION 

 

This chapter provides a brief discussion of the findings of this present study in 

comparison with Ratanakul et al.’s phonological description of the Sgaw Karen 

dialect of Baan Huay Bong Village, Mae Jam District, Chiang Mai, Thailand and then 

some recommendations for future research. 

 

5.1 Discussion of the Findings 

 

 Phonetics (the study of actual sounds) and phonology (the study of 

cognitively regarded sounds) are two interrelated fields as both are interested in the 

speech community’s “shared phonetic knowledge” (Ladefoged & Johnson 272).  

Therefore, it would be deemed reasonable to discuss some findings from this phonetic 

research in comparison with the phonological description by Ratanakul et al. since 

both are relevant studies of the sounds of the Sgaw Karen dialects spoken in Chiang 

Mai.  To make this comparison possible, I will assume that the symbol in square 

brackets e.g. [A] always represents an allophonic member of the same symbol in 

slashes e.g. /A/. 

 

5.1.1 Vocalic Segments 

 

Figure 5.1 Baan Paa Kluay vowel phones versus Baan Huay Bong vowel phonemes 

 



89 
 

 

The ten vocalic segments found in the Baan Paa Kluay (BPK) dialect [ɪ, ɨ, ʉ, 

ʊ, e, ə, o, æ, a, ɔ], both vowels and vocalic transitions, can be broadly grouped into 

nine groups as in Figure 5.1 (Top table).  These nine groups of vowels correspond 

with the nine vowel phonemes in the Baan Huay Bong (BHB) dialect /i, ɨ, u, e, ə, o, 

ɛ, a, ɔ/ as in Figure 5.1 (Bottom table). 

 

Here is the comparison of the high vowels between these two dialects.  Firstly, 

both dialects have an unrounded, high, front vowel.  The usage of different symbols [ɪ] 

or [i] has no phonemic significance here as there is no distinction between [ɪ] and [i] 

in either dialect.  Secondly, both dialects have an unrounded, high, central vowel [ɨ].  

Thirdly, both dialects have a rounded, high, back vowel.  The usage of different 

symbols [ʊ] or [u] has no phonemic significance here as there is no distinction 

between [ʊ] and [u] in either dialect.  However, in the BPK dialect, there is also [ʉ], 

another high rounded vowel that is included in the same group as [ʊ] as they are 

likely to be allophones of each other. 

 

It is possible that the [ʉ] and the [ʊ] are allophones of the same phoneme due 

to the fact that [ʉ] can only be found in the [_ɪ] slot, such as in [lʉɪ˩] ‘four’ (Main 

data word 25), [cʰʉɪ˩] ‘dog’ (Main data word 47).  Thus, it can be explained that [ʊ] 

becomes [ʉ] as it assimilates to the following front vowel [ɪ].  In other words, the 

articulation for the back vowel [ʊ] is influenced by anticipating the articulation for 

the following front vowel [ɪ], so the tongue is moved more forward than usual and 

so produces the central rounded vowel [ʉ] instead of the back rounded vowel [ʊ]. 
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Next, the Mid-high and the Mid vowels in the BPK will be compared with the 

Mid vowels in the BHB.  Actually, both BPK and BHB have an unrounded, front 

vowel [e], an unrounded, central vowel [ə] and a rounded, back vowel [o].  Since 

there is no clear distinction between the Mid-high (also called ‘Close-mid’) and the 

Mid levels in the BPK, e.g. no clear distinction between [ə] and [ɘ], it would be 

acceptable then to treat these two levels as being the same group. 

 

In comparing the Mid-low and the low vowels in the BPK with the low vowels 

in BHB, there is an unrounded, front vowel at the bottom of the vowel space in both 

dialects.  The usage of different symbols [æ] or [ɛ] has no phonemic significance here 

as there is no distinction between [æ] and [ɛ] in either dialect.  Both dialects are also 

similar in that they have an unrounded, central vowel [a] and a rounded, back vowel 

[ɔ] at the bottom of their vowel space.  Since there is no clear distinction between the 

Mid-low level (also called ‘Open-mid’) and the low level (also called ‘Open’), e.g. no 

clear distinction between [a], [ɐ] (near-open mid vowel) and [ɜ] or between [ɔ] and 

[ɒ], it is, therefore, acceptable then to treat these two levels as being the same group. 

 

Among the BPK vowels, the [ɪ, ʉ, ʊ] are also found occurring as vocalic 

transitions in the [_v] slot (when ‘v’ stands for a syllabic vowel).  While it is of no 

interest in the field of phonetics to make a definite judgment in whether these vocalic 

transitions should be vowels or consonants, the phonology by Ratanakul et al. treated 

all the vocalic transitions that they found in the BHB as being consonants, e.g. the /j/ 

and the /w/, as shown in Figure 5.2 (Bottom table).  Next, the field of phonetics does 

not make any definite judgments in whether laryngeal articulations, e.g. the glottal 

stop and the laryngeal fricative sound, should be considered as vowels or consonants.  

On the contrary however, Ratanakul et al.’s phonology classified the [ʔ] and the [h] 
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sounds that they found in the BHB as being consonants, as shown in Figure 5.2 

(Bottom table). 

 

 

5.1.2 Consonantal Segments 

 

Figure 5.2  BPK consonant phones versus BHB consonant phonemes 

 

 

The twenty one consonants found in the BPK [p, pʰ, b, v, m, t,̪ t ̪h , d̪, s, z, n̪, 

l, r, c, cʰ, ɲ, k, kʰ, x, ɣ, ŋ] can be put into twenty one groups of consonants as in 

Figure 5.2 (Top table).  These twenty one groups of consonants are largely similar to 
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the twenty four consonant phonemes of the BHB /p, pʰ, b, w, m, t, tʰ, d, s, z, n, l, 

r, c, ʃ, j, ɲ, k, kʰ, x, ɣ, ŋ, ʔ, h/ as in Figure 5.2 (Bottom table). 

 

First of all, let us consider the Bilabial and Labiodental consonants of the BPK 

in comparison with the Bilabial consonants of the BHB.  Both dialects have an 

unaspirated voiceless stop [p], an aspirated voiceless stop [pʰ], a voiced stop [b] and 

a nasal [m] at the Bilabial.  However, the BPK also has a voiced Labiodental fricative 

[v] included in the same group as the Bilabial consonants.  Since there is no clear 

distinction between the Bilabial and the Labiodental consonants in the BPK, e.g. as 

between [v] and [β] (bilabial voiced fricative) or between [m] and [ɱ] (labiodental 

nasal), it is, therefore, acceptable then to treat the consonants occurring at these two 

places of articulation as the same group.  Ratanakul et al. noted that the phoneme /w/ 

in the BHB has two allophonic variations including [w] and [v] (XXXV).  Hence, 

both dialects have the [v] alike.  The [w] in the BHB is also found in the BPK, which 

is closely represented by [ʉ̯] and [ʊ̯].  These [ʉ̯] and [ʊ̯] are classified as vocalic 

transitions in this phonetic description. 

 

Next, we will compare the Dental and the Alveolar consonants of the BPK 

with the Alveolar consonants of the BHB.  Both dialects have the unaspirated 

voiceless stop [t], the aspirated voiceless stop [tʰ], the voiced stop [d], the voiceless 

fricative [s], the voiced fricative [z], the nasal [n], the lateral [l] and the trill [r].  

However, the t,̪ the t ̪h , the d̪ and the n̪ in the BPK are marked by the dental subscript 

diacritic.  However, being either Dental or Alveolar has no phonemic significance 

here as there is no distinction between the Dental and the Alveolar consonants in 

either dialect.  It is, therefore, acceptable then to group the Dental and the Alveolar 

consonants in the BPK as the same group.  In addition to this, Ratanakul et al. also 

noted that the phoneme /s/ in the BHB has the [θ] sound as its allophonic variant and 

that the phoneme /z/ in the BHB has the [j] sound as its free allophonic variant 
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(XXXV).  The [θ] sound found in the BHB, however, does not exist in the BPK.  

Lastly, the BPK has the [j] sound as a free variant of the [z], but it is considered in 

this phonetic description as being a vocalic transition [ɪ]̯, as already explained above. 

 

Regarding the Palatal consonants, both dialects have the unaspirated voiceless 

stop [c] and the nasal [ɲ].  However, while the BPK has the aspirated voiceless stop 

[cʰ], the BHB, on the other hand, has the voiceless fricative [ʃ].  Nevertheless, this is 

not a phonemic difference as there is no clear distinction between [ch] and [ʃ] in either 

dialect.  In addition to this, the BHB has another palatal phoneme /j/, which is also 

found in the BPK and considered as being a vocalic transition [ɪ]̯, as already explained 

above. 

 

In comparing the Velar consonants, both dialects are similar in that they have 

the unaspirated voiceless stop [k], the aspirated voiceless stop [kȹ], the voiceless 

fricative [x], the voiced fricative [ɣ] and the nasal [ŋ]. 

 

Lastly, the /ʔ/ and the /h/, which are found in the BHB and classified as Glottal 

consonants by Ratanakul et al, are found in the BPK as well, but they are treated as 

being laryngeal articulations, e.g. [ʔ, ḁ], as already explained above. 

 

 

5.1.3 Tones 

 

The various phonetic tones found in the BPK can be broadly assigned into four 

tone groups as follows: BPK Tone 1: High-level, mid-rising or high-rising: [(ʔ)˦˦ ˦, (ʔ)˧˦, 

(ʔ)˦˥], BPK Tone 2: Mid-level or mid-level with a falling tail: [˧˧ ˧, ˧˧ ˨, ˧˧ ˩], BPK Tone 3: 

Low-level, low-falling or mid-falling: [(ʔ)˨˨ ˨, (ʔ)˩˩ ˩, (ʔ)˨˩, (ʔ)˧˩] and BPK Tone 4: Low-
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falling-rising or low-rising: [˨˩ ˨, ˨˩ ˧, ˩˨, ˩˧].  This corresponds with Ratanakul’s findings 

of the BHB as follows.  

 

The BHB has three phonemic tones.  The first tone phoneme in the BHB is a 

high tone, which corresponds with BPK Tone 1.  The second tone phoneme in the 

BHB is a mid-level tone, which corresponds with BPK Tone 2.  The third tone 

phoneme in the BHB is a low-level tone, which corresponds with BPK Tone 3.  This 

low-level tone, however, can become a high-falling tone in some contexts (Ratanakul 

et al. XL).  This variation is similar to a member of BPK Tone 3 [(ʔ)˧˩], which occurs 

sometimes when the tone follows a high tone. 

 

The second and third tone phonemes in the BHB (mid and low-level) usually 

become a rising tone at the end of a question (Ratanakul et al. XLI).   This allophonic 

variant of the tones corresponds with BPK Tone 4. 

 

In addition, Ratanakul et al. also pointed out that the glottal stop is associated 

with the high tone as well as being associated with the low tone in some contexts in 

the BHB.  This is also true of the BPK in which words with BPK Tone 1 (high) or 

BPK Tone 3 (low) tend to end with the glottal stop. 

 

5.1.4 Vowel Lengths 

 

BPK vowels are found phonetically varying in four levels of length: i.e. 

medium [a], extra-short [ă], half-long [aˑ] and long [aː].  Like BPK vowels, BHB 

vowels also vary in their length.  While Ratanakul et al. stated that the variation in 

vowel length has no semantic significance in the BHB (XXXIX), this present study 

found that the variation in vowel length does indeed have semantic significance in the 

BPK. 
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For instance, there are minimal pairs such as [kʰɔ˩] “leg”, which differs 

from [kʰɔ̆ʔ˩] “neck” in two ways, that is, in the presence of the glottal stop and the 

length of the vowel.  From this example, it can be understood then that the glottal stop 

shortens the length of the vowel and this shortening of the vowel length makes [kʰɔ̆ʔ˩] 

“neck” a different word from [kʰɔ˩] “leg”.  Therefore, there must be a ‘short-long’ 

phonemic distinction of vowel lengths in the BPK.  For instance, we could call the [ă] 

as phonemically short and call the other three vowel durations [a], [aˑ] and [aː] as 

phonemically long. 

 

 

5.2 Recommendation for Future Research 

 

Due to the wide-ranging varieties and the increasing risk of being forgotten, 

the Sgaw Karen language in Thailand needs the present active and immediate help of 

language documenters and linguists in investigating, documenting and disseminating 

the knowledge of the language.  Therefore, future research could be built on this 

acoustic phonetic research: a) by replicating the research method to investigate the 

sounds of Sgaw Karen in other villages in Thailand or Myanmar and compare the 

results or b) by undertaking a phonological descriptive analysis of the Sgaw Karen 

dialect of Baan Paa Kluay with reference to the phonetic sounds discovered by this 

research.  The researcher also feels that there should be more studies into how Sgaw 

Karen dialects in Thailand may well have been influenced by the Thai language, the 

Northern Thai language and the standard Sgaw Karen orthographies. 
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Swadesh Wordlist for Main Data Collection 

No. English words 

Latin-based Sgaw Karen orthography  

Conventional 
spelling 

Spelling representing 
Baan Paa Kluay dialect 

1.1 I YA ZA 

1.2 I YA YA 

2 you (singular) NA NA 

3 he AWAI AWAI 

4 we (including you) PGA PGAZ 

5 you (plural) SUWAISEIJ SUWAISEIJ 

6 they AWAISEIJ AWAISEIJ 

7 this (N.) I I 

8 that (N.) NEIJ NEIJ 

9 here (N.) HPAI- I HPIV- I 

10 there (N.) HPAI-NEIJ HPIV-NEIJ 

11 who TAGALAUJ TAGALAUJ 

12 what MEJTALAUJ MEJTALAUJ (MUJTALAUJ) 

13 where HPAILAIJ HPAILAIJ (HPAIVLAIJ) 

14 when HKAILAIJ HKAILAIJ 

15 how DILAUJ DILAUJ 

16 not T’MEIBAJ TEVMEIJBAJ 
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17 all HKAI-LEX HKAI-LEV 

18 many RAV RAV 

19 some HSI-KAI HSIV-KAI 

20 few CGA CGA 

21 other KAJ-QE KAJ-QE 

22 one TE TE 

23 two HKI HKI 

24 three SE SEV 

25 four LWIJ LWIJ 

26 five YAIJ ZAIJ 

27 big DOF DOX 

28 long HTAU HTAU 

29 wide LAIJ LAIJ 

30 thick TAUX TAUX 

31 heavy QE QE 

32 small HSIV HSIV 

33 short HPUJ HPUJ 

34 narrow IX IX 

35 thin BOO BOO 

36 woman HPAUX-MUJ HPAUV-MUJ 

37 man (adult male) HPAUX-HKWA HPAUV-HKWA 

38 Man (human being) PGA-K’-NYAU PGAZ-K’-NYAU 
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39 child HPO-SAF HPO-SAJ 

40 wife MA MA 

41 husband WA WA 

42 mother MOJ MOJ 

43 father PAJ PAJ 

44 animal TAJ-HPO-QAJ TAJ-HPO-QAJ 

45 fish NYAF-HPO NYAJ-HPO 

46 bird HTOJ HTOJ 

47 dog HSWIJ HSWIJ 

48 louse SOOJ SOOJ 

49 snake GUJ GUJ 

50 worm SOOV-MOOJ-PAU 
SOOV-MOOJ-PAU 
(SOOV-MOJ-PAU) 

51 tree SEIF SEIJ 

52 forest PGAJ PGAJ 

53 stick (of wood) SEIF-DEI SEIJ-DEI 

54 fruit TA-SAJ TA-SAJ 

55 seed TA-HKLI TAJ-HKLI 

56 leaf SEIF-LAJ SEIJ-LAJ 

57 root SEIF-GIJ SEIJ-GIJ 

58 bark (of tree) SEIF-BEIF SEIJ-BEIX 

59 flower HPAU HPAU 

60 grass NAUJ NAUJ 
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61 rope PLI PLI 

62 skin (of a person) BEIF-KUV BEIX-KUV 

63 meat TA-NYAF TAJ-NYAJ (TA-NYAJ) 

64 blood TA-SWIF TAJ-SWIJ (TA-SWIJ) 

65 bone TA-QI TAJ-QI 

66 fat (N.) TA-SO TAJ-SO 

67 egg TA-DIF TAJ-DIX 

68 horn TA-NE TAJ-NE 

69 tail TA-MAIJ TAJ-MAIJ 

70 feather HTOF-HSOOF HTOJ-HSOOJ 

71 hair HKOF-SOO HKOJ-SOO 

72 head HKOF-SAF HKOJ-SAJ 

73 ear NAJ NAJ 

74 eye MAIX-HKLI MAIV-HKLI 

75 nose NAV-DEI NAV-DEI 

76 mouth HTA-HKOF-BEIF HTAV-HKOJ-BEIX 

77 tooth MAI MAI 

78 tongue PLEI PLEI 

79 fingernail TA-MEIJ TAJ-MEIJ 

80 foot HKAUJ HKAUJ 

81 leg HKAUJ-DEI HKAUJ-DEI 

82 knee KHAUJ-LEIJ-MOF HKAUJ-LEIV-MOJ 
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83 hand CU CUV 

84 wing DI-HSEI DIV-HSEI 

85 belly HU-HPE HUV-HPE 

86 guts PGIX HPGIV 

87 neck KAUX-BO HKAUV-BO 

88 back HKLE-QI HKLE-QI 

89 breast NOOF NOOJ 

90 heart SA SAV 

91 liver SOOF SOOJ 

92 drink AU AU 

93 eat AUF AUX 

94 bite EIF EIX 

95 suck COOJ COOJ 

96 spit HTOOV-HPI-TAJ HTOOV-HPIV-TAJ 

97 vomit BGAUV BGAUV 

98 blow (as wind) K’LI-HAI K’LI-HAI 

99 breathe K’SA K’SA 

100 laugh NI NI 

101 see HTIF HTIJ 

102 hear NAJ-HOO NAJ-HOO 

103 know (a fact) SI-NYA SEIJ-NYA 

104 think HSO-MOJ HSO-MOJ 
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105 smell (sense odor) NE-BAF NE-BAX 

106 fear P’LI P’LI 

107 sleep MI MI 

108 live OF OX 

109 die SI SI 

110 kill MA-SI MA-SI 

111 fight BGAU-HSE BGAU-HSE 

112 hunt QOJ-TAJ QOJ-TAJ 

113 hit TAUJ-TAJ TAUJ-TAJ 

114 cut TEJ-RIV TEJ-RIV 

115 split KO-HPAV KOV-HPAV 

116 stab HSAIV HSAIV 

117 scratch (V.) WAV WAV 

118 dig HKOOJ HKOOJ 

119 swim PAU-HTI PAUJ-HTI 

120 fly (V.) YOO ZOO 

121 walk HA HAV 

122 come HAI HAI 

123 lie (as on one's side) MI-NAU MI-NAU 

124 sit HSIJ-NAU HSEIJ-NAU 

125 stand HSAI-HTEJ HSAI-HTEJ 

126 turn (change direction) {no equivalent} {no equivalent} 
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127 fall LAU-KEV LAU-KEV 

128 give HEI HEIJ 

129 hold (in one's hand) HSAUX-QAX 
HSAUV-QAV 

(HSAUV-QAX) 

130 squeeze KE-HSIV KE-HSIV 

131 rub TOOV HTOOV 

132 wash SEI-QE SEI-QE 

133 wipe HSWA HSWA 

134 pull HTUV HTUV 

135 push HSWAJ HSWAJ 

136 throw HKWIV HKWIV 

137 tie CEV CEV 

138 sew HSAV HSAV 

139 count DWAV DWAV 

140 say TAI TAIV 

141 sing UF UX 

142 play LO-KWAIV LOJ-KWAIV 

143 float HTAUJ-HPAU HTAUJ-HPAU 

144 flow YWA ZWA (YWA) 

145 freeze (intransitive) HSGOJ HSGOJ 

146 swell NYAUV NYAUV 

147 sun MUJ MUJ 

148 moon LA LA 
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149 star HSAF HSAJ 

150 water HTI HTI 

151 rain MOO-HKOJ-HTI MOOV-HKOJ-HTI 

152 river HTI-KLO HTI-KLOV 

153 lake PAUX-LAIF-HPO PAUX-LAIX-HPO 

154 sea PAUX-LAIF PAUX-LAIX 

155 salt I-SA IV-SAJ 

156 stone LEJ LEJ 

157 sand MAIV MAIV 

158 dust TAJ-K’-MOOJ TAJ-KEV-MOOJ 

159 earth (as in soil) HAUJ-HKOJ HAUJ-HKOJ 

160 cloud TAJ-EF TAJ-EX 

161 fog TA-K’SWI TAJ-K’SWI 

162 sky MOO-HKOJ 
MOO-HKOJ 

(MOOV-HKOJ) 

163 wind (as in breeze) K’LI K’LI 

164 snow SEIF-NA-WAF SEIJ-NA-WAV 

165 ice HTI-HKLIF HTI-HKLIJ 

166 smoke TAJ-HKUF TAJ-HKUJ 

167 fire MEIJ-OO MEIJ-OO 

168 ashes HPEI-HKLAJ HPEI-HKLAJ 

169 burn (intransitive) KAI-HTAUF KAI-HTAUJ 

170 road KLAIV KLAIV 
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171 mountain TA-LOOJ TAJ-LOOJ 

172 red GAU GAU 

173 green TA-LA TAJ-LA 

174 yellow TA-BAU TAJ-BAU 

175 white TA-WA TAJ-WA 

176 black TA-SOO TAJ-SOO 

177 night MUJ-NA MUJ-NA 

178 day (daytime) MUJ-HSA MUJ-HSA 

179 year NIJ NIJ 

180 warm (as in weather) TA-K’-LE TAJ-K’-LE 

181 cold (as in weather) TA-GEJ TAJ-GEJ 

182 full PGAI PGAI 

183 new TA-SAU TAJ-SAU 

184 old TA-LAUJ-LI TAJ-LAUJ-LI 

185 good TA-GEI TAJ-GEI 

186 bad TA-E TAJ-E 

187 rotten TA-UF TAJ-UX 

188 dirty BAF-E BAX-E 

189 straight LO LO 

190 round HPLEJ HPLEJ 

191 sharp (as a knife) AV-EIF AV-EIX 

192 dull (as a knife) A-LOO AX-LOO 
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193 smooth (ADJ.) KE-HPUF KEJ-HPUV 

194 wet (ADJ.) BAF-CAUF BAX-CAUX 

195 dry (ADJ.) TA-QEI TAJ-QEI 

196 correct BA-MAIV BAX-MAIV 

197 near TA-BOO TAJ-BOOV 

198 far TA-YI TAJ-ZI 

199 right (side) AV-HSWAI AX-HSWAI 

200 left (side) AV-CEIF AV-CEIX 

201 at LE LEV 

202 in POO POO 

203 with (someone) DAUV DAUV 

204 and DE DE 

205  if MEI-MEIJ MEIV-MEIJ 

206 because LEV LEV 

207 name (N.) MI MI 

 

The Vowel Targets Used in the Analysis of Vowels 

Main 

Data 

Word 

No. 

Broad 

Transcrip

t of Each 

Syllable 

Female-1 

(Hz) 

Female-2 

(Hz) 

Female-3 

(Hz) 

Male-1 

(Hz) 
Male-2 (Hz) Male-3 (Hz) 

F1  F2 F1  F2 F1  F2 F1  F2 F1  F2 F1  F2 

7 ɪ˧ 432 3120 423 3040 442 2515 363 2326 363 2455 343 2544 

9 ɪ˧ 432 3056 423 3000 432 2515 343 2326 363 2475 353 2366 
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23 kʰɪ˧ 497 2942 413 3010 432 2465 398 2261 363 2455 343 2416 

101 tʰɪ˥˩ 416 3007 403 3070 403 2455 383 2247 323 2435 353 2316 

109 sɪ˧ 480 2910 432 3040 423 2445 393 2217 353 2525 353 2346 

110 sɪ˧ 480 2942 442 2991 452 2475 403 2257 383 2515 363 2356 

119 tʰɪ˧ 464 3056 393 2911 452 2396 413 2237 363 2515 363 2356 

150 tʰɪ˧ 448 2991 413 2971 432 2376 413 2287 353 2435 373 2396 

151 tʰɪ˧ 464 3051 413 2931 452 2356 413 2287 373 2525 353 2445 

198 zɪ˧ 442 3047 413 2971 432 2366 413 2257 393 2564 373 2376 

MEAN: 456 3012 417 2994 435 2436 394 2270 363 2490 357 2392 

                            

5 se˥˩ 610 2748 571 2772 502 2366 442 2198 413 2422 462 2297 

6 se˥˩ 610 2796 581 2812 512 2316 423 2217 423 2416 452 2356 

51 se˥˩ 594 2748 591 2763 542 2376 403 2138 423 2554 472 2158 

53 de˧ 624 2651 601 2763 561 2376 432 2108 442 2465 482 2326 

58 bĕʔ˥˩ 594 2635 581 2862 532 2426 442 2227 432 2475 432 2367 

75 de˧ 640 2717 601 2733 532 2416 452 2148 442 2465 452 2257 

76 bĕʔ˥˩ 545 2715 601 2673 542 2445 393 2257 442 2485 452 2307 

81 de˧ 642 2667 522 2852 532 2416 472 2138 432 2426 472 2227 

84 cʰe˧ 642 2521 611 2772 551 2406 452 2009 423 2485 462 2168 

128 he˥˩ 578 2667 482 2812 551 2386 403 2098 452 2416 462 2207 

MEAN: 608 2687 574 2781 536 2393 431 2154 432 2461 460 2267 
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13 læ˥˩ 739 2354 869 2465 740 2029 601 1940 525 2399 542 2138 

14 læ˥˩ 722 2404 829 2465 680 2059 571 1970 571 2277 542 2108 

19 kæ˧ 788 2354 812 2514 651 1979 621 1851 601 2227 591 2069 

29 læ˥˩ 788 2343 859 2475 700 2049 591 1880 591 2287 561 2198 

98 hæ˧ 756 2294 819 2426 670 2088 631 1860 536 2307 571 2198 

116 cʰæ̆ʔ˦˥ 788 2262 889 2544 770 2019 660 1890 641 2326 611 1989 

122 hæ˧ 772 2278 829 2554 670 2148 631 1851 571 2376 591 2049 

140 tæ̆ʔ˦˥ 821 2181 918 2564 829 2108 770 1841 680 2207 621 1930 

154 læ̆ʔ˥˩ 821 2420 778 2554 621 2158 611 2079 601 2277 542 2009 

170 klæ̆ʔ˦˥ 788 2239 928 2455 819 2188 660 2019 641 2217 591 2009 

MEAN: 778 2313 853 2502 715 2083 635 1918 596 2290 576 2070 

                            

43 pa˥˩ 982 1987 998 1930 978 1662 809 1434 918 1504 859 1345 

54 sa˥˩ 934 2003 1038 1831 898 1652 819 1464 938 1613 799 1424 

72 sa˥˩ 920 2008 978 1870 962 1675 799 1494 928 1603 799 1404 

96 ta˥˩ 982 1971 1087 1890 898 1672 809 1494 1018 1632 789 1395 

99 sa˧ 918 1987 1028 1801 889 1632 799 1533 928 1573 799 1434 

112 ta˥˩ 950 1857 1048 1771 918 1642 809 1464 908 1533 710 1404 

113 ta˥˩ 982 1971 1028 1751 998 1652 779 1444 938 1504 740 1365 

149 cʰa˥˩ 966 1971 1137 1900 1008 1675 789 1494 869 1593 799 1444 

155 sa˥˩ 982 1954 1087 1851 985 1698 789 1533 958 1613 819 1385 

178 cʰa˧ 950 1954 998 1880 1008 1692 799 1533 908 1662 710 1375 
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MEAN: 957 1966 1043 1848 954 1665 800 1489 931 1583 782 1398 

                            

28 tʰɔ˧ 821 1291 869 1276 651 1276 631 1127 631 978 686 1008 

30 tɔ̆ʔ˥˩ 853 1258 819 1147 680 1186 611 958 680 1038 611 958 

59 pʰɔ˧ 821 1307 799 1246 670 1226 621 1107 621 1018 581 968 

93 ɔ̆ʔ˥˩ 804 1129 819 1216 621 1137 621 1018 651 928 651 928 

143 pʰɔ˧ 804 1323 859 1256 621 1206 621 1067 631 978 571 1008 

169 tʰɔ˥˩ 804 1177 730 1196 680 1246 611 1008 591 968 561 948 

174 bɔ˧ 804 1210 799 1246 660 1216 651 1077 591 968 621 988 

183 sɔ˧ 853 1355 760 1226 651 1315 641 1127 660 1008 581 998 

194 cɔ̆ʔ˥˩ 853 1307 770 1176 700 1236 601 1048 680 1048 571 998 

203 dɔ̆ʔ˦˥ 869 1452 898 1325 789 1266 720 1176 670 1018 621 1028 

MEAN: 829 1281 812 1231 672 1231 633 1071 641 995 606 983 

                            

27 dŏʔ˥˩ 642 1048 621 948 561 1008 482 819 482 819 482 849 

45 pʰo˧ 659 1015 601 1018 571 1028 502 879 462 809 462 789 

46 tʰo˥˩ 594 966 611 1008 571 1008 502 849 482 839 442 799 

66 so˧ 659 1015 670 1057 611 1117 525 950 462 789 472 879 

87 bo˧ 624 953 591 1028 571 978 502 918 492 829 502 869 

108 ŏʔ˥˩ 624 970 581 908 551 849 482 819 479 858 462 779 

153 pʰo˧ 642 999 601 988 611 1067 512 849 482 839 472 849 

159 kʰo˥˩ 610 966 611 918 571 958 492 829 492 809 452 789 
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162 kʰo˥˩ 594 918 601 1018 571 1018 462 819 482 789 452 819 

189 lo˧ 626 966 621 1038 601 1057 502 968 472 898 512 889 

MEAN: 627 982 611 993 579 1009 496 870 479 828 471 831 

                            

48 sʊ˥˩ 416 804 452 908 442 889 432 869 383 700 393 879 

70 cʰʊ˥˩ 448 901 432 998 413 968 432 789 363 720 403 809 

71 sʊ˧ 475 821 442 898 413 928 423 869 393 750 413 829 

91 sʊ˥˩ 448 869 442 918 442 948 432 829 352 709 403 829 

95 cʊ˥˩ 448 885 423 889 423 879 432 829 353 700 393 789 

102 hʊ˧ 464 950 452 938 512 988 442 839 423 660 442 779 

120 zʊ˧ 464 999 452 918 462 958 442 889 383 760 442 819 

167 ʊ˧ 480 918 363 829 442 938 413 849 383 750 432 799 

176 sʊ˧ 480 982 393 829 442 938 413 889 373 779 413 819 

202 pʊ˧ 497 934 442 819 442 889 482 770 387 743 432 740 

MEAN: 462 906 429 894 443 932 434 842 379 727 417 809 

                            

33 pʰɨ˥˩ 462 1691 423 1672 432 1573 407 1332 343 1603 375 1236 

49 ɣɨ˥˩ 443 1613 413 1543 442 1502 407 1364 375 1443 375 1204 

62 kɨ ̆ʔ˦˥ 540 1770 532 1791 591 1682 343 1332 423 1571 439 1252 

83 cɨ ̆ʔ˦˥ 560 1789 512 1652 581 1742 391 1364 359 1412 455 1236 

134 tʰɨ ̆ʔ˦˥ 560 1730 512 1652 561 1662 391 1412 407 1443 423 1220 

141 ɨʔ̆˥˩ 439 1548 442 1623 423 1553 359 1427 343 1348 359 1172 
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147 mɨ˥˩ 462 1436 551 1761 462 1623 407 1396 327 1555 439 1348 

166 kʰɨ˥˩ 443 1555 393 1761 444 1594 375 1348 391 1523 391 1268 

187 ɨ ̆ʔ˥˩ 462 1418 413 1791 403 1464 359 1316 327 1459 359 1268 

193 pʰɨ ̆ʔ˦˥ 540 1594 512 1523 571 1632 359 1220 375 1539 391 1300 

MEAN: 491 1614 470 1677 491 1603 380 1351 367 1490 401 1250 

                            

25 lʷʉɪ˥˩ (ʉ) 482 1496 439 1204 439 1587 375 1587 375 1204 391 1061 

47 
cʰʷʉɪ˥˩ 

(ʉ) 
443 1711 423 1125 439 1396 391 1412 487 933 359 1236 

64 sʉɪ˥˩ (ʉ) 462 1954 471 1316 471 1635 391 1443 407 1364 471 1380 

136 
kʰʷʉɪ ̆ʔ˦˥ 

(ʉ) 
521 1438 550 1157 518 1396 391 1061 407 805 443 961 

161 sʉɪ˧ (ʉ) 480 1906 518 1252 423 1778 614 1985 375 1348 423 1746 

MEAN: 478 1701 480 1211 458 1558 432 1498 410 1131 417 1277 

                            

22 tə˧ 657 1663 726 1507 630 1667 534 1491 471 1571 534 1268 

24 sə̆ʔ˦˥ 813 1728 774 1667 710 1698 582 1523 566 1507 550 1364 

85 pʰə˧ 638 1631 678 1523 630 1667 455 1380 455 1475 499 1240 

111 cʰə˧ 675 1760 702 1647 614 1682 487 1459 471 1316 487 1284 

127 kə̆ʔ˦˥ 755 1647 774 1555 662 1635 518 1412 550 1364 487 1172 

132 xə˧ 618 1496 598 1412 566 1571 471 1364 503 1459 487 1204 

137 cə̆ʔ˦˥ 735 1809 758 1667 710 1651 518 1427 534 1364 534 1300 

160 ə̆ʔ˥˩ 599 1501 598 1539 582 1539 439 1396 471 1459 471 1172 

186 ə˧ 657 1652 614 1619 614 1667 503 1523 439 1427 487 1252 
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204 də˧ 618 1750 630 1698 598 1698 455 1523 471 1427 518 1268 

MEAN: 677 1664 685 1583 632 1648 496 1450 493 1437 505 1252 

 

Extra Wordlist for Supplemental Data Collection 

EXTRA WORDLIST: [ŋ] and all plosives 

NO SGAW KAREN THAI ENGLISH 

Two words containing [ŋ] 

i NGAU ��� Stupid 

ii NGA ����, ���� To hire, to rent 

Plosives (words alone and words in phrases) 

[p] 

1 PAJ  	�
 Father 

2 paj ox hpaiv neij 	�

��������� Father is over there. 

3 PAJ-DOX ������� Father (priest) 

4 paj-dox ox hpaiv neij �������
��������� Father (priest) is over there. 

5 PA  ��������� To poke around in the ground 

6 pa t'geiz 
������������ Don't poke around in the ground. 

7 PAPOO  ��� Chasm 

8 papoo ox hpaiv neij ���
��������� The chasm is over there. 

9 PAV KAIV ���� To cross 

10 hseij nau pav kaiv ���������� (He is) crossing his legs. 

[pʰ] 

11 HPAV ���ก��� To cut in half 

12 hpav t' geiz 
������ก��� Don't cut in half. 

13 HPAV- CEIV  �ก���� �  To spare money 

14 hpav-ceiv t' geiz 
����ก���� � Don't spare money. 

15 HPAV-SAV  ���!� To intend 

16 hpav-sav t' geiz 
������!� Don't intend 
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17 HPAV-LAIJ ก���� Wide 

18 hpav-laij dox mav "��ก����"�ก It is very wide. 

19 HPAV-DOX !�#� Big 

20 hpav-dox ra mav "��!�#�"�ก It is very big. 

[b] 

21 BAX-E $ก%�ก Dirty 

22 av bax-e dox mav ���$ก%�ก"�ก He is very dirty. 

23 BAX-CAUX �%&�ก Wet 

24 av bax-caux dox mav ����%&�ก"�ก He is very wet. 

25 BAX-MAIV '�ก�
� Correct 

26 av bax-maiv ���'�ก�
� He is correct. 

27 BA ����(��) To pay respect 

28 ba t' gei 
������� Don't pay respect. 

29 BA-TAJ  

* +,�� -���� $�/
"�0 

To pray 

30 ba-taj t' gei 
���
* +,�� Don't pray. 

[t] 

31 TA-NYAJ ��1�
$��0 Meat 

32 ta-nyaj ox hpaiv neij ��1�

��������� Meat is over there. 

33 TAJ-SWIJ ��1
/ Blood 

34 taj-swij ox hpaiv neij ��1
/
��������� Blood is over there. 

35 TAJ-SO ��"��$��0 Fat 

36 taj-so ox hpaiv neij ��"��
��������� Fat is over there. 

37 TAJ-DIX ��� Egg 

38 taj-dix ox hpaiv neij ���
��������� Eggs are over there. 

39 TAJ-NE ���$��0 Horn 

40 taj-ne ox hpaiv neij ���$��0
��������� Horns are over there. 

[tʰ] 

41 HTAV-HKOJ-BEIX %�ก Mouth 
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42 
htav-hkoj-beix ox hpaiv 
neij %�ก
��������� The mouth is over there. 

43 HTAV-HKAU ������ Upstairs 

44 za ox lev htav-hkau 2��
��������� I am upstairs 

45 HTA  �	��ก�
� Poem 

46 hta ox hpaiv neij ก�
�
��������� The poem is over there. 

47 HTAV ����ก  Iron 

48 htav ox hpaiv neij ����ก
��������� The iron is over there. 

49 HTA-TAJ �
��� To weave 

50 hta-taj t' gei 
����
��� Don't weave 

[d] 

51 DA-LAU  %� (�$1�
,����
�) To spread out (a mat, a mattress) 

52 da-lau hklauj t' gei 
���%��$1�
 Don't spread out the mat. 

53 DAV-TAJ-GAU  '�����% To photograph 

54 dav-taj-gau t' gei 
���'�����% Don't photograph. 

55 DA (��)$�/��
� Last (child) 

56 ax kaiv hpo s' da ����%3���ก��$�/��
� He is the last child. 

57 DAV-NYAJ-HPO /�ก%�� To trap fish 

58 dav-nyaj-hpo t' gei 
���/�ก%�� Don't trap fish. 

59 DAV-BAU 4��� Centipede 

60 dav-bau ox hpaiv neij "�4���
��������� A centipede is over there. 

[c] 

61 CA 5����%���� /��6�� A kind of fishing net 

62 ca ox hpaiv neij 5����%��
��������� The fishing net is over there. 

63 CAV '�" To ask 

64 cav t' gei 
���'�" Don't ask. 

65 CAJ  
�
� Flexible 

66 av caj dox mav �����
�
�"�ก He has a flexible body. 

67 CAV-KLAIV '�"��� To ask for directions 

68 cav-klaiv t' gei 
���'�"��� Don't ask for directions. 
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69 CA-LAUX 
4�� What 

70 ax kaiv mex ca-laux "���1

4�� What is it? 

[cʰ] 

71 HSAV ����  To sew 

72 hsav taj t' gei 
������� Don't sew. 

73 HSAJ  /��  Star 

74 hsaj ox hpaiv neij /��
��������� The star is over there. 

75 HSA  ���� Hurt 

76 av taj hsa ������� He is hurt. 

77 HSA-TAJ  ����
� To sell 

78 hsa-taj t' gei 
�������
� Don't sell. 

79 HSA-MAIV  ก�45/4 To fake 

80 hsa-maiv t' gei 
���ก�45/4 Don't fake. 

[k] 

81 KAV "�/ To bind 

82 kav pli "�/��1
ก Bind with a rope 

83 KAJ-QE 
1��7 Others 

84 ax ox de pga kaj-qe ���
���ก����
1�� He is with the others. 

85 KAV-HKAUV �ก�ก To tell a lie 

86 kav-hkauv t' gei 
����ก�ก Don't lie. 

87 KAJ-HKLIV  	�� To fold 

88 kaj-hkliv t' gei 
���	�� Don't fold. 

89 KAX %89�, ���� To grill 

90 kax taj t' gei 
���%89����� Don't grill. 

[kʰ] 

91 HKAJ HAV �$�/ Sputum 

92 hkaj hav ox rav "��$�/"�ก He has a lot of sputum. 

93 HKAJ �" Bitter 

94 ta saj av hkaj ���"��" The fruit is bitter. 
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95 HKA-HPAX ���" (��,$ ���
�) To cross over 

96 hka-hpax t' gei 
������" Don't cross. 

97 HKAJ-LAU  ���

ก To spit food out 

98 hkaj-lau t' gei 
������

ก"� Don't spit food out. 

99 HKAV � � To shoot 

100 hkav-htoj t' gei 
���� ��ก Don't shoot birds 

 

VOT from the Supplemental Data of F-I (millisecond) 

                          

[p] 

No. 1-10 

1st time 22 6 6 7 10 11 11 6 6 11   

2nd time 13 7 12 8 12 11 13 3 11 6   

3rd time 14 6 11 3 16 12 13 11 10 10   

4th time 12 6 8 7 10 11 17 11 11 11   

5th time 11 7 8 7 10 12 13 10 11 12 Mean 

Mean 14 6 9 6 12 11 13 8 10 10 10 

[pʰ] 

No. 11-20 

1st time 119 62 57 84 77 56 93 82 71 81   

2nd time 86 69 85 73 96 63 77 79 78 63   

3rd time 109 58 76 74 125 75 61 86 49 61   

4th time 67 52 49 71 84 64 102 65 73 69   

5th time 93 58 74 52 78 67 80 60 77 50 Mean 

Mean 95 60 68 71 92 65 83 74 70 65 74 

[b] 

No. 21-30 

1st time 88 129 51 110 69 113 118 89 71 72   

2nd time 82 106 37 127 101 107 80 72 54 60   

3rd time 87 74 62 110 71 118 112 82 68 36   

4th time 97 136 53 97 62 135 134 73 47 45   

5th time 73 114 47 88 100 127 110 78 33 81 Mean 

Mean 85 112 50 106 81 120 111 79 55 59 86 

[t]̪ 

No. 31-40 

1st time 7 11 10 11 10 11 11 11 12 11   

2nd time 11 11 11 7 18 11 13 11 10 12   
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3rd time 19 10 10 12 12 10 12 10 12 11   

4th time 16 10 10 7 11 12 11 11 12 11   

5th time 12 10 10 11 15 16 11 11 12 15 Mean 

Mean 13 10 10 10 13 12 12 11 12 12 11 

[t ̪h ] 

No. 41-50 

1st time 54 61 76 86 88 71 78 52 61 56   

2nd time 47 43 48 75 96 68 101 75 75 80   

3rd time 48 40 42 83 84 58 95 36 80 60   

4th time 55 42 48 71 75 73 89 64 70 62   

5th time 54 42 55 77 80 51 114 52 67 41 Mean 

Mean 52 46 54 78 85 64 95 56 71 60 66 

[d̪] 

No. 51-60 

1st time 58 80 85 55 63 71 57 67 47 64   

2nd time 49 53 42 52 66 72 71 48 44 44   

3rd time 51 38 52 28 98 94 43 42 57 31   

4th time 36 41 54 44 76 65 18 30 29 37   

5th time 77 37 39 31 81 88 11 40 55 32 Mean 

Mean 54 50 54 42 77 78 40 45 46 42 53 

[c] 

No. 61-70 

1st time 34 28 32 28 30 47 34 40 38 41   

2nd time 52 36 31 28 44 41 33 42 34 36   

3rd time 40 44 39 38 42 49 29 27 28 38   

4th time 51 37 33 32 31 53 34 34 30 44   

5th time 50 39 33 39 33 54 34 21 44 31 Mean 

Mean 45 37 34 33 36 49 33 33 35 38 37 

[cʰ] 

No. 71-80 

1st time 124 94 125 118 129 188 90 70 125 91   

2nd time 109 63 155 124 159 174 112 118 108 121   

3rd time 141 63 163 102 146 164 97 86 100 127   

4th time 135 73 125 115 132 159 103 64 131 135   

5th time 124 66 174 86 152 173 97 98 137 100 Mean 

Mean 127 72 148 109 144 172 100 87 120 115 119 

[k] 

No. 81-90 

1st time 28 32 46 40 41 24 20 35 24 28   

2nd time 30 36 35 36 35 26 27 43 31 26   
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3rd time 33 38 36 28 30 32 31 46 21 50   

4th time 26 41 38 24 28 25 30 55 29 29   

5th time 31 34 38 52 31 26 26 47 28 20 Mean 

Mean 30 36 39 33 36 27 27 45 27 31 33 

[kʰ] 

No. 91-100 

1st time 70 54 71 72 79 62 73 61 72 64   

2nd time 46 45 65 85 95 29 75 53 63 62   

3rd time 55 54 62 90 80 68 80 75 57 75   

4th time 40 45 75 82 99 70 79 78 64 62   

5th time 50 40 70 88 84 62 88 63 87 62 Mean 

Mean 52 48 69 83 87 58 79 66 69 65 68 

    

VOT from the Supplemental Data of F-II (millisecond) 

                          

[p] 

No. 1-10 

1st time 14 12 13 12 12 12 12 12 11 11   

2nd time 11 10 12 11 10 10 12 12 12 9   

3rd time 12 13 12 10 11 12 12 10 13 10   

4th time 14 11 12 14 12 11 21 13 11 11   

5th time 15 13 11 14 11 12 12 15 17 16 Mean 

Mean 13 12 12 12 11 11 14 12 13 11 12 

[pʰ] 

No. 11-20 

1st time 70 81 59 54 44 54 66 58 53 89   

2nd time 75 68 68 84 65 69 68 68 65 75   

3rd time 66 54 64 65 66 68 50 65 70 71   

4th time 57 62 59 54 75 65 55 71 65 80   

5th time 56 51 51 64 51 75 46 68 75 79 Mean 

Mean 65 63 60 64 60 66 57 66 66 79 65 

[b] 

No. 21-30 

1st time 87 81 71 85 84 65 89 84 72 95   

2nd time 75 78 83 84 83 61 69 73 94 85   

3rd time 83 89 86 88 82 89 80 88 89 81   

4th time 83 80 68 81 60 85 87 85 85 88   

5th time 85 80 56 85 66 86 68 80 63 67 Mean 
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Mean 83 82 73 85 75 77 79 82 81 83 80 

[t]̪ 

No. 31-40 

1st time 13 15 12 11 10 21 10 12 10 11   

2nd time 10 19 17 11 14 18 17 15 11 17   

3rd time 13 17 16 10 20 13 25 11 13 14   

4th time 14 16 13 12 13 17 26 16 13 17   

5th time 12 17 15 14 14 26 24 12 18 17 Mean 

Mean 12 17 15 12 14 19 20 13 13 15 15 

[t ̪h ] 

No. 41-50 

1st time 56 79 60 78 84 65 57 73 58 78   

2nd time 78 56 56 79 80 47 94 36 82 69   

3rd time 74 85 76 85 78 82 90 49 57 84   

4th time 50 70 75 61 68 78 76 75 67 77   

5th time 50 75 80 55 70 67 77 55 69 72 Mean 

Mean 62 73 69 72 76 68 79 58 67 76 70 

[d̪] 

No. 51-60 

1st time 52 49 50 38 82 49 24 35 44 40   

2nd time 52 42 31 33 63 42 30 31 37 42   

3rd time 56 43 42 44 50 36 31 31 38 43   

4th time 40 50 48 36 55 36 35 36 37 44   

5th time 41 45 20 43 18 42 18 21 34 40 Mean 

Mean 48 46 38 39 54 41 28 31 38 42 40 

[c] 

No. 61-70 

1st time 18 19 18 22 23 23 22 25 18 26   

2nd time 32 31 21 27 33 25 25 25 23 25   

3rd time 27 31 26 28 24 22 25 29 31 26   

4th time 27 27 25 29 22 30 25 23 24 25   

5th time 26 26 22 23 23 24 23 25 22 44 Mean 

Mean 26 27 22 26 25 25 24 25 24 29 25 

[cʰ] 

No. 71-80 

1st time 84 72 60 88 55 83 97 76 82 72   

2nd time 76 82 63 71 68 103 110 85 88 92   

3rd time 73 52 65 85 64 85 96 87 64 77   

4th time 84 83 86 79 85 72 118 79 85 81   

5th time 88 54 71 81 51 102 105 79 67 81 Mean 
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Mean 81 69 69 81 65 89 105 81 77 81 80 

[k] 

No. 81-90 

1st time 29 25 25 30 23 25 30 35 29 28   

2nd time 24 22 29 29 25 28 28 35 27 23   

3rd time 30 28 34 30 24 29 36 33 20 27   

4th time 32 28 35 26 26 39 33 32 24 29   

5th time 31 23 39 21 25 30 34 31 26 24 Mean 

Mean 29 25 32 25 27 30 32 33 25 26 29 

[kʰ] 

No. 91-100 

1st time 88 84 93 82 69 86 86 85 96 64   

2nd time 86 85 75 95 106 89 80 83 83 92   

3rd time 92 84 86 90 80 84 111 81 93 75   

4th time 80 85 95 82 99 80 89 87 95 62   

5th time 86 89 70 99 84 82 99 63 87 92 Mean 

Mean 86 85 84 90 88 84 93 80 91 77 86 

                          

VOT from the Supplemental Data of F-III (millisecond) 

                          

[p] 

No. 1-10 

1st time 12 14 14 15 15 13 14 14 12 15   

2nd time 13 14 14 15 16 14 17 15 17 14   

3rd time 13 14 15 16 14 11 23 14 11 16   

4th time 13 12 14 16 13 13 16 17 11 13   

5th time 13 14 15 14 16 23 21 15 13 19 Mean 

Mean 13 14 14 15 15 15 18 15 13 15 15 

[pʰ] 

No. 11-20 

1st time 96 89 78 78 109 112 86 99 102 108   

2nd time 92 85 104 74 86 111 105 93 65 64   

3rd time 95 59 72 98 103 98 86 77 72 77   

4th time 96 95 105 90 115 77 95 88 103 75   

5th time 99 84 118 83 96 79 97 106 85 58 Mean 

Mean 96 82 95 85 102 95 94 93 85 76 90 

[b] 

No. 21-30 

1st time 83 79 100 78 69 58 91 72 57 66   

2nd time 86 83 78 71 59 49 87 86 61 43   
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3rd time 91 72 53 72 76 70 69 53 93 52   

4th time 63 86 61 79 52 65 58 55 66 68   

5th time 95 83 57 70 47 53 90 69 76 61 Mean 

Mean 84 81 70 74 61 59 79 67 71 58 70 

[t]̪ 

No. 31-40 

1st time 14 17 13 15 12 14 17 19 19 15   

2nd time 14 13 14 14 14 18 15 14 15 17   

3rd time 18 15 14 16 19 18 14 13 16 14   

4th time 14 14 15 19 15 15 18 14 18 15   

5th time 17 13 14 17 22 15 17 13 16 14 Mean 

Mean 15 14 14 16 16 16 16 15 17 15 16 

[t ̪h ] 

No. 41-50 

1st time 69 67 93 73 75 95 86 89 69 63   

2nd time 73 63 92 60 73 89 85 82 62 74   

3rd time 47 70 91 74 69 80 86 87 89 78   

4th time 74 79 64 74 86 81 61 74 63 84   

5th time 69 67 69 65 65 76 60 76 61 97 Mean 

Mean 66 69 82 69 74 84 76 82 69 79 75 

[d̪] 

No. 51-60 

1st time 56 49 56 55 75 78 73 39 71 74   

2nd time 53 45 51 63 68 70 68 41 54 64   

3rd time 65 41 63 54 52 88 59 61 61 63   

4th time 56 45 47 62 58 76 48 67 56 55   

5th time 42 48 69 73 96 69 43 65 65 51 Mean 

Mean 54 46 57 61 70 76 58 55 61 61 60 

[c] 

No. 61-70 

1st time 26 24 35 33 45 35 23 27 29 26   

2nd time 24 39 33 36 23 22 22 31 26 39   

3rd time 31 33 26 36 22 37 35 37 29 39   

4th time 29 29 29 28 31 27 25 38 29 34   

5th time 22 26 24 34 37 34 38 25 27 29 Mean 

Mean 26 30 29 33 32 31 29 32 28 33 30 

[cʰ] 

No. 71-80 

1st time 110 135 131 125 124 142 123 117 125 134   

2nd time 146 127 127 148 127 148 127 105 129 121   
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3rd time 119 117 125 127 115 149 122 126 120 122   

4th time 133 114 150 133 125 139 123 110 143 137   

5th time 176 119 161 139 124 125 155 123 111 136 Mean 

Mean 137 122 139 134 123 141 130 116 126 130 130 

[k] 

No. 81-90 

1st time 30 34 30 27 31 33 25 35 37 31   

2nd time 39 35 39 32 38 33 35 31 24 36   

3rd time 25 24 31 23 32 28 39 28 33 39   

4th time 27 26 26 26 25 27 25 23 32 33   

5th time 23 37 37 27 31 28 27 28 36 20 Mean 

Mean 29 31 33 31 27 30 30 29 32 32 30 

[kʰ] 

No. 91-100 

1st time 74 70 77 95 76 74 85 70 68 70   

2nd time 79 84 72 73 92 94 70 70 84 86   

3rd time 94 84 79 73 73 87 90 90 76 90   

4th time 70 78 71 76 75 96 75 75 97 89   

5th time 92 83 75 76 74 76 76 76 88 84 Mean 

Mean 82 80 75 79 78 85 79 76 83 84 80 

                          

VOT from the Supplemental Data of M-I (millisecond) 

                          

[p] 

No. 1-10 

1st time 15 15 16 32 14 16 16 26 15 17   

2nd time 15 16 18 27 16 17 18 24 15 17   

3rd time 16 16 25 17 16 16 17 27 16 15   

4th time 15 17 25 23 17 15 17 25 15 17   

5th time 15 25 24 25 15 14 17 18 16 17 Mean 

Mean 15 18 22 25 16 16 17 24 15 17 18 

[pʰ] 

No. 11-20 

1st time 81 70 53 51 45 48 62 101 66 94   

2nd time 84 81 59 84 70 57 61 71 74 53   

3rd time 53 53 62 52 42 77 76 77 61 62   

4th time 84 67 61 50 69 61 54 63 76 73   

5th time 60 68 63 37 83 53 63 66 62 63 Mean 
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Mean 72 68 60 55 62 59 63 76 68 69 65 

[b] 

No. 21-30 

1st time 68 52 42 64 67 58 79 49 48 71   

2nd time 69 54 48 72 53 50 77 58 22 41   

3rd time 59 73 52 77 36 53 75 74 73 20   

4th time 70 61 37 55 21 79 68 71 92 45   

5th time 104 60   64 87 78 62 67 38 33 Mean 

Mean 74 60 45 66 53 64 72 64 55 42 59 

[t]̪ 

No. 31-40 

1st time 17 18 15 22 24 19 16 15 17 27   

2nd time 16 16 17 16 26 19 18 14 13 16   

3rd time 15 26 20 29 19 31 21 17 22 27   

4th time 17 18 14 19 16 17 24 17 20 24   

5th time 16 17 14 27 16 22 17 20 18 15 Mean 

Mean 16 19 16 23 20 22 19 17 18 22 19 

[t ̪h ] 

No. 41-50 

1st time 45 65 121 60 75 70 78 71 105 74   

2nd time 48 81 59 73 75 60 71 67 60 87   

3rd time 53 70 68 54 63 78 79 80 87 79   

4th time 62 71 86 72 90 77 75 95 72 70   

5th time 57 77 68 69 78 76 74 80 89 58 Mean 

Mean 53 73 80 66 76 72 75 79 83 74 73 

[d̪] 

No. 51-60 

1st time 35 81 49 86 60 11 66 90 117 36   

2nd time 43 101 33 34 59 15 70 61 81 35   

3rd time 49 88 23 68 28 37 49 60 36 46   

4th time 29 28 51 77 57 41 55 91 77 41   

5th time 37 13 75 75 50  - 72 59 82 32 Mean 

Mean 39 62 46 68 51 26 62 72 79 38 54 

[c] 

No. 61-70 

1st time 27 36 41 43 38 45 43 48 29 36   

2nd time 39 42 34 48 31 42 37 39 40 35   

3rd time 42 34 42 51 50 34 47 45 35 46   

4th time 45 31 42 35 48 41 39 52 50 41   

5th time   44 40 39 44 42 39 45 37 32 Mean 
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Mean 38 37 40 43 42 41 41 46 38 38 40 

[cʰ] 

No. 71-80 

1st time 79 59 108 85 89 15 96 96 101 83   

2nd time 68 84 81 83 103 36 90 110 84 85   

3rd time 80 84 85 86 80 27 92 101 104 93   

4th time 79 78 110 79 92 25 86 95 86 80   

5th time 169 88 95 77 78 53 93 92 85 108 Mean 

Mean 95 79 96 82 88 31 91 99 92 90 84 

[k] 

No. 81-90 

1st time 28 32 46 40 41 24 20 35 24 28   

2nd time 30 36 35 36 35 26 27 43 31 26   

3rd time 33 38 36 28 30 32 31 46 21 50   

4th time 26 41 38 24 28 25 30 55 29 29   

5th time 31 34 38 52 31 26 26 47 28 20 Mean 

Mean 30 36 39 33 36 27 27 45 27 31 33 

[kʰ] 

No. 91-100 

1st time 71 53 72 73 78 61 72 60 73 65   

2nd time 76 45 65 85 95 29 75 53 63 62   

3rd time 75 54 72 90 80 68 80 75 57 75   

4th time 70 45 75 82 99 70 79 78 64 62   

5th time 70 40 70 88 84 62 88 63 87 62 Mean 

Mean 72 47 71 84 87 58 79 66 69 65 70 

                          

VOT from the Supplemental Data of M-II (millisecond) 

                          

[p] 

No. 1-10 

1st time 14 12 13 12 12 12 12 12 11 11   

2nd time 14 21 18 11 10 21 12 12 13 9   

3rd time 12 13 22 11 11 22 22 21 13 10   

4th time 14 14 20 14 12 17 21 13 15 11   

5th time 15 13 19 14 18 22 22 22 17 20 Mean 

Mean 14 15 18 12 13 19 18 16 14 12 15 

[pʰ] 

No. 11-20 

1st time 73 80 60 53 45 53 67 59 52 96   

2nd time 79 68 68 84 28 54 42 42 38 75   
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3rd time 49 54 64 45 66 68 50 65 35 71   

4th time 56 62 59 54 75 60 41 71 65 80   

5th time 55 44 47 64 51 75 46 68 36 79 Mean 

Mean 62 62 60 60 53 62 49 61 45 80 59 

[b] 

No. 21-30 

1st time 37 51 71 56 56 65 89 49 72 95   

2nd time 55 78 63 59 53 61 69 73 94 54   

3rd time 83 63 56 58 58 52 49 59 77 61   

4th time 64 31 68 41 60 35 37 49 75 20   

5th time 79 47 56 45 66 46 68 30 63 67 Mean 

Mean 64 54 63 52 59 52 62 52 76 59 59 

[t]̪ 

No. 31-40 

1st time 13 15 12 11 10 21 10 12 10 11   

2nd time 10 19 17 11 14 18 17 15 11 17   

3rd time 13 17 16 10 20 13 25 11 13 14   

4th time 14 16 13 12 13 17 26 16 13 17   

5th time 12 17 15 14 14 26 24 12 18 17 Mean 

Mean 12 17 15 12 14 19 20 13 13 15 15 

[t ̪h ] 

No. 41-50 

1st time 56 41 30 52 54 65 57 53 58 55   

2nd time 36 36 56 79 80 47 94 36 50 69   

3rd time 24 34 36 55 78 52 90 49 57 84   

4th time 50 30 31 61 68 46 66 41 67 63   

5th time 30 30 30 55 70 67 77 55 69 72 Mean 

Mean 39 34 37 60 70 55 77 47 60 69 55 

[d̪] 

No. 51-60 

1st time 32 29 28 23 22 49 24 15 44 29   

2nd time 31 29 31 33 33 32 30 31 22 30   

3rd time 32 29 24 29 26 26 31 29 31 32   

4th time 30 29 28 22 35 23 32 33 22 27   

5th time 26 29 20 28 28 42 18 21 24 26 Mean 

Mean 30 29 26 27 29 34 27 26 29 29 29 

[c] 

No. 61-70 

1st time 18 19 18 22 23 33 32 35 18 36   

2nd time 32 31 21 27 33 36 25 25 33 37   
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3rd time 27 31 26 28 24 32 35 29 31 36   

4th time 27 27 25 29 32 30 42 33 35 39   

5th time 26 36 22 28 26 29 33 36 33 44 Mean 

Mean 26 29 22 27 28 32 33 32 30 38 30 

[cʰ] 

No. 71-80 

1st time 34 72 60 88 45 83 97 76 52 72   

2nd time 46 50 63 71 68 103 110 64 48 92   

3rd time 50 52 54 85 64 85 96 67 64 77   

4th time 43 43 55 79 47 72 118 79 55 61   

5th time 38 54 71 81 51 102 105 79 67 81 Mean 

Mean 42 54 61 81 55 89 105 73 57 77 69 

[k] 

No. 81-90 

1st time 22 25 25 30 23 25 30 21 19 28   

2nd time 32 22 45 29 31 28 28 35 27 23   

3rd time 28 28 34 30 30 29 36 29 20 27   

4th time 24 28 35 26 31 39 33 33 24 29   

5th time 26 23 39 21 32 30 34 31 26 24 Mean 

Mean 26 25 36 29 27 30 32 30 23 26 29 

[kʰ] 

No. 91-100 

1st time 78 54 73 82 69 59 76 63 75 64   

2nd time 46 45 75 95 106 29 80 53 63 62   

3rd time 60 64 65 90 80 47 111 81 57 75   

4th time 40 45 75 82 99 50 79 47 64 62   

5th time 50 40 70 99 84 42 99 63 87 52 Mean 

Mean 55 50 72 90 88 45 89 61 69 63 68 

                          

VOT from the Supplemental Data of M-III (millisecond) 

                          

[p] 

No. 1-10 

1st time 12 14 14 15 15 13 14 14 12 15   

2nd time 13 14 14 15 16 14 17 15 17 12   

3rd time 15 14 15 16 14 11 23 14 11 13   

4th time 13 12 14 16 13 13 16 17 11 12   

5th time 13 14 15 14 16 13 21 15 13 15 Mean 
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Mean 13 14 14 15 15 13 18 15 13 13 14 

[pʰ] 

No. 11-20 

1st time 106 89 78 78 109 112 86 99 102 108   

2nd time 102 85 104 74 86 111 105 93 65 64   

3rd time 105 59 72 98 103 98 86 77 72 77   

4th time 106 105 105 90 115 77 95 88 103 75   

5th time 119 84 118 83 96 79 97 106   58 Mean 

Mean 108 84 95 85 102 95 94 93 86 76 92 

[b] 

No. 21-30 

1st time 83 79 100 78 69 58 91 72 57 66   

2nd time 86 83 78 71 59 49 87 86 61 43   

3rd time 91 72 53 72 76 70 69 53 43 52   

4th time 63 86 61 79 52 65 58 55 66 68   

5th time   83 57 70 47 53 90 69 76 61 Mean 

Mean 81 81 70 74 61 59 79 67 61 58 69 

[t]̪ 

No. 31-40 

1st time 14 12 13 15 12 14 14 19 14 15   

2nd time 14 13 14 14 14 14 14 14 14 17   

3rd time 13 14 14 16 14 13 14 13 16 14   

4th time 14 14 15 14 15 15 13 14 15 14   

5th time 12 13 14 14 22 15 13 13 16 14 Mean 

Mean 13 13 14 15 15 14 14 15 15 15 14 

[t ̪h ] 

No. 41-50 

1st time 69 107 93 73 75 95 96 89 109 103   

2nd time 73 63 92 90 73 89 96 92 92 74   

3rd time 47 70 91 74 99 80 106 97 89 78   

4th time 74 79 94 74 86 81 101 74 93 84   

5th time 89 67 89 -  -  76 110 76 101 97 Mean 

Mean 70 77 92 78 83 84 102 86 97 87 86 

[d̪] 

No. 51-60 

1st time 56 49 56 55 75 78 73 39 71 74   

2nd time 53 45 51 63 68 70 68 41 54 34   

3rd time 37 41 63 54 52 88 59 61 21 63   

4th time 56 45 47 62 58 76 48 67 56 49   

5th time 42 48 69 73 96 69 43 65 65 51 Mean 
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Mean 49 46 57 61 70 76 58 55 53 54 58 

[c] 

No. 61-70 

1st time 41 44 35 33 45 35 43 47 39 36   

2nd time 44 49 33 36 42 42 42 51 56 39   

3rd time 41 43 42 36 42 37 35 37 49 39   

4th time 49 39 59 38 61 52 45 38 59 34   

5th time 42 46 44 34 37 34 38 51 52 49 Mean 

Mean 43 44 43 35 45 40 41 45 51 39 43 

[cʰ] 

No. 71-80 

1st time 110 135 161 192 164 142 173 117 145 134   

2nd time 146 127 142 148 127 148 157 105 129 141   

3rd time 119 117 205 127 115 149 152 126 150 142   

4th time 133 114 186 133 175 139 181 110 143 137   

5th time 176 119 161 139 155 175 155 123 111 136 Mean 

Mean 137 122 171 148 147 151 164 116 136 138 143 

[k] 

No. 81-90 

1st time 20 34 20 27 21 23 25 35 27 21   

2nd time 19 25 19 22 18 23 35 21 24 16   

3rd time 25 24 31 23 22 28 19 28 23 19   

4th time 27 26 26 26 25 27 25 23 32 23   

5th time 23 17 17 27 21 28 27 28 16 20 Mean 

Mean 23 25 23 21 25 26 26 27 24 20 24 

[kʰ] 

No. 91-100 

1st time 104 100 107 95 76 104 85 119 68 110   

2nd time 79 84 112 123 92 94 103 103 84 86   

3rd time 94 84 109 114 103 87 90 90 106 90   

4th time 70 78 111 132 101 96 102 102 97 89   

5th time 92 83 106 156 104 76 126 126 88 84 Mean 

Mean 88 86 109 124 95 91 101 108 89 92 98 

 



140 
 

 

CURRICULUM VITAE 

 

Researcher Mr. Pongprapunt Rattanaporn 

 

Contact  pongprapunt@gmail.com 

 

Education  

2008 – 2012 M.A. in English, Chiang Mai University  

2010 – 2010 Postgraduate courses in linguistics, Australian National University 

2000 – 2004 B.A. in Mass Communication, Chiang Mai University 

 

Additional Training 

Internship program in computational linguistics, UNDL Foundation, Geneva (Nov’12–May’13) 
 

Fellowships and Awards 

UMAP scholarship for student mobility at the Australian National University in 2010 

 

Work Experience  

2012 – Present Author of Thai dictionary and grammar, UNL program, UNDL 

Foundation, Geneva, Switzerland (Online) 

2011 – Present Lecturer of English, Chiang Mai University, Chiang Mai, Thailand 

2009 – Present Lecturer of English, Chiang Mai Rajabhat University, Chiang Mai, Thailand 

2004 – 2007 International Sales Coordinator, Valqua Industries Ltd., Samutprakarn, 

Thailand 

 

Conferences Attended 

January 2011  Presented “Phonetics of Sgaw Karen in Thailand: An Acoustic 

Description” at the 31st Thailand TESOL International Conference, 

Chiang Mai, Thailand 


