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Khmer Linguistic Research in the Age of Artificial Intelligence:

From Phonetics to Automatic Speech Recognition

B 5§

i58c 2889 QWOVL . ANUSIANU HMITRYHg - NRUMNAjUMAYM



@ =

Contents

IS EManios ManiDESIE? 5B RNES

3@; ¢
+&)
2
e
'3

Mon-Khmer - ynaN-$18y agfien hajedy ags njens: - (U

[UISUSE ANIAPMANSHSIVSUMAaISEa — IRSIOMmARITeM ST SR

manioeiasses
Al

GSwaIIgH - AIIANI

RSB HBENS

wean(ey Smiganifmi



oJ o % o (=
jcdwg@eﬁ@@mww
p |

&)

&

RS SHNRNT (RSIRSISHS ASICRSIS)
J
. CBERRIRAMAntDs
a J
. mic)e Sescig)e Mmantas
- Lﬁsﬁmlg %ﬁmlﬁg SORCEANES



BEIRANGE 855SQNRIAN[VBS AN HR56H

Phonetics Lab, IFL, University of Cologne, Germany, Universitdt zu Koéln, Deutschland

Electromagnetic articulography
(EMA) EEG

Statistics, probabilities, ML, DL
(electroencephalogram) Istics, p ilities, ,

Speech Therapy, Autism speech

o [

Sapanjasfaies

SS Al

UniKlinik
SESan

G a

CEHALOEEECHSET

(7

BENaSaR

[UISUSE ANIAPMANSHSIVSUMAaISEa — IRSIOMmARITeM ST SR

yelthyw Sshandyig)ate

-MIAN hEgiw
Interdesciplinary

yeifyw nsu§ifiianas.

YR

u

RSB HBENS


https://creativecommons.org/licenses/by-nc-sa/3.0/
https://creativecommons.org/licenses/by-nc-sa/3.0/
https://creativecommons.org/licenses/by-nc-sa/3.0/
https://creativecommons.org/licenses/by-nc-sa/3.0/
https://creativecommons.org/licenses/by-nc-sa/3.0/

ﬁj§ﬁ°j'9 NE SuEeiing SEALS:G I(UA ICAAL$G iUR ICPHS? 9 $fUf Geo-Lings 9 1UA
ct [ a al
3 Flows and Currents? 9 §(0% 84 DAMA: M 10A

[— o
2025
-Flows and Currents in Southeast Asia Conference — London, England (3—4 July 2025)
-SEALS 34 (34th Southeast Asian Linguistics Society) — Bali, Indonesia (11-13 June 2025)
-Data Competence College by DKZ.2R — IT Center Aachen, Germany (27—28 March 2025)
2024
-SEALS 33 — National Tsing Hua University, Hsinchu, Taiwan (15—17 June 2024)
2023
-ICAAL 11 (11th International Conference on Austroasiatic Linguistics) — Chiang Mai, Thailand (2627 October 2023)
-SEALS 32 — Chiang Mai University, Thailand (16—18 May 2023) Funded by KAAD, Germany
2022
-ICAAL 10 — Online, hosted by Living Tongues Institute for Endangered Languages, USA (30 November ccember 2027)

-SEALS 31 — University of Hawaii at Manoa, USA (18-20 May 2022) Funded by NSF, USA

2019 |
-ICAAL 8 — Chiang Mai, Thailand (August 2019) |
-ICPhS 2019 (International Congress of Phonetic Sciences) — Melbourne, Australia (August 2019)\
-National Conference on Khmer Transcription and Transliteration — Phnom Penh, Cambodia |

2017 f Eduardo Méking B.A.

-National Conference on Khmer Language Diversity — Phnom Penh, Cambodia | Elisa Herbig B.A.
Simona Sbranna M.A.
2016 Solvei
. . oo . . olveigh Janzen

-3rd International Conference on Geo-Linguistics of Asia — Phnom Penh, Cambodia | VAl ChemiM.A.
-National Conference on Khmer Language — Phnom Penh, Cambodia |

2015

-ICAAL 6 (International Conference on Austroasiatic Linguistics) — Siem Reap, Cambodia
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its progress from the mind of the speaker to the mind of the listener.



Martine Grice

PhD - Professor at University of Cologne

The perception of post-focal prominence is (also) a
matter of linguistic structure

August 2025 - Journal of the International Phonetic Association

DOI:10.1017/S0025100325100479
License - CC BY 4.0

Authors:
D 8

Martine Grice Michelina Savino Maria Lialiou
:'5»‘,

Aviad Albert Petra B Schumacher

Narrow Focus, Broad focus, post-focal prominence
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Quantity-sensitivity affects recall performance of word

stress
September 2024
DOI:10.21437/Interspeech.2024-182 0.9;
Conference: Interspeech 2024
Authors: 0.8
3 Maria Lialiou O
Constantijn Kaland L o) |
University of Cologne Q ()7
fal n > ‘
|
0.61
Table 3: Overview of the factors and effects in the final GLMM.
B SE z p< 0.5 | . '
(Intercept)  0.96 025 3.79 0.001 3 4 S
1g:Greek 1.16 0.37 3.18 0.01 sequence length

contrast:ph  0.75 0.14 548 0.001
seq.length: 4-3 -0.39 0.19 -2.00 0.05
seq.length: 5-4 -0.96 0.18 -523 0.001 Effect = change

lg:Gr*contr:ph  -0.42 0.21 -2.00 0.05 No effect = no Change




Simon Wehrle &

PhD - PostDoc at University of Cologne
Currently Alexander von Humboldt Postdoctoral Fellow at Constantine the
Philosopher University in Nitra, Slovakia

Backchannels in conversations between autistic adults
are less frequent and less diverse prosodically and

lexicall
exically Figure 5 - Backchannel Type. Proportions of BC types are shown in percentages on the x-axis. Language
Published online by Cambridge University Press: 21 June 2023 groups are shown on the y-axis and are each assigned a bar. The mostly used BC types are listed in the legend
and are colour-coded. The category “other” refers to types that rarely occurred.

Simon Wehrle , Kai Vogeley and Martine Grice

Backchannel Types
mmhm = okay M esatto Il genau M ja M si ll other

German L1
GL2 Advanced
GL2 Beginner

Italian L1
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_ Measuring intonation style

Assessing the Intonation Style of Speakers with Autism Spectrum Disorder

o . . . 7 . .
) Simon Wehrle', Francesco Cangemi’, Harriet Hanekamp’, Kai Vogeley** & Martine Grice’

New evidence for melodic speech in Autism Spectrum Disorder

Simon Wehrle!, Francesco Cangemi’, Kai Vogeley’ & Martine G EeSdz[e]lV] e

Examining melodiousness in sarcasm:
Wiggliness, spaciousness, and contour clustering

A brief tutorial for using Wiggliness and ...

Csilla Tatar', Jonathan R. Brennan', Jelena Krivokapié¢', Ezra Keshet' intonation Styl 25

Lootobigore Soooc Wiabols

The interlocutor factor and intonational variation in collaborative dialogues

Tatiana Kachkovskaia

| Last Updated: 2024-11-19 10:53 AM

Metadata

Files

A brief tutorial for using Wiggliness
and Spaciousness to measure

Wiki

Haley McCreight; Jill C. Thorson

From wiggles to words: Acoustic and linguistic patterns in
caregiver—child museum interactions ©
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Individual variability in the attention-orienting function of ;
edge tones in German: A pupillometry study 1601
May 2026 - Laboratory Phonology 17(1) . fall
o :
DOI:10.16995/labphon.24022 Q :
= 801 :
Authors: g E
S E
8 & 8 = 5
Maria Lialiou Jesse A. Harris T. Mark Ellison % 0 ;
- :
2 @ o E ¢ neutral
Petra B Schumacher Martine Grice : rise
801 | + fall
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Auditory numerical sequence Time (ms)
E E Figure 7: GAMM smooths of pupil dilation response (PDR; normalised) with 95% CIs, across
' . prosodic conditions. PDRs are time-locked to the onset of the deviant (zero ms), as indicated by
L - the vertical dashed line.
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Figure 5: Schematic illustration of an experimental trial in the pupillometry.



Phonetic reduction in Central Khmer

1. Deep transcription for the Khmer language: From phonetics to Automatic Speech
Recognition

2. Phonetic reduction in Central Khmer

3. Reviewing Fundamental Frequency (f0) Estimation Algorith é&\mmk%
S \ A

Als Ergebnis der Priifung wurde als Gesamtnote das Pradikat
magna cum laude ("sehr gut" - 0,6) vergeben.



Phonetic Reduction in Central Khmer

_WMWN_

Segmental Reduction Syllable reduction

Vowel shortening

Minor syllable
Consonant reduction

o Pre-syllable
¢ Trill consonant reduction in C1

and C2 positions

e The reduction of voiced
consonants (breathy voice)

Lab vs. Naturalistic speech

Careful vs. Casual speech

Word-level reduction

Reduction of content and function
words



Temporal reduction: An overview

The word 6533 [nip] “at; stay” in different positions, as extracted from an audio file, was taken from a Khmer news

broadcast corpus featuring a male news reporter from Phnom Penh working at Radio France International: Khmer.
There are at least three variations of the word §S] [nif] “at; stay” at the introduction of the reading passage (it was

found at the beginning of the sentence), in the body (it was found at the beginning and in the middle of the sentence),
and in the conclusion.
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Average Duration of Phonemes (n, nn, nnn)
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PART 01 - HISTORY OF THE KHMER LANGUAGE
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RATSHS(AANT US-181 (Mon-Khmer) AR{AANIA &N
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HlegHaInEA
Austroasiatic

ys-igi
Mon-Khmer

Sidwell (2009); Sidwell & Blench (2011), The Austroasiatic Urheimat: The Southeastern Riverine Hypothesis. Canberra: Pacific Linguistics.
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Diffloth, Gerard, (2011), Kuay in Cambodia: vocabulary with historical comments,
UNESCO

- T T T
80° 90° 100° 110° E of Gr.
New.Delhl /V
€ry g BHUTAN
. CHINA
Kathmandu ® Thimphu
oGuwahﬁi Kinming
INDIA o Varanasi ) oa.aoehan ° [
ANGLA- 7.2 fe)
Jabalpur nehi DES.H 4 ? v
# Dhaka
® e B3 ‘
Nagpur BURMA ¢ -
0 o ‘ °
Vs
c N:ypyidaw A
5 o o ‘ L
Bay of & P Z
¥ & s ' (‘7 /6‘7-
Bengal Vientiane © /1/ 4
-t Vishakhapatnam Rangoon THAILAND ° Y
Nakhon' 0
- North Munda R“"‘?‘"“é
- South Munda Bav;gkgko
- Khasian \
B Falaungic § 5 - S x
5 0
Bl roranc INDIAN 2 : Hochi
— 0 9 Minh City
e i OCEAN /A5
|:] Vietic
- Katuic . QN
-
- Bahnaric ? bY
B Komeic < 2 MALAYSIA
|:j Pearic
I—_—] Monic 2—’-&:5?0"" Ey
- Aslian
Albers Equal Area Conic Projecton Singapore
- Nicobarese Made wi Natust Eart e 0"

van Driem

, George. (2017). The domestications and the domesticators of Asian rice.
10.1075/z.215.08van.


https://unesdoc.unesco.org/query?q=Author:%20%22Diffloth,%20G%C3%A9rard%22&sf=sf:*&queryDisplay=Person%20as%20author%3A%20%22Diffloth%2C%20G%C3%A9rard%22

$Ama R«man» gemantas

7
Latin "
lingua ( consonant shift : d > 1) 818 ST <HINEG>
French
langue => French, English, Khmer, Thai.....
langage => language as a general phenomenon, or to the
human ability to have language.
Parole => means 'speech, sometime it refers to written or
spoken language.

English
Language / tongue

M (ﬁg) Sanskrit HTST (bhdsa, “language”) ; Bahasa ?

& o s
qgmﬁjﬁgif TRV HBBL B M UIBY RIS ?

(0] J ' =V
9. ﬁ;tﬂﬁ B‘@iﬁj}mﬁ%‘[)ﬁ%

TONGUE

*dpghuh,- ‘tongue’. [IEW 223 (*dpgha); Wat 15
(dopgha-); Gl 714 ( *t'ng"uH-); Buck 4.26]. Olr tengae ‘tongue’,
) : . 5
MWels tafawt ‘tongue’, OLat dingua ‘tongue’, Lat lingua

‘tongue’, Osc fangvam ‘tongue’, ON tunga ‘tongue’, OE tunge
‘tongue’ (> NE tongue), OHG zunga ‘tongue’, Goth tuggo
‘tongue’, OPrus insuwis ‘tongue’, Lith lieZuvis ‘tongue’, OCS

Jezykt ‘tongue’, Rus jazyk ‘tongue’, Arm lezu ‘tongue’, Av hizi-

‘tongue’, OInd jihva ‘tongue’, TochA kantu ‘tongue’, TochB
kantwo ‘tongue’. The loss of d-before *-p- is probably regular
in Baltic and Slavic. In Tocharian we have metathesis ( *kantwo
< *tankwo) while in Lithuanian, Armenian, and possibly Latin
we have the initial rebuilt by influence of various words for
lick’. The Celtic words reflect an initial *sd-. The remodeling
in Indo-Iranian is more difficult. In any case a very strong
candidate for PIE status

See also EAT anp Drink; Mouth. [D.Q.A.]

Further Readings
Hilmarsson, J. (1982) Indo-European ‘tongue’. JIES 10, 355-367
Winter, W. (1982) Indo-European words for ‘tongue’ and ‘fish™: A
reappraisal. JIES 10, 167-186

— 504


https://en.wikipedia.org/wiki/Sanskrit
https://en.wiktionary.org/wiki/%E0%A4%AD%E0%A4%BE%E0%A4%B7%E0%A4%BE
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(Schmidt 1904-7, Huffman 1970, Pinnow 1977, Jenner 1967-2009, Jacob 1977, Diffloth 2005)

ysa.n. - wifd
55 tes
Proto-Khmer

ManinuAnnSIgk
fufiysnsHj

f.d.89-9¢
tossnRn
Old Khmer
oS wyHn ShHR
NS hlnk
g A

03

igod-98

fosmRmns
Middle Khmer
MR SHIUASIET
mm@aﬁg:ﬁms:mﬂ fU: BAHIUN

to.i.8wo-uguls

) [

BT

Modern Khmer
manigiaghii .
[megingm
[MEMENDHRRUR
[muManFIAIANG

I Ferlus (1992), Mon-Khmer Studies 21; Jenner (2009), A Dictionary of Pre-Angkorian / Angkorian Khmer. Diffloth (2005), The Contribution of Linguistic Paleontology to the Homeland of Austro-Asiatic
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ver /sf1/ TAr w.a. g1 sy
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MAUIYnJMS: MANIgIcIy maniginamey Manigisisuy
/b/—/p/ or /ph/ | 1§} /blemy/ 18 /polom/(2) |124 /phlomy
/d/—/t/ or /th/ | T /da(r)/ 1 /dax(r)/ A1 /tis/
/g/—/k/ or /kh/ HQ W /?2anguij/ HQ W /2anku:j/ H't;] W /2ankuj/

ly/—/c/ Ich/ /te/

IR frem/

iﬁﬁ /cam/

iﬁ'ﬁ /team/
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Maspéro (1915),; Henderson (1952), BSOAS 14( 1), Hufiman (1970), Yale Univ. Press; ﬁfﬁﬁﬁfSU@fjﬁ fﬁS7$gﬁH@f (9EDF ).
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PART o2 - WHAT IS THE KHMER LANGUAGE?




e NS SITENEERH/SMS (Isolating / Analytic)

MYIuNieN ManigImAN{UIASIMAAMA (isolating / analytic) — MAIMAISthRAMAIAYW (AAMYWIMYAMA]) IIwEnAEsH
HWNRINNUIMMMERUMA] Samaginauainn thihamisighephmmng

9 a

BERITR / ST/ LQSGS’Q&OSGRSUE
abugida, alphasyllabic script

Isolating & analytic language
WARAUASINIRAM i ANATManigiiyh 999

WAGAJMS: thim Ginnayy: unuus) ilgjuila apd g may
- wiy lgluifiang os e¢ Y €9 wgn

-MA] = MAUSUNU & &) Shynvigy
-ms inf oS M R uie ...

o Y o
BHERN: EIBIREEBRF|ECHREERNS
-cuyi maj 9 apk 8 v aph (Sana mAdsapk Shali) Polysynthetic  SNJEW = (UIHAIMSI{TS N
2. 4fa » 18 » Alha > villa > 1RAIgH AR
2_ ag‘jhmﬂgms ,é?ﬁjSﬁSLﬁjuf «ﬁ_ﬂ[,ﬁﬁj» «PNEIS»<«P NS> Sﬁ «fJo»

Comrie (1989), Language Universals and Linguistic Typology, 2nd ed.; Haiman (2011), Cambodian: Khmer. Amsterdam: John Benjamins.



a 1) Y

e SN NSEE ROBLIBNAS

maniginsUMUMAIYUESM [ms-Atun-ny (SV0)1 Aansismemuwse aanifunmemuiiun WiwdsnsmdysEhmagmeinm
o g yied 167w — HaSwiwp AR a g muhy famaEsw

Jacob (1968), Introduction to Cambodian. Oxford Univ. Press; Haiman (2011), Cambodian: Khmer, John Benjamins.

[ums AYUS
559535 688 S6aT
/ko’may /lan/ /Siof3-phifs/

‘child’ ‘read’ ‘book’

[272] [267] [286]

“AYNH Siﬁﬂﬁrﬂ 9> — ‘The child reads a book "
N1

AYNAYN — (A

o

aNiA
fJ-1A]

tokens: A ;8 1| H NS | 8ic)iased
ds :51481394121364 111510 7 16 17



Aiwapymanien manadih pinsAnnaSwySwhh high (variety) gwisman IRumsghmami
(codification ) N &Ri{E AkRwNAIND hAjUY [UASHAN YUAMN:IRIRIG) A IR uuBu sy
hijaRiendanasSMani: iIwnsiS:yRANSMAN (prestige) AIMNIA

9. mmﬁ T EIU ¢iNS (Selection of the norm)
— MR T MEM YWD GYMASAANSMO RY SIUNQOW U 195 ARG
Y. ﬁﬁﬁt_—ffs 9]}55 ( Codification of form)
— mmﬁmqsﬁwymnﬁ SuHANig ganioRIsY Shiag)ialiwnann
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Real-time speech on Magnetic resonance imaging (MRI)

Nasal Cavity Tongue Body
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Alveolar Ridge

Upper Lip Uvula’
Lower Lip
Epiglottis
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Larynx

Lower Jaw
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Consonnes initiales

sourdes

sonores

(non aspirées) (non aspirées)

Glottale i
Vélaires k
Palatales ¢
Dentales t
Labiales P
Liquides
r, | |
Spirantes
h, s, v, {
Occlusive p, b t,d
Nasal m n
Semwvowel v r,l
Spvrant 8

o ped

nasales

8 ;:e}:?:l-“

Stops:
Voiceless
Voiced

Spirants:
Voiceless

Continuants:
Nasal
Semivocalic
Lateral
Trilled

Chart 1. Consonants

Labial Dental Palatal

Velar

Glottal

-p -t =C
b d

(1) s

-W =Y

-k

-q

-h

Voiceless stops

Preglottalized stops

Nasal resonants

Spirants

Liquids

Semivowels

bilabial dental palatal

velar

glottal

Consonants: Bilabial Alveolar  Palatal Velar Glottal
Stop pb t,d k
Fricative f s h
Nasal m n nj ng
Lateral 1
Rhotic r
Glide v j
Labial Dental Palatal Velar | Glottal
Plosive pb td c k ?
Nasal m n n n
Trill r
Fricative S h
Approximant B j
lateral approximant L
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VOT Distribution of PP Khmer
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Wayland & Jongman (2003), J. Phonetics 31(2):181—201; Kirby (2014), J. Phonetics 43:69—85; Chem (2020), CJBAR 2(2).

Vowel

T

g T g o S i i 4 Y 4 i i 1 BN

P R

TEDDE I @

=

e
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ae
aj
ch)
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am
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ah
eh
3h
agh
oh
eh
ah

us

13
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Digital Cambodia 2025

Internet & Social Media Landscape

POPULATION PLATFORM USERS

17.8M Facebook 12.9M

72.4%
MOBILE CONNECTIONS
10.7M

25.3M D TikTok
143% penetration _— 18+ users

Instagram 1.65M

INTERNET USERS 9.3%

10.8M

60.7% penetration LinkedIn 780K
4.4%

SOCIAL MEDIA USERS
12.9M X (Twitter) 615K

72.4% penetration 3.5%

YoY Social Media Growth
+10.3%

Source: DataReportal Digital 2025, TRC (2025)
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