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報告タイトル 

 

1 内原洋人 (AA 研共同研究員，東京外国語大学) 

  “Cherokee S-preaspiration at the phonetics-phonology interface” 

 

2. Jeremy Perkins (AA 研共同研究員，会津大学), 李勝勲 (AA 研共同研究員，国際基督教大

学), 倉部慶太 (AA 研所員) 

“Phonetic typology of fricatives: data from JIPA illustrations” 

 

３. 全体討論 

 

以下は各人によるハンドアウトです。 

 



2023/03/03

1

Hiroto Uchihara

Tokyo University of Foreign Studies

1

§ In Oklahoma Cherokee, /s/ is realized 
phonetically with pre-aspiration (“s-
preaspiration”) after a short vowel 
(Feeling 1975: x)
§ /hs/ and /s/ do not contrast.

§ However, this phonetic [h] behaves as 
if it is there phonologically with 
respect to: 
§ a categorical phonological process 

(Vowel Deletion) 
§ a morpheme-specific 

morphophonological rule (Laryngeal 
Alternation).

[jahsgǒ:sê:s]
/ca-skoó-s-éʔi=s/
2SG.B-dig-PFT-REP=Q
‘Did you dig it?’

2

§ In general, phonological processes and morphophonological rules are considered 
not refer to subcategorical phonetic details, 
§ but in the case of Cherokee s-preaspiration, they appear to do so. 

§ So, is s-preaspiration a phonetic or phonological process?

§ How can we handle such a situation?
§ Allow categorical phonological processes and morphophonological rules to refer to 

phonetic information (Kingston & Diehl 1994; Hayes & Steriade 2004: 1; Lionnet 2017; 
Bennett et al. 2022)?

§ Enriching the representation?

3

§ Phonetics-phonology interface (cf. Zsiga 2021)
§ Phonology: discrete, abstract units 
§ Phonetics: realization in continuous time and physical space
§ How are they linked?

§ Two theories on the phonetics-phonology interface (Zsiga 2021)
§ Modular, substance-free theories (Keating 1984a,b, 1990a, Zsiga 1997, 2000, Boersma 2011)

§ Phonetic representations are distinct from phonological processes.
§ Phonological representations are abstract and categorical, and are mapped to distinct phonetic 

representations, which are defined in continuous, physical terms.
§ Nonmodular, integrated, phonetically-grounded theories (Steriade 2000, 2001, Flemming

2001, Gafos & Beˇnuš 2006, Pierrehumbert 2016) 
§ There is no meaningful distinction between phonetic and phonological representations. 

§ Which theory does the Cherokee s-preaspiration support?

4
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1. Introduction

2. Peculiarity of Cherokee /s/

3. Behavior of Cherokee /s/

4. Solutions
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§ Cherokee /s/ is peculiar in terms of
§ Phonetic characteristics
§ Distribution

6

§ Preaspirated when preceded by a short V 
(Feeling 1975: x)
§ Ø→h /V_s

§ Unlike other obstruents which are 
realized as voiced (when not followed by 
an /h/), /s/ not realized as voiced [z]
§ sa:sa [sa:sá] ‘goose’

§ Free variation with [h] in all positions 
(Scancarelli 2005: 363)
§ sé:hnv ~ hé:hnv ‘but’

§ Place of articulation: 
§ not contrastive with the postalveolar
§ dà:lâ:su:hlv́sga ‘he is putting on shoes; he is 

suing (him)’

7

§ The only consonant which 
has a ‘syllabary’ as a 
segment

8
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§ Unlike other obstruents, 
/s/ cannot be preceded or 
followed by /h/ 
phonologically
§ Or that /hs/ vs /s/ vs /sh/ 

cannot be contrastive
§ While other obstruents 

can be preceded (/hC/; 
4.7), followed (/Ch/; 4.11), 
or flanked (/hCh/, 4.16) 
by /h/
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1. Introduction

2. Peculiarity of Cherokee /s/

3. Behavior of Cherokee /s/

4. Solutions
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§ /s/ behaves as if preceded by an /h/ phonologically in terms of: 
§ Vowel Deletion (categorical phonological process) 
§ Laryngeal Alternation (categorical morphophonological rule)

11

§ Vowel Deletion
§ CVhT → ChT
§ One of the phonological processes 

motivated by the avoidance of a 
*CVh sequence.

dé:kdi:ha

tee-k-(v)ht-iih-a
DIST-3SG.A-use-PRS-IND

‘He is using it’

12
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§ CVhT → ChT
§ Where T = plosive, affricate

13

§ Vowel Deletion: categorical or non-
categorical?

§ Categorical, since
§ The vowel neutralizes with zero. 
§ When speakers write in syllabary, they 

can’t always recover the underlying vowel 
(Uchihara 2013: 87ff.)

§ Non-categorical (?), since
§ Optional
§ Depends on the speech rate.

14

§ Not only does the CVhT sequence 
undergo Vowel Deletion, 

§ But also does the CVs sequence 
§ CVs → Cs

15

§ In order to generalize Vowel 
Deletion, one needs to postulate 
that /s/ is preceded 
phonologically by an /h/.  

§ But recall that /s/ cannot be 
preceded by an /h/ 
phonologically
§ /hs/ vs /s/ cannot be contrastive
§ Even though phonetically [s] is 

preaspirated (preceded by an [h]) 
when the preceding vowel is short. 

Formulation with pre-s /h/

CVhO→ChO (O = obstruent)
• CVhT→ChT (T = plosive, affricate)
• CVhs→Chs

Formulation without pre-s /h/

• CVhT→ChT
• CVs →Cs

16
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§ Laryngeal Alternation (Cook 1979: 40; 
Munro 1996b).
§ A morpheme-specific 

morphophonological rule
§ It is triggered by certain pronominal 

prefixes (such as 1SG.A). 
§ h-grade: 

§ Most pronominal prefixes
§ the first laryngeal consonant of the stem is h. 

§ glottal grade:
§ Certain pronominal prefixes such as 1SG.A
§ the first laryngeal consonant is a glottal stop.

17

§ When the laryngeal is followed by a 
consonant, the VʔC sequence is realized with 
a lowfall tone, [V ̀V ̀C]

§ Possibly the lowfall tone was induced by 
creakiness before a glottal stop. 

18

§ Laryngeal Alternation is also triggered 
by /s/
§ As if /s/ is preceded by an /h/. à:lsgû:sga galì:sgû:sga

Ø-ali-skuʔ-sk-a
3sg.a-mid-nod-prs-ind

k-ali-(h)skuʔ-sk-a
1sg.a-mid-nod-prs-ind

‘he is nodding’ ‘I am nodding’

à:lhko:tdíha galì:ko:tdíha

Ø-alihkhootht-íh-a
3sg.a-shatter-prs-ind

k-alihkhootht-íh-a
1sg.a-shatter-prs-ind

‘he is shattering it’ ‘I am shattering it’

19

§ Again, in order to generalize 
Laryngeal Alternation, one needs 
to postulate that /s/ is preceded 
by an /h/ phonologically.  
§ But recall that /s/ cannot be 

preceded by an /h/ phonologically
§ /hs/ vs /s/ cannot be contrastive
§ Even though phonetically [s] is 

preaspirated (preceded by an [h]) 
when the preceding vowel is short. 

Formulation without pre-s /h/

H-grade Glottal grade

VhV VʔV
VhC V̀V̀C
VsX V̀V̀sX

Formulation with pre-s /h/

H-grade Glottal grade

VhV VʔV
VhC (C includes /s/) V̀V̀C

20
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§ Cherokee /s/-preaspiration: phonetics or phonology?

§ Diagnositcs (cf. Bennett et al. 2022)
§ Most indicate that it is a phonological process, although this is an automatic, non-

neutralizing process (typical of a phonetic process)

Phonological Phonetic /s/-preaspiration
Show physical gradience No Yes Maybe

Dependent on speech rate No Yes Maybe

Sensitive to morphological structure yes Possibly, but only gradiently Yes (Laryngeal Alternation)

Sensitive to phonotactic restrictions yes no Yes (not after a long vowel, etc.)

Feed/bleed phonological processes Yes No Yes (Vowel Deletion)

Sensitive to abstract prosodic 
structure (e.g. metrical feet)

yes Yes, but only gradiently N/A

21

1. Introduction

2. Peculiarity of Cherokee /s/

3. Behavior of Cherokee /s/

4. Solutions

22

§ Underlyingly /hs/? 
§ Can explain alternations 

and distribution
§ Problem: 

§ such an analysis implies the 
existence of the sequence 
/hs/ without the singleton 
/s/.

Vowel Deletion
[à:ksósga]
/a-kahso-sk-a/    (instead of /a-kaso-sk-a/)
3SG.A-go.downhill-PRS-IND
‘He is going downhill’

Laryngeal Alternation
[jigà:sósga]
/ci-kahso-sk-a/ (instead of /ci-kaso-sk-a/ )
1SG.A-go.downhill-PRS-IND
‘I am going downhill’

23

§ Allow categorical phonological 
processes and morphophonological 
rules to refer to phonetic information 
(Kingston & Diehl 1994; Hayes & 
Steriade 2004: 1; Lionnet 2017; Bennett 
et al. 2022)?

§ If so, supports nonmodular, integrated 
theories of the phonetics-phonology 
interface over modular theories.

Vowel Deletion
• applies to a vowel preceded by a 

consonant, followed by a phonetic (not 
phonological) [h].

[CVhT] →ChT
[CVhs] →Chs

Laryengeal Alternation
• Targets phonetic (not phonological) [h]

H-grade Glottal grade

[VhV] [VʔV]
[VhC] [V̀V̀C]
[VhsX] [V̀V̀sX]

24
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§ Problem: 
§ Laryngeal Alternation treats /s/ as if it is 

/hs/, 
§ even when phonetically [s], and not 

[hs], when preceded by a long vowel

gagv̀:sgwó:ʔa à:gv:sgwó:ʔa 
[à:gʌ:sgwó:ʔa ], *[à:gʌ:hsgwó:ʔa ]

k-akvv(h)skwoo-ʔ-a Ø-akvv(h)skwoo-ʔ-a
1SG.A-wash.face-PRS-IND 3SG.A-wash.face-PRS-IND
‘I’m washing my face’ ‘He is washing his face’

25

§ Why does /s/ have such peculiarities?
§ Is it because it’s the only sibilant/ fricative (besides /h/)?

26
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Aspirated and 
unaspirated 
frica/ves in Korean, 
Jinghpaw and 
Burmese

Jeremy Perkins (Aizu)

Seunghun J. Lee (ICU & IITG)

Keita Kurabe (AA-ken)

The 3rd Phontyp Mee/ng of AY2022
9:30-12:00 February 20, 2023 @ Zoom
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Introduction & Background – Korean (1)

• Korean fricatives contrast between plain [s] and tense [s’].
• Note Korean stops have a 3-way contrast (lenis, tense, aspirated).

• Tense obstruents involve laryngeal constriction and shorter VOT (in 
stops) (Silva, 2006).
• Spectral tilt has been traditionally used to measure laryngeal 

constriction.
• Psychoacoustic roughness has recently emerged as another valid 

measure (Villegas et al., 2020; Villegas et al., 2023).
• Tense fricatives have longer frication duration (Cho, Jun & Ladefoged, 

2002).
2

2

Introduction & Background – Korean (2)

• Main Goals in an Acoustic Analysis:
• (1) To assess which cues could be involved in the contrast between 

tense and aspirated fricatives.
• (2) To use psychoacoustic roughness to identify coarticulatory 

creaky phonation associated with tense fricatives.

• In addition to acoustic analysis, we use machine learning methods 
(random-forest (RF) model).
• RF can yield model accuracy as well as relative importance values 

for multiple measures, allowing insights into which measures 
matter in a given contrast.

3

3

Korean fricative contrast

Unaspirated frica.ve Aspirated fricative

4

4
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Methods (1)
• Par$cipants: 24 Seoul Korean speakers

• Aged 20 – 27.
• 14 females, 10 males.

• S$muli: CVCV bisyllables
• Tense and aspirated frica$ves in C1.
• [a] vowels.
• C2: lenis or aspirated stops (p, ph, t, th, k, kh)

• 6 words with each frica$ve (= 12 total words)
• Carrier sentence: 단어 X 는무슨뜻인가요? (“What does the word X mean?”)

• 2 repe$$ons

5

5

Methods – Acous/c Analysis (2)
• The following acoustic measures were extracted:

• Psychoacoustic roughness at following vowel onset
• Spectral tilt at following vowel onset

• H1*–H2*, H1*–A1*, H1*–A2*, H1*–A3*, H2*–H4*
• F0 at following vowel onset

• Normalized within each speaker rel. to that speaker’s median f0 and converted 
to cents.

• Frication duration
• Aspiration duration (and total duration = frication + aspiration)

6

6

Methods – RF Models (3)
• Models are created with all possible permutations of acoustic measures.

• 5 layers, 200 nodes per layer.

• A successful model is taken to be one that achieves overall accuracy of 95%.
• A measure or group of measures is sufficient to learn the contrast if all models that 

contained those measures were successful.
• A measure of group of measures is necessary to learn the contrast if the only models 

that were successful contained those measures.

• Importance measures ranging from 0 to 1 quantify the relative contribution of each 
measure to the overall model.
• Importance allows insights into whether a measure is a likely cue.

7
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Results (1)
Tense fricatives have increased roughness 
(left) and lowered spectral tilt (right) at the 
following vowel onset.

8
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Results (2)
There was no 
difference in f0.

9

9

Results (3)
• Tense fricatives had longer frication duration than 

aspirated fricatives (left).
• However aspirated fricatives included aspiration 

duration, resulting in similar total durations (right).
• Tense fricatives do not include any aspiration.

10
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Results (4) – RF Model
• RF model results indicated that frication duration is the most likely primary cue, with 

total duration and spectral tilt/roughness as likely candidates for secondary roles.

• Necessary measure: Only frication duration.
• Sufficient measures:

• (1) Frication duration & total duration (99.3% accuracy)
• (2) Frication duration & spectral tilt/roughness (97.1% accuracy)

• Frication duration was necessary but not sufficient on its own for the contrast (89.6% 
accuracy on its own).
• Either total duration or spectral tilt is required in addition as a secondary cue to 

properly learn the contrast.

11
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Results (5) – RF 
Model

• Fully-loaded model with only one 
measure of laryngealization (98.2% 
accuracy).
• Relative Importance values 

suggest that spectral tilt is the 
most likely secondary cue.

• Among the various spectral tilt 
measures, the model with H1*–
A1* achieved maximal accuracy 
and so was used here to represent 
them all:

12

Measure Importance

Frication 
Duration

.745

H1*–A1* .166
f0 .028

Total 
Duration

.061

12
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Results (6) –Roughness 
vs. Spectral Tilt

• Various laryngealization measures 
(spectral tilt & roughness) are compared 
via models with frication duration and 
only one other measure added in:
• H1*–A1* results in highest accuracy 

(97.1%) and importance (0.257).

• Roughness fares as well as most other 
spectral tilt measures on accuracy.
• Roughness has a slightly lower 

importance than spectral tilt 
measures though.

13

Measure Accuracy Importance

Roughness .942 .178

H1*–H2* .942 .211

H2*–H4* .942 .187

H1*–A1* .971 .257

H1*–A2* .942 .202

H1*–A3* .947 .218

13

Discussion
• Korean tense and aspirated fricatives are distinguished primarily via 

frication duration, with laryngeal constriction playing a secondary 
role.
• RF model results showed that frication duration was necessary but 

not sufficient on its own to learn the contrast (i.e. to achieve 95% 
model accuracy).
• One of spectral tilt or total duration was required in addition to 

reach 95% accuracy.
• Total duration and frication duration achieve near perfect accuracy 

(99.3%) because only for tense fricatives, these durations are 
exactly the same (no aspiration).

14
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Introduction & Background – Burmese & 
Jinghpaw
• Two languages with aspirated frica$ves: 

Burmese and Jinghpaw
• Both Tibeto-Burman languages are spoken in 

Myanmar
• Three-way laryngeal contrast in frica/ves

• Voiceless Aspirated
• Voiceless Tense
• Voiced

• Aspirated frica$ves 
• The contrast between aspirated frica/ves and 

tense frica/ves are salient in Jinghpaw.
• The contrast between the two voiceless 

frica/ves is neutralizing in Burmese

• Burmese (Watkins 2001)

• 30 million L1 speakers in Myanmar
• Up to 10 million L2 speakers

• Jinghpaw (Kurabe 2014)

• 630,000 to 940,000 speakers in 
and around the Kachin State, the 
northern most state in Myanmar.

15
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Fricatives in Jinghpaw
(data produced in isolation)

Aspirated fricative
(frication + aspiration)

Tense fricative
(frication + laryngeal)

16

16
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Jinghpaw data

Speakers and stimuli
• 2 speakers (female)

• 24 target items
• 3 vowels [a], [i], [u]
• 2 fricatives (aspirated, tense)
• 2 position (word-initial, medial)
• 2 syllable (with or without a glottal 

coda)

• Final token number (n = 240)
• 24 items x 5 reps x 2 speakers

Results
• Aspirated fricatives have short 

aspiration between the 
frication and the vowel:
• 15% of the pre-vocalic fricative. (vs. 

50% in Korean)

• Tense shows laryngealization
between the frication noise and 
vowel
• Diachronic source of tense fricative is 

[ts]
• Voiceless unaspirated stopss and 

affricates tend to be produced with 
laryngealization.

17
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More data: aspirated fricatives in Jinghpaw

Aspirated frica.ve Word-initial aspirated fricatives (n = 60)

• Aspirated fricatives are produced 
with a frication and an aspiration.
• 34 tokens showed 

distinct aspiration
• In unstopped syllables [a]
• In stopped syllables: [a], [i], [u]

• Descriptive statistics
• Average 25% of the fricative duration 

was aspirated
• Range: 8.7% ~ 43 % of the fricative
• Median: 25% of the fricative

18
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Burmese

Current status
• The aspirated-unaspirated 

frica^ve contrast is reported to 
have been disappearing in 
younger genera^on.

• Preliminary observa^on of a few 
recordings show no clear 
phone^c dis^nc^on between 
the two frica^ves.

Data collection
• 5 speakers (4 female 1 male)

• 27 target items
• Vowel [a]
• 3 tone (creaky, high, low)
• 3 fricaTves (aspirated, 

tense, voice)
• 3 word-iniTal onset ([p, t, k])

19
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Burmese data
(note: orthographic distinction)

Realization of
Unaspirated fricative စာ

Realization of
Aspirated fricative ဆာ

20

Voiced
Frica/ve ဇာ

20
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Discussion: typology of aspirated fricatives

• Phoible lists about 26 languages with [sh](dialects are counted as 
one).
• Phoible (https://phoible.org/) is a repository of cross-linguistic phonological 

inventory data
• The 2.0 released in 2019 includes data from 2186 distinct languages

• Language families
• Sino-Tibetan
• Tai-Kadai
• Austroasiatic
• Hmong-Mien

21
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Aspirated fricatives 
in Myanmar and Southwestern China

22

Languages
Akha
Arakanese
Asho
Baima
Burmese
Daai
Danau
Danu
Ganan
Hani
Hpun
Intha
Jinghpaw
Kadu
Matu
Mong Leng (Hmong Njua)
Myeik
nDrapa (Ngwirdei [Hongding] dialect)
Nyagrong Minyag (rGyarwagshis dialect)
Palaw
Sgaw (various dialects)
Shan (various dialects)
Tamang (Dhankuta)
Tavoyan
Tibetan (various dialects)
Zayein

22

Discussion

• The second part of this talk explored phonetic typology of aspirated 
fricatives
• In Korean, half of the fricative duration display aspiration.
• In Jinghpaw, the aspiration duration is around 25% of the fricative duration.
• In Burmese, while aspirated fricatives are orthographically present, the phonetic 

distinction is disappearing.
• (Follow-up) How would Burmese speakers produce the aspirated fricatives when they are 

faced with minimal pairs?

• The learning of the unaspirated vs. tense fricative contrast in Korean 
• Length of frication duration (it was longer in tense fricatives), or
• the absence/presence of aspiration, or
• the absence/presence of laryngealization

23
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Conclusion

• Cross-linguistic results have shown the languages may not have 
identical aspiration duration in aspirated fricatives.
• Korean with longer aspiration in [sh]
• Jinghpaw with shorter aspiration in [sh]

• Frication duration with a high frequency fricative noise is a salient 
acoustic cue when distinguishing aspirated fricatives from 
unaspirated ones.
• Whether the realization of aspiration, or the realization of laryngealization

play a role or not requires further investigation.

24
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https://phoible.org/
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