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Goals

> Explore computational modeling of tonal systems
o Expand on work by Shosted et al 2014, 2015
> Use in identifying toneme categories, yes, but...
o Computational modeling is a back-and-forth process

° ldentify the uses and limitations of the method
o Citation tones vs. running speech

o Den&or&strate how it can identify places where more human attention is
neede

> Model data gathered under very imperfect conditions

> Which, given limited time in field/limited access to speakers, can
accelerate and improve results
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Data gathering
ol K el Gl

- ma:' dog - khaw rice - pa:* fish n ka| chicken
S mi' bear [ ma2  horse "/ kraii*  buffalo n kha:® galangal

L pral wall 2i? sugarcane |10 na:w* star taw® turtle
(ef sty tiger 0 saing? elephant [ nyn*  moon tho® bean/nut
Tone 1 Tone 2 Tone 4 Tone 6
Frame questions:
1. Have you ever seen / eaten / etc ?
2. What kind of have you seen / eaten / etc?
3. Where have you seen / Where can be found / etc?



Corpora

1. Question answering (stimuli response corpus)
> 750 tokens

o 16 types

> 5 speakers (of 37 recorded)
> Controlled for syllable shape (14 CV, 2 CVN)

2. Wordlist reading
> 173 tokens

> ~50 types
> 1 speaker (of 5 recorded)
> Controlled for syllable shape (all CV)



Corpora

ID__|Sex|Age Datatype _______|Tonel [Tone2 [Tone4 |Tone6 |Total _

0 F 24 Wordlist reading 54 (31%) 43 (25%) 47 (27%) 29 (17%) 173
W4 F 42 Stimuli responses 35(28%) 18 (14%) 39 (31%) 32 (26%) 124
mlvl 74  Stimuli responses 49 (31%) 37 (23%) 39 (25%) 34 (21%) 159
WF 40  Stimuli responses 47 (31%) 34 (22%) 37 (24%) 34 (22%) 152
WF 20  Stimuli responses 40 (24%) 43 (26%) 43 (26%) 40 (24%) 166
M 65 Stimuli responses 33(22%) 34 (23%) 41 (28%) 41 (28%) 149
204 166 199 181 750




Normalized pitch tracks
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Wordlist reading Stimuli responses
n=173 n =750

(tones in isolation) (tones in situ)



Computational Modeling




Methods

°Principal component analysis (PCA)
o e.g. Joliffe 1986, Johnson 2008
> Dimensionality reduction

°K-means clustering

o Hartigan & Wong 1979
> One of many possible clustering techniques

> Traditionally-classified tones = “ground truth”



Principal Components Analysis




Principal Components Analysis

Dimensionality reduction

pitchstepl pitchstep2 pitchstep3 pitchstep4 pitchstep5 pitchstep6 pitchstep? PCA1 PCA2
1.086929934 0.450587307 0.483235657 0.655530171 1.102906335 1.44515143 1.440590791 -2.4169825015 -0.97576080

2 0607606651 0.338903221 0.372242407 0.402931670 0.618526143 0.91845228 1.196864524 2 -1.5956611265 -0.76044886
3 0.450851789 0.126137969 0.264717697 0.450897779 0.711481611 0.95368215 1.174989172 3 -1.4801442446 -0.95699041
4 -0.504643927 -0.360536037 -0.137285978 0371874477 0.739305016 1.14582241 1290947897 4 -0.8704152590 -1.81333082
5 -0.725597388 -0.463384357 -0.286780011 0.059922230 0.671011203 1.03863363 1.104717024 5 -0.4375612131 -1.83175525
6 -0.768527739 -0.949704933 -0.517437858 -0.097089133 0.526519200 0.95343230 0.978498179 6 0.0510062678 -1.95933833
7 -1.213585513 -0.572240997 -0.244463835 0.151368409 0.583430711 0.97442031 1.01140800] 7 -0.1936571278 -1.95211841
8 0.408315294 0.215909355 0.307380727 0.393959592 0.541063253 0.71207016 1.011795175 8 -1.2898404271 -0.68502753
9 0156641030 -0.354174286 0.075335465 0301133094 0503122246 0.85323952 1041414014 9 -0.8907753308 -1.14810871
10 -0.362067897 -0.135754143 0.133953775 0380156395 0720650687 094268843 1133367927 10 -0.9961026222 -1.40490895
11 0.068417189 -0.184881004 0.008392662 0.331155047 0.667533277 0.83400051 1.039284555 11 -0.9705493451 -1.16477252
12 0.182635555 0.507843073 0.644175868 0.962996379 1.370706611 1.50736590 1.402066941 12 -2.4371604947 -1.33307986
13 -0.128511030 0.053684686 0.030938165 0.224180272 0.548967630 0.77603362 0.989532649 13 -0.8710089612 -1.07370114
14 -0.560965397 -0.252739689 -0.032882953 0.237293309 0.684606730 0.91145627 1.000373531 14 -0.6867905593 -1.48647940
15 -0.388062422 -0.096523341 0275470168 0644832694 0878422042 091470442 0872993163 15 -1.1525733951 -1.21832554
16 1.032183889 1.205515178 1.401704796 1.628655543 1.951520197 2.04231035 2.043614874 16 -4.2136089546 -1.22648444
17 0.651324715 0.988155328 1.115897178 1.289787063 1.548713170 1.67327114 1680445314 17 -3.3320837262 -1.08861056
18 0.202722234 0.611044823 1.049648083 1.282540384 1.530375017 1.66802413 2.022901045 18 -3.0901902518 -1.62464215
19 0.583975264 0.925244672 0.962587753 1.145543656 1.426037247 1.47538417 1.450463737 19 -2.9727961740 -0.93688689
20 -1.675185257 -1.093904639 -0.645080094 -0.322081240 0.284329104 0.85973581 0.977336656 20 0.7094457043 -2.33669529
21 -1.840604960 -1.355796751 -1.061998488 -0.762403217 -0.225977443 0.31304807 0480204763 21 1.7740247948 -1.98265422
22 -1.303384780 -1.194278944 -0.921522656 -0.463218927 0.077550615 0.43397900 0.649980725 22 1.1184813592 -1.86693098
23 0520170522 0.736512704 0.869630906 1.184537687 1.560095472 1.60206181 1.416973154 23 -2.9468046171 -1.12894111
24 -0.330559382 0.055098408 0.133606921 0.326669008 0.809495879 1.10559538 1.267330260 24 -1.1895248665 -1.49867652

From this... ...to this




Principal Components Analysis

1. : : Principal C‘iomponents ; : % ] 2 3 4 - 6 i
Principal Components
Wordlist corpus Stimuli corpus
Speaker = LP5 Speakers = KT5, MN2, SN2, SN3, SN5

Measures = pitch (7 steps) Measures = pitch (7 steps)
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k-means clustering
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[image from http://learnbymarketing.com/methods/k-means-clustering/]




Wordlist corpus (pitch only)

Tones assigned by k-means (PCs = 2)

corpus = wordlist

Tone 6 - . . () measures = pitch

0.1852 0.2093 0.1489 0.8621 PCs=2
5 k=4
® Tone 4-
% . . Precision | Recall | F-score
© 0.8511 0.1034 T1 09778 [ 0.8148 | 0.8889
2 T2 1.0000 0.7907 ] 0.8831
T ) T4 0.9302 | 0.8511 |0.8889
£ Tone 2
T T6 0.4902 0.8621 | 0.6250

0.7907 Overall | 0.8266 0.8266 | 0.8266
Tone 1= o .

. T1 =rising

Legfle S T2 = low falling

Tone 1 Tone 2 Tone 4 Tone 6 T4 = high fa||ing

Expected tone cluster T6 = mid level




Wordlist corpus (pitch only)

Tones assigned by k-means (PCs = 2)

corpus = wordlist

Tone6-  (0.1852 0.2093 0.1489 0.8621 measures = pitch
10/ 54 9/43 7147 25/ 29
PCs=2
s k=4
% Tone 4- 0.8511 0.1034 _
© 0/54 0/43 40/ 47 3/29 Precision | Recall | F-score
o T1 0.9778 0.8148 | 0.8889
L T2 1.0000 0.7907 | 0.8831
=]
D T4 0.9302 0.8511 | 0.8889
£ Tone 2- 0.7907
i 0/ 54 34 [ 43 0/ 47 0/ 29 T6 0.4902 0.8621 | 0.6250
Overall | 0.8266 0.8266 | 0.8266
Tone - 0.8148 0.0345 -
44 | 54 0/43 0/47 1/29 T1 = rising
T2 = low falling
Tone 1 Tone 2 Tone 4 Tone 6 T4 = high fa||ing
Expected tone cluster T6 = mid level




Wordlist corpus

LP5 wordlist, normalized pitch tracks and averages Fitted clusters

Tonen
-1
- 2

Pitck (ERB)

-4

-

Pitch (ERB, normalized}

4 . -
Time (normalized) Time (normalized

Expected clusters Fitted clusters
+ normalized pitch tracks + normalized pitch tracks




Q&A corpus




Q&A COIpuUs (pitch only)

1.00-

0.96-

Variarce Explaired

0.92-

1 2 3 4 5 6 7
Principal Components

Speakers = KT5, MN2, SN2, SN3, SN5
Corpus = stimuli
Measures = pitch (x7)



Q&A COIrpuUsS (pitch only)

Tones assigned by k-means (PCs = 2)

corpus = stimuli

Tone 6- . . . . measures = pitch

0.3971 0.2831 0.3970 0.4420 PCs=2
s k=4
@ Tone 4- . o .
% . Precision | Recall | F-score
© 0.1912 0.0060 0.2161 0.0663 T1 0.3668 0.3579 | 0.3623
2 T2 0.6272 0.6386 | 0.6328
=]
D | T4 0.4526 0.2161 | 0.2925
£ Tone2 ® ® . T6 0.2788__ | 0.4420 | 0.3419
0.0539 0.6386 0.0503 0.2320 Overall | 0.4027 0.4027 | 0.4027
Tone 1=
. . . . T1 =rising
0.3578 0.0723 0.3367 0.2597 T2 = low falling
Tone 1 Tone 2 Tone 4 Tone 6 T4 = high fa||ing
Expected tone cluster T6 = mid level




Tone 6 -

Fitted tone cluster

Tone 1~

Q&A COIrpuUsS (pitch only)

Tone 4 -

Tone 2 -

Tones assigned by k-means (PCs = 2)

0.3971

81 /204

0.1912

39 /204

0.0539

117204

0.3578

731204

Tone 1

0.0060

1/166

0.6386

106 / 166

0.0723

12/ 166

Tone 2

0.3970

7917199

0.2161
4371

37199

0.0503

107199

0.3367

67 /199

Tone 4

Expected tone cluster

0.4420

80 /181

0.0663

12 /181

0.2320

42 /181

0.2597

47 /181

Tone 6

corpus = stimuli
measures = pitch

PCs=2
k=4
Precision | Recall | F-score
T1 0.3668 0.3579 | 0.3623
T2 0.6272 0.6386 | 0.6328
T4 0.4526 0.2161 | 0.2925
T6 0.2788 0.4420 | 0.3419
Overall | 0.4027 0.4027 | 0.4027
T1 =rising
T2 = low falling
T4 = high falling

T6 = mid level




Q&A COIpuUs (pitch only)

Fitted clusters

Tonemes

Pitck (ERB)

4
Time (normalized

4
Time (normalized)

Expected clusters Fitted clusters
+ normalized pitch tracks + normalized pitch tracks



Q&A COIpuUS (pitch only

Time (normalized

Time (normalized

H
Pitch (ERB, normalized)
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H
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Adding phonation measures




Adding phonation measures

Adding new columns to our input to PCA

pitchstepl pitchstep2 pitchstep3 pitchstep4 pitchstep5 pitchstep6 pitchstep? PCA1 PCA2
1 1.086929934 0.450587307 0.483235657 0.655530171 1.102906335 1.44515143 1.440590791 -2.4169825015 -0.97576080

2 0607606651 0.338903221 0.372242407 0.402931670 0.618526143 0.91845228 1.196864524 2 -1.5956611265 -0.76044886
3 0.450851789 0.126137969 0.264717697 0.450897779 0.711481611 0.95368215 1.174989172 3 -1.4801442446 -0.95699041
4 -0.504643927 -0.360536037 -0.137285978 0371874477 0.739305016 1.14582241 1290947897 4 -0.8704152590 -1.81333082
5 -0.725597388 -0.463384357 -0.286780011 0.059922230 0.671011203 1.03863363 1.104717024 5 -0.4375612131 -1.83175525
6 -0.768527739 -0.949704933 -0.517437858 -0.097089133 0.526519200 0.95343230 0.978498179 6 0.0510062678 -1.95933833
7 -1.213585513 -0.572240997 -0.244463835 0.151368409 0.583430711 0.97442031 1.01140800] 7 -0.1936571278 -1.95211841
8 0.408315294 0.215909355 0.307380727 0.393959592 0.541063253 0.71207016 1.011795175 8 -1.2898404271 -0.68502753
9 0156641030 -0.354174286 0.075335465 0301133094 0503122246 0.85323952 1041414014 9 -0.8907753308 -1.14810871
10 -0.362067897 -0.135754143 0.133953775 0380156395 0720650687 094268843 1133367927 10 -0.9961026222 -1.40490895
11 0.068417189 -0.184881004 0.008392662 0.331155047 0.667533277 0.83400051 1.039284555 11 -0.9705493451 -1.16477252
12 0.182635555 0.507843073 0.644175868 0.962996379 1.370706611 1.50736590 1.402066941 12 -2.4371604947 -1.33307986
13 -0.128511030 0.053684686 0.030938165 0.224180272 0.548967630 0.77603362 0.989532649 13 -0.8710089612 -1.07370114
14 -0.560965397 -0.252739689 -0.032882953 0.237293309 0.684606730 0.91145627 1.000373531 14 -0.6867905593 -1.48647940
15 -0.388062422 -0.096523341 0275470168 0644832694 0878422042 091470442 0872993163 15 -1.1525733951 -1.21832554
16 1.032183889 1.205515178 1.401704796 1.628655543 1.951520197 2.04231035 2.043614874 16 -4.2136089546 -1.22648444
17 0.651324715 0.988155328 1.115897178 1.289787063 1.548713170 1.67327114 1680445314 17 -3.3320837262 -1.08861056
18 0.202722234 0.611044823 1.049648083 1.282540384 1.530375017 1.66802413 2.022901045 18 -3.0901902518 -1.62464215
19 0.583975264 0.925244672 0.962587753 1.145543656 1.426037247 1.47538417 1.450463737 19 -2.9727961740 -0.93688689
20 -1.675185257 -1.093904639 -0.645080094 -0.322081240 0.284329104 0.85973581 0.977336656 20 0.7094457043 -2.33669529
21 -1.840604960 -1.355796751 -1.061998488 -0.762403217 -0.225977443 0.31304807 0480204763 21 1.7740247948 -1.98265422
22 -1.303384780 -1.194278944 -0.921522656 -0.463218927 0.077550615 0.43397900 0.649980725 22 1.1184813592 -1.86693098
23 0520170522 0.736512704 0.869630906 1.184537687 1.560095472 1.60206181 1.416973154 23 -2.9468046171 -1.12894111
24 -0.330559382 0.055098408 0.133606921 0.326669008 0.809495879 1.10559538 1.267330260 24 -1.1895248665 -1.49867652

From this... ...to this




Adding phonation measures

Adding new columns to our input to PCA

pitchstep1 pitchstep2 pitchstep3 pitchstep4 pitchstep5 pitchstep6 pitchstep? H1.H2step1 H1.H2step2 H1.H2step3

PCA1 PCA2

2 018506266 041522682 038338457 050580031 044801254 026450686 02873861 -0.06585201 -1.26525328  0.02025606

1 -2.4169825015 -0.97576080
3 0.39895189 0.56594677 0.61996066 0.55462509 0.43433216 0.36569444  0.3980084 -1.29228627 -1.12152687  0.19173676

2 -1.5956611265 -0.76044886
4 -0.45772242 -0.22421263 -0.06217098 018195289 056948480 060816723 06017988 015676950 -0.18678774  -0.03895307

3 -1.4801442446 -0.95699041
5 -0.57919469 -0.43720186 -0.16689659 0.12982596 0.37772373 0.49919600  0.6515670 -0.21081010 -0.24577735  0.14883522

4 -0.8704152590 -1.81333082
6 -0.58391206 -0.38531080 -0.04683953 009232287 023761785 034399454 06152433  -0.12252953  -0.43036685 -0.47587133
7 0.16921599 0.67586149 1.00065238 1.51154350 1.69882308 1.49125882  1.4837110  0.10292305  1.93668139  2.70972438 5| 04375612131 | -1.83175525
13 002132646 041593442 074544269 1.01338928 1.51720435 1.76345104  1.7860944 -0.19465930  1.47401594  2.46134708 ® | QR0 | QIR R,
14 0.03925246 0.28148939 0.66265285 1.18863956 1.54126293  1.62428864  1.9160579 -0.29463743  0.95725316  2.30366513 7] 01938571278 | -1.95211841
15 007180231 051193289 097187643 1.23510565 138134410 1.57216170  1.8368061 -0.47110449  0.33806611  2.17401970 § -1.2898404271 -0.68502753
16 0.56736199 1.17165703  1.63702553  2.34415923  2.77603442  3.00506271 3.7268203  0.92278768  1.90249815  3.04550415 9 -0.8907753 \1.14810871
17 048858191 1.03390984 1.72075884 2.37387866 2.69348045 3.19658791  3.9445269  1.43133393  1.87132554  2.92050012 10 -0.9961026222 8 40490895
18 0.80333222 1.28133587  1.66367867 2.26302048 2.64701436 2.87745786  3.4088695  0.86633829  0.42650348  1.95941795 11 -0.9705493458 .1.16477252
19 0.03642204 051924482 0063647145 0.85040416 1.01975773 1.16410924  1.3308682  0.34976368 -0.55991819  2.58509668 12 -2.4371604947 -1.33307986
20 0.45697554 0.98201877 1.17684613 1.23274696 1.40422335 1.61013653  1.7063709  1.30322518  0.45789562  1.99350711 13 -0.8710089612 -1.07370114
21 0.08807724 0.48598736 0.81360868 1.02423923 1.18840360 1.35280402  1.4473873 011029283  1.23642674  1.94931978 14 -0.6867905593 -1.48647940
22 0.50768726 0.86148998  1.04829781 1.17778961 1.34336928  1.34997360  1.2615229  0.72706511  0.77846541  1.87279950 15 -1.1525733951 -1.21832554
23 033951304 0.73129058 1.03485331 1.23864367 1.19783843  1.17849721 1.3999777  -0.08320312  -0.06357128  1.12302620 16 -4.2136089546 -1.22648444
24 0.68647557 0.98862309 1.11174643 1.16528858 1.20161232 1.37285284  1.5631987  0.14613820 -0.60921732  0.81675691 17| -3.3320837262 | -1.08861056
25 083247816 0.87729317 009192525 1.18934716 1.17330811 004923305 09857927 -0.48518548 -0.31279532  2.02471107

18 -3.0901902518 -1.62464215
26 0.22488095 0.51830134 0.80653262 1.04145763 1.20491448 1.28534563  1.1700059  0.80825814  1.35349650  2.95643956

19 -2.9727961740 -0.93688689
27 022417335 033833360 051948068 066902130 083837487 004097766 10617423 110807065 110138727 225583995

20 07094457043 -2.33669529
28  0.54353927 0.48952539 0.71855368 0.97447098 1.26010771 1.35539857  1.3693148  1.15971830  1.57183018  1.82306132

21 1.7740247948 -1.98265422
29 022228640 059259991 062349868 067161585 069850486 081455215 08529987 135512726 061670656 048035401

22 1.1184813592 -1.86693098
30 0.02368514 0.14114765 0.36168467 0.47891131 0.65510506 0.72751668  0.7485090  0.42399462  0.48605759  0.97174184

23 -2.9468046171 -1.12894111
31 014657262 031050121 058292931 071430805 046971244 041121705 06326976 066443765 037996410 022105908

24 -1.1895248665 -1.49867652

32 0.82634557  0.99923717 1.11127470 1.22708612 1.44361338 1.65518741 1.7311371  -0.30398294  -0.81089844 1.20572455

From this... ...to this




Adding phonation measures

1.0-
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Principal Components

Speaker = LP5
Corpus = wordlist
Measures = pitch (x7), spectral tilt (x3)



Wordlist corpus (pitch + phon)

Tones assigned by k-means (PCs = 3)

corpus = wordlist
Tone 6 - . ® . . measures = pitch, spec. tilt

0.4630 0.0698 0.1702 0.8276 PCs=3
o) k=4
® Tone 4- . . .
% . Precision | Recall | F-score
o 0.2407 0.0698 0.4468 0.1379 T1 0.4706 0.2963 | 0.3636
L T2 0.9737 0.8605 | 0.9136
=
E Tone 2 - ° T4 0.5122 0.4468 | 0.4773
T T6 0.4 0.8276 | 0.5393
0.8605 0.0345 Overall | 0.5665 0.5665 | 0.5665
Tone 1~ . . isi
T1 =rising
0.2963 JpEL T2 = low falling
Tone 1 Tone 2 Tone 4 Tone 6 T4 = high falling
Expected tone cluster T6 = mid level




Wordlist corpus

Precision |Recall |F-score Precision |Recall |F-score
T1 0.9778 0.8148 (0.8889 |[|T1 0.4706 0.2963 [0.3636
T2 1.0000 0.7907 |10.8831 ||T2 0.9737 0.8605 [0.9136
T4 0.9302 0.8511 (0.8889 ||T4 0.5122 0.4468 [0.4773
T6 0.4902 0.8621 |0.6250 |[|T6 0.4 0.8276 [0.5393
Overall | 0.8266 0.8266 |0.8266 Overall |0.5665 0.5665 | 0.5665

Pitch only Pitch + spectral tilt




Q& A Ccorpus (pitch + phon)

1.0-
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1 2 3 4 5 6 7
Principal Components

Speakers = KT5, MN2, SN2, SN3, SN5
Corpus = stimuli
Measures = pitch (x7), spectral tilt (x3)



Q& A Ccorpus (pitch + phon)

Tones assigned by k-means clustering

corpus = stimuli

Tone 6- . . . . measures = pitch, spec. tilt

0.4314 0.2711 0.5025 0.5580 PCs=4
5 k=4
g Tone 4 - . . . .
O Precision | Recall | F-score
© 0.2255 0.0181 0.2513 0.1823 T1 0.5591 0.2549 | 0.3502
2 T2 0.6073 0.6988 | 0.6499
=]
D | T4 0.3788 0.2513 | 0.3021
£ Tone2 . o . To 0.3024 | 0.5580 | 0.3922
0.0882 0.6988 0.0754 0.2320 Overall | 0.4253 0.4253 | 0.4253
Tone 1~ . o . .
0.2549 0.0120 0.1709 0.0276
Tone 1 Tone 2 Tone 4 Tone 6

Expected tone cluster



Tone 6 -

Fitted tone cluster

Tone 1~

Q& A Ccorpus (pitch + phon)

Tone 4 -

Tone 2~

Tones assigned by k-means (PCs = 4)

0.2255

46 / 204

0.0882

18 /1204

0.2549

52 /204

Tone 1

0.2711
45716

/ 166

0.6988

116/ 166

Tone 2

0.5025

100/ 199

0.2513
99

50/ 1

0.0754

157199

0.1709

34 /199

Tone 4

Expected tone cluster

0.5580

101 /181

0.1823

33 /181

0.2320

42 /181

0.0276

5/ 181

Tone B

corpus = stimuli
measures = pitch, spec. tilt

PCs=4

k=4
Precision | Recall | F-score
T1 0.5591 0.2549 | 0.3502
T2 0.6073 0.6988 | 0.6499
T4 0.3788 0.2513 | 0.3021
T6 0.3024 0.5580 | 0.3922
Overall | 0.4253 0.4253 | 0.4253




Tone 6 -

Fitted tone cluster

Tone 1-

Q&A corpus

Tone 4 -

Tone 2 -

Tones assigned by k-means (PCs = 2) Tones assigned by k-means clustering
® 6 6 66 o o ©o
0.3971 0.2831 0.3970 0.4420 0.4314 0.2711 0.5025 0.5580
3 o
- @ i @ @ o
o o
0.1912 0.0060 0.2161 0.0663 o 0.2255 0.0181 0.2513 0.1823
o
=
2 Tone 2- .
o e @ °
0.0539 0.6386 0.0503 0.2320 0.0882 0.6988 0.0754 0.2320
o O o - 0 - @ o
0.3578 0.0723 0.3367 0.2597 0.2549 0.0120 0.1709 0.0276
Tonle 1 Tonle 2 Tor;e 4 Tor;e 6 Tor;e 1 Torlue 2 Tor:ue < Tot:ne 6
Expected tone cluster Expected tone cluster

Pitch only Pitch + spectral tilt




Conclusions

* There’s a significant performance gap between citation tones

and running speech
 Excellent results on wordlist corpus (citation tones)

* Poor results on stimuli corpus (tones in context)

* Generally verifies tonemes identified by linguist / native speakers

* Thus has potential to tag new lexical material when access to a native
speaker is limited, or even to help correct mistakes in analysis

* Other observations
* Phonation possibly a cue in tone 2
* Consistent with historical analysis

* Combining pitch-only analysis and pitch+phonation analysis helped a
case in which non-modal phonation acts as a phonetic cue



Future directions

* ldentifying the limits of the method
* |s the in-context data salvageable?

* Testing other clustering algorithms
* Testing performance on additional syllable structures

* Implementing as a classifier
> Use wordlist data as a training corpus for new data

> Determine how much data is “enough” data to converge at the same
approximate centers; then use k-means as a classifier step for further
Input

° (The question of how minimum sufficient dataset size is important in
fieldwork, where time and access to native speakers can be limited
resources)
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Synchronic variation
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Pitch [ERE)

Pitch (ERB)
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Additional speaker variation

Tonemes (average z-score), all speakers
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Time (normalized)

Tonemes (average z-score), speaker SN2, 74 male

Time (normalized)
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Tonemes (average z-score), speaker KT5, 65 male
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Time (normalized)

Tonemes (average z-score), speaker SN3, 40 female
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Tonemes (average z-score), speaker MN2, 42 female
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Background

A B C D-short | D-long
” Voiceless w/ friction
i Al Bl Cl DS1 DL1
% 7’:ph, :':th, ‘.':kh, *S, *Ip-a etc.
a
@) Voiceless unaspirated
~ A2 B2 C2 DS2 DL2
@) *p, *t, *k, etc.
)
= Glottalized
PI' A3 B3 C3 DS3 DL3
= *?, *?b, *7j, etc.
@)
5'_: Voiced

A4 B4 C4 DS4 DL4

*b, *m, *1, *z, etc.




Background

Chindwin Khamti tone splits



Testing other k-values

Tones assigned by k-means clustering Tones assigned by k-means (PCs = 2)

- @ o
* o . . 0.2963 0.0465 0.8621

3.7% 97.7% 6.4% 34.5% i . .
0.1395 0.4043

96.3% 2.3% 2.1% 51.7%

'S

0.7037 0.0345
. . 1 0.5957 0.1034

Fitted tone cluster
w
®

Fitted tone cluster
N
[\8]

91.5% 13.8% 1-
L] 1 L] L] 1] 0-8l1 40 L] L]
Tone 1 Tone 2 Tone 4 Tone 6 Tone 1 Tone 2 Tone 4 Tone 6
Expected tone cluster Expected tone cluster

k=3 k=5




