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I.	
  Phone'cs	
  &	
  endangered	
  languages	
  
	
  

1.  Endangered	
  language	
  documenta'on	
  
projects	
  involve	
  30+	
  hours	
  of	
  speech.	
  

2.  Vitality	
  of	
  corpora	
  is	
  dependent	
  on	
  
accessibility	
  to	
  researchers	
  and	
  the	
  
community.	
  

3.  Extrac'ng	
  phone'c	
  data	
  from	
  these	
  
corpora	
  is	
  arduous.	
  Is	
  there	
  an	
  easier	
  
way	
  to	
  segment	
  the	
  data?	
  	
  

4.  How	
  much	
  data	
  is	
  enough?	
  

II.	
  Forced	
  alignment	
  (FA)	
  
	
  

1.  Automa'cally	
  segments	
  speech.	
  
2.  Usually	
  language-­‐specific	
  and	
  trained	
  

on	
  large	
  corpus,	
  it	
  requires	
  a	
  lexicon	
  of	
  
words,	
  a	
  transcrip'on	
  of	
  the	
  speech	
  
signal,	
  and	
  the	
  speech	
  signal	
  itself.	
  

3.  The	
  training	
  data	
  is	
  used	
  to	
  build	
  
HMMs	
  for	
  the	
  acous'c	
  signature	
  of	
  
each	
  phone.	
  The	
  FA	
  system	
  then	
  uses	
  
its	
  internal	
  model	
  to	
  predict	
  where	
  
boundaries	
  between	
  phones	
  occur.	
  

Input:	
  sound	
  file,	
  transcrip'on	
  /sata/,	
  and	
  
“lexicon”	
  containing	
  coding	
  of	
  transcrip'on,	
  
e.g.	
  /sata/	
  =	
  SSAATTAA.	
  

With	
  alignment	
  done,	
  Praat	
  scripts	
  can	
  be	
  
used	
  to	
  extract	
  acous'c	
  data.	
  

III.	
  Yoloxóchitl	
  Mixtec	
  
	
  

1.  Endangered	
  Mixtec	
  variant	
  spoken	
  in	
  
Guerrero,	
  Mexico.	
  

2.  Large-­‐scale	
  documenta'on	
  project	
  with	
  
100+	
  hours	
  of	
  transcribed	
  texts;	
  
phone'c/phonological	
  studies	
  (Cas'llo-­‐
García	
  2007,	
  	
  DiCanio	
  et	
  al.	
  2012).	
  

3.  Corpus	
  =	
  261	
  words	
  in	
  isola'on	
  x	
  6	
  reps	
  
x	
  10	
  speakers	
  =	
  15,660	
  tokens	
  
(monosyllables	
  &	
  disyllables).	
  

IV.	
  Phonological	
  system	
  
	
  

1.  Small	
  consonant	
  inventory	
  but	
  large	
  tonal	
  
inventory.	
  4	
  levels	
  or	
  5	
  contours	
  possible	
  on	
  
a	
  single	
  mora.	
  

2.  Open,	
  simple	
  syllables.	
  Words	
  are	
  
maximally	
  trimoraic	
  (CVCVCV,	
  CVCVV)	
  and	
  
minimally	
  bimoraic	
  (CVCV,	
  CVV).	
  

Table 1: Yoloxochitl Mixtec Consonant Inventory

Bilabial Dental Post-alveolar Palatal Velar Labialized Glottal
Velar

Plosive (p) t k kw P
Pre-nasalized (mb) nd
plosive
A�ricate tS
Nasal m n
Tap (R)
Fricative B s S
Approximant l j

Table 2: Yoloxochitl Mixtec Vowel Inventory
Front Central Back

Close i, ı̃ u, ũ
Close-mid e, ẽ o, õ
Open a, ã

These are the tones in Yoloxochitl Mixtec.
Level tones: /44/ �£, /33/ �£, /11/ �£
Falling tones: /42/ ⇤£, /32/ ⇥£
Rising tones: /13/ ⇧£, /14/ ⌃£, /34/ ⌅£
Complex contours: /142/ ⌦�£, /143/ ⌦⌥£, /424/ � £
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V.	
  Forced	
  alignment	
  
	
  
1.  Compared	
  accuracy	
  of	
  FA	
  to	
  hand-­‐labelled	
  

data	
  using	
  P2FA	
  and	
  hm-­‐Align	
  
2.  P2FA	
  (Yuan	
  &	
  Liberman	
  2008,	
  2009)	
  uses	
  

GMM-­‐based	
  monophone-­‐HMMs	
  trained	
  
using	
  the	
  SCOTUS	
  corpus;	
  phonemic.	
  

3.  hm-­‐Align	
  (Bunnell	
  et	
  al.	
  2005)	
  uses	
  a	
  set	
  of	
  
discrete	
  monophone	
  HMMs	
  trained	
  on	
  
data	
  from	
  the	
  TIMIT	
  corpus	
  (Garofolo	
  et	
  
al.	
  1993);	
  allophonic.	
  

VI.	
  Results:	
  how	
  accurate	
  is	
  FA	
  with	
  	
  
Yoloxóchitl	
  Mixtec	
  data?	
  

VII.	
  Results:	
  how	
  accurate	
  are	
  the	
  	
  
extracted	
  acous'c	
  measures?	
  

VIII.	
  Results:	
  how	
  much	
  data	
  is	
  needed	
  to	
  approximate	
  the	
  mean?	
  

excluded silences came entirely from short pauses (sp) that were inserted by P2FA. In total, 
5,232 short pauses were inserted out of 83,768 alignments, representing 6.2% of the data. hm-
Align did not insert any short pauses.  Both aligners placed boundaries to the nearest 10 ms. 
 
3. Statistical measures of aligner performance 
 
 Start and end points for each interval were extracted from the hand-labeled and the force 
aligned textgrid files using a script written for Praat (Boersma & Weenink, 2012). The relative 
difference between the segment boundaries for the hand-labeled files and the force-aligned files 
was compared. This comprised a total of 54,540 comparable segments. In addition to the 
temporal data, all words were coded for the presence of glottalization, vowel nasalization, size 
(monosyllabic/disyllabic), and tone. These categories were used to organize the data and to test 
how agreement was influenced by the phonological contrasts in the language. Boundary 
agreement and statistical tests were analyzed using R (R Development Core Team, 2012). 
Statistical tests were run for each phonological category, corresponding to the separate result 
sections below. In each test, lexical items were treated as a random effect in a linear mixed 
effects model (lmer) and the aligner (P2FA or hm-Align) was treated as an independent variable. 
In mixed effects models, p-values are calculated not based on a standard degrees of freedom 
value, but on the upper bound of the degrees of freedom (df = total observations - fixed effects 
parameters). This is typical for mixed effects models, as the estimation of the degrees of 
freedom is not clearly established (Baayen, 2008; Bates, 2005). Two sets of p-values were 
obtained from the mixed effects model, one using Markov-chain Monte-Carlo (MCMC) 
sampling and another based on the t distribution. The p-values reported here derive from the t 
distribution, but were validated against those from the MCMC simulation, which adjusts for 
random effects. The value given with the t-statistic, e.g. t[num], reflects the upper bound on the 
degrees of freedom. 

B. Results 1: General alignment accuracy 
 
 Overall, agreement for hm-Align was better than for P2FA. The results of a linear mixed 
effects model showed a strong effect of aligner on agreement, both at start points (t[142734] = 
6.2, p < .001) and at endpoints (t[142734] = 6.0, p < .001). Agreement of hm-Align was 70.9% 
in 30 ms compared to 65.7% in 30 ms for P2FA. This reflects a 6.6% error reduction between the 
models. Table V shows agreement at different thresholds. 
 

Table V: Agreement with hand-labeling 
Threshold P2FA hm-Align 
10 ms 32.3% 40.6% 
20 ms 52.3% 61.4% 
30 ms 65.7% 70.9% 
40 ms 74.8% 81.2% 
50 ms 79.6% 86.7% 

 
Agreement for both aligners was low in comparison with forced alignment on models trained on 
their target language, which typically average above 80% (Hosom, 2009, Malfrère et al. 2003). 
This pattern is expected though, as the alignment systems were not trained on YM data. 
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BeNer	
  agreement	
  between	
  hand-­‐labelling	
  and	
  
hm-­‐Align	
  than	
  between	
  hand-­‐labelling	
  and	
  P2FA.	
  

Agreement	
  is	
  typically	
  
70-­‐90%	
  at	
  20	
  ms	
  or	
  beNer	
  
for	
  other	
  FA	
  models	
  
(Malfrère	
  et	
  al.	
  2003).	
  
Does	
  this	
  maNer?	
  

Funded	
  by	
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