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What is rich 
language data? 

• Language documentation 
recordings/archives are rich since 
they include ecological, linguistic, 
and stylistic diversity. They are 
therefore variationally rich.

• Phonetic and phonological 
patterns are best examined in 
relation to a typologically diverse 
set of languages. Otherwise, we 
can never generalize about 
language.
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Larger goal: How do we get to a laboratory phonology 
that considers all languages equally?

• More phonetic fieldwork needed!
• Utilize existing archival data/recordings.
• Prioritize exploratory approaches since there are fewer theoretical 

motivations based on past literature that pertain to understudied 
languages (cf. Roettger 2019)
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How do we access this rich data? 
(a roadmap)

I. How do you move from a documentation corpus to a phonetic corpus?

II. How do we address theoretical, exploratory, and descriptive questions 
utilizing documentation corpus data? Case studies.
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Topics not specifically covered here

• Praat scrip*ng (see Eleanor’s tutorial).

• Sta*s*cal modeling of phone*c data (see Morgan’s tutorial).

• Technical aspects of how to write transducers or run forced aligners 
on speech corpora

I’m happy to discuss any of these topics, but they are not the focus of 
this presenta*on.
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What is a 
documentation 
corpus?

• Serves more holistic documentary goals 
(multi-genre, text transcription & 
translation, lexicographic & grammatical 
materials).

• Recordings and associated transcriptions 
(Transcriber, ELAN, even Word documents)

• Idealized users of materials are not 
phoneticians, but fieldworkers/linguists 
and community members/speakers.
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Documentation corpora: processing

Typical documentation pipeline:

Recording of speakers > Transcription/translation of texts > Archiving

Typical phonetic corpus pipeline:
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If transcripPons are 
morphological (no 
morphophonology 
has been applied), a 
phonological 
transducer is 
necessary – example 
from Yoloxóchitl 
Mixtec 
(Otomanguean).
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Documentation corpora: processing via transducers

transcription
transducer output (no punctuation)
transducer output (with punctuation)
translation (Spanish)



Input    Output
ti1xin3=a2   ti1xyã32
/ti¹ʃĩ³=a²/   [ti¹ʃjã³²]
under=3.INANIM
‘under it’

mi3i4=a2   myã3ã42
/mi³i⁴=a²/   [mjã³ã⁴²]
only=3.INANIM
‘only it’
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The work of a phonological 
transducer is to transform ascii-
encoded input into ascii-encoded 
output which reflects surface 
phonetic patterns.

If you do not do this, forced 
alignment will fail.

Note that nasalization has to be 
adjusted to spread onto the fused 
clitic.



Documentation corpora: processing via transducers

• Surface-level, *me-aligned transcrip*ons are ideal for ini*al stages of 
phone*c and phonological corpus analysis.

• Phonological transducers essen*ally just apply rewrite rules to the 
transcrip*ons on an addi*onal *er (in ELAN or in Praat textgrids).

e.g.  ...in=a  > ...yã  yu3ba4=on4
  ...i=a  > ...ya  father=2S

       yu3bon4 [ju³βõ⁴]
  (palataliza*on rule)  (vowel replacement rule)
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NB: You have to know the phonology of the language to correctly apply 
the transducer to the transcription.

Assessment of the output with speakers is usually necessary.

The Yoloxóchitl Mixtec corpus required 4-6 months of work on the 
transducer (2016 – 2017) to make sure it was accurate and we already 
had a phonological grammar written (Castillo García 2007).

But we now have a 100+ hour corpus that is force aligned.
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Forced alignment is a method of automa3cally segmen3ng a corpus u3lizing a 
surface-level transcrip3on, a pronuncia3on dic3onary, and associated sound files 
(Babinski et al 2019, DiCanio et al. 2013, Johnson et al. 2018, Tang & Benne= 2019)

The goal is to create a mul3-layered speech corpus that is phonologically-annotated 
and that can be used for phone3c data analysis. How do we get there?

 a. What is the structure of the corpus?
 b. What issues arise in organizing a corpus so that one can create a
  language-specific alignment system?
 c. What are the steps in processing a corpus to create a forced 
  alignment system?
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Documentation corpora: processing via alignment



Alignment of Itunyoso Triqui (Otomanguean)
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The Itunyoso Triqui corpus
• Otomanguean:Mixtecan
• Complex segmental and tonal inventory with complex morphophonology 

related to person (DiCanio 2010, 2016, DiCanio et al 2020).
• Collected between 2014 - 2019 on an NSF DEL/DLI grant.
• Dictionary of approximately 4,000 entries.
• Approximately 29 hours of narrative and conversational speech by 34 

speakers.
• Mostly Triqui, but Spanish loanwords appear throughout the recordings.
• Trained a Triqui model using the Montreal Forced Aligner (McAuliffe et al 

2017)
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Issues to consider while aligning 
documenta3on corpora

• What is your level of transcription? (morphophonological, phonemic, 
surface phonological, phonetic)
• Many endangered language corpora are multilingual, but most 

aligners are assumed to be monolingual. How do you separate 
different languages?
• How are loanwords encoded?
• How are disfluencies encoded?
• How are elided tokens encoded?
• How are complex segments encoded?
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Encoding 
solutions in 
the Triqui 
corpus
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1. (...) marks elided speech   You don’t align these by accident.
 taj13 ki3hyaj3 nni4=(reh1) yoj3   
 like.so did mother=2S then
 'Your mother did (it) like that then.'

2. **...* marks another language  You get pron. via another dict.
 be4=nih2unj4 ku3man4 **sesenta* ni2 **sesenta y cinco* bin3
 TOP=PL.1P PERF.exist sixty and sixty five  be
 'We were (there) in (19)60 and (19)65, it was...'

3. [...] marks disfluencies   You flag these as disfluencies.
 ta1ranh3 nej3 sinj5 bin3... [ranh]
 all 3P people be ??
 '...all of them that were there'

4. Loanwords use Triqui orthography  You modify transcriptions to fit
 sa4na43  'manzana' (apple)  a single orthography.
 skwe4la43 'escuela' (school)
 mu3ni3si4pio43 ‘municipio’ (municipality)
 se3si4te43 ‘CECYTE’



The pronunciation 
dictionary

Developed from the Triqui speech corpus 
with Spanish targets taken from an 
existing Spanish pronunciation 
dictionary.

X-SAMPA (full IPA accessible)

Vowel + /ʔ, h/ rime sequences treated as 
single units, e.g. /ni3yaj3/ > n i y ah

Glottalized consonants treated as single 
units, e.g. /ni4hya43/ > n i ?j a
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Glottal stops get aligned terribly
(Data from Yoloxóchitl Mixtec)
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classes also differ in agreement. Three types of classes were
considered here: Consonantal phonological classes (e.g., stop,
fricative, nasal); vowel quality and nasalization; and tone.

1. Consonantal phonological class

Consonant data was organized into six different natural
classes: stops, fricatives, affricates, glottal stops, nasals, and
approximants, and analyzed using a linear mixed effects
model with natural class and aligner as independent varia-
bles. Neither of the main effects were significant, but agree-
ment for stops was near significance (t[56916]¼ 1.9,
p¼ 0.06). Figure 2 shows agreement for both aligners for
each consonant class and Table VII shows agreement at dif-
ferent thresholds.

A significant aligner x stop interaction occurred as well
(t[56916]¼ 3.6, p< 0.001). This reflected lower error in
agreement for stops with HMALIGN than with P2FA. In general,
stops fricatives, affricates, and approximants showed better
agreement with HMALIGN, with an average agreement of
89.0% vs 81.6% at 30 ms. This reflects an error reduction of
40.2% between aligners. Agreement was slightly better for
nasals with P2FA (92.0% at 30 ms) than with HMALIGN (89.3%
at 30 ms). This reflects an error reduction of 25.2%. Overall,
agreement was worst for glottal stops; these are considered
in more detail in Sec. III C 2.

2. Vowel quality and nasalization

Vowels were marked for quality (i, e, a, u) and for nasal-
ity (nasal or oral). While nasal vowels were not distinguished
from oral vowels during alignment, this categorization
allowed a test of whether vowel nasality affected alignment
accuracy; if collapsing across the two kinds of nasality was
indeed benign, there should be no difference in those meas-
urements. For vowel quality, agreement at start points and
endpoints was analyzed using a linear mixed effects model
with vowel quality and aligner as independent variables.
There was a significant effect of the aligner on agreement for
all vowels (t[52146]¼ 7.4, p< 0.001). For all vowels except
/i/, agreement was higher with HMALIGN than with P2FA. The
average agreement for vowels is 73.1% at 30 ms with P2FA

and 80.5% at 30 ms with HMALIGN. This reflects an error
reduction of 27.5% between aligners. A significant general
effect of vowel quality on agreement was also found for /i/
(t[52146]¼ 2.3, p< 0.05). For both aligners, agreement was
better for /i/ than for the other vowels, with the exception of
/a/ for HMALIGN. Figure 3 shows agreement for each vowel
quality for each aligner. Agreement values at different
thresholds for each aligner are given in Table VIII.

In order to examine agreement for nasal and oral vowels,
a linear mixed effects model with vowel nasality and aligner
as independent variables was run. No significant effect of

FIG. 2. Agreement for consonant classes across aligners.

TABLE VII. Agreement with hand-labeling across natural classes at
endpoints.

Threshold Stop Fricative Affricate Nasal Approximant

P2FA 10 ms 42.3% 65.6% 43.5% 65.2% 26.1%

20 ms 59.0% 91.5% 77.6% 87.4% 50.4%

30 ms 65.2% 98.3% 94.6% 92.0% 68.1%

40 ms 69.8% 99.2% 98.8% 93.2% 80.2%

50 ms 73.7% 99.3% 99.1% 94.2% 87.1%

HMALIGN 10 ms 63.1% 77.5% 77.1% 48.9% 28.3%

20 ms 78.4% 99.0% 98.8% 83.3% 53.5%

30 ms 83.6% 99.6% 99.3% 89.3% 73.3%

40 ms 87.3% 99.7% 99.8% 90.6% 86.1%

50 ms 90.2% 99.8% 100% 91.5% 91.4%
FIG. 3. Agreement for vowel qualities across aligners.
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Takeaways while building your own aligner

1. Consider your units of analysis down the line – you might not need 
to segment difficult things like vowel-vowel sequences or 
glottalization. You need not think in terms of segments.

2. Addressing encoding issues early on before you train an aligner will 
improve overall alignment of the speech signal. This reduces time 
spent manually adjusting alignment in Praat.

Questions?

19



Assume you’ve run a transducer and trained an aligner. How else can 
we add rich data to a speech corpus?

I. Praat scripts can extract syntagmatic information (adjacent 
segments, encodings) to provide contextual information.

II. Dictionaries can be accessed to match lexical entries in the corpus 
and provide grammatical information.

III. Additional scripts for syllabification. 

20

Documentation corpora: processing via additional annotation



Praat scripts 
access rich 
data

Vowel_Acoustics_for_corpus
_data_2.praat  

Extracts formant data from 
corpus data alongside 
information about adjacent 
segments, syllable 
affiliation, word position, 
etc.
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Utilize rich 
dictionaries

Flag words for content/function distinction as 
it tends to correlate with observed patterns of 
speech reduction (Gahl et al 2012).
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Func>onal factors influence dura>onal varia>on in Triqui singleton 
obstruents, but not in singleton sonorants
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Approximately 
7,000 
obstruents were 
analyzed from 
90 minutes of 
corpus data.

DiCanio & Sharp, 
submitted



Syllabifica)on of 
the speech signal

• Accomplished either via Python script or Praat script.
• Syllabifier_for_Spanish_full.zip (demo)

24



Conclusions for Part I 
(processing documentatary recordings)

1. Crea*on of segmentable corpus for alignment.
2. Alignment of corpus
3. Addi*onal annota*on of corpus

But what about the scien*fic ques*ons? (Part II)
25



Question period for Part I.

And a 15 minute break after questions
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Part II: Addressing phonetic questions with language 
 documentation corpora: case studies

1. Theoretically/typologically-motivated research
Glottalization in spontaneous speech in Itunyoso Triqui (in progress)

2. Exploratory research
Consonant reduction in Yoloxóchitl Mixtec (DiCanio et al 2022)
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2.1 GloDal stop variaFon
Glottal stops are 
frequent in the 
languages of the 
world. 

They are listed 
as allophones in 
1131/3020 
(37.5%) of the 
consonant 
inventories in 
PHOIBLE (Moran 
& McCloy 2019). 
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What qualifies as a glottal stop?

• In isolated words produced during careful speech, a glonal stop is 
ooen produced with full glonal closure.

•  What counts as full glonal closure though? 20 ms silence during 
closure? 40 ms?

• Phonological descrip*ons of languages of the world frequently focus 
on carefully-produced allophones produced in elicita*on contexts. 
This obscures observed varia*on.

(DiCanio et al 2015, 2022; DiCanio & Whalen 2015, Kea6ng & Huffman 1984, Koopmans van 
Beinum 1980)
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Variation in speech production is the norm 
regardless of phonological status
• Three major phone*c variants of glonal stops: 
• full stops [aʔa]
• non-modal phona/on – either creak or vocal fry or diplophonia [aaa̰]
• omi1ed [aː] (but do subtle intensity perturba3ons count?)

• In languages where glonal stops are unequivocally phonemes, they 
are usually just produced as non-modal phona*on and no closure, 
e.g. 
• Arapaho /ʔ/: full gloKal closure 25-27% of the 3me, omiKed 13-18% of the 

3me, non-modal phona3on 55-62% of the 3me (Whalen et al 2016).
• Hawaiian /ʔ/: full gloKal closure just 7% of the 3me, omiKed 20% of the 3me, 

non-modal phona3on 73% of the 3me (Davidson 2021).
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Variation, duration, and prosodic boundaries
• Full glottal closure occurs more often in contexts of increased duration 

whereas non-modal phonation occurs more often in shorter duration 
contexts.
• Ixcatec glottalized stops (DiCanio 2011)
• Arapaho glottal stops (Whalen et al 2016)
• Hawaiian glottal stops (Davidson 2021)

• Full glottal closure is more common at prosodic boundaries in Itunyoso 
Triqui (DiCanio 2012).

• Incomplete closure is a type of speech reduction, but it is far more common 
with glottal stops than with oral stops.
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VariaFon I

32

In Itunyoso Triqui 
(Otomanguean), medial 
glottal stops can be realized 
with complete closure 
(above)

or without complete 
closure (below)

/tʃa³ʔu¹/ 
‘barn owl / tecolote’

Both sound like they have closure, right?



VariaFon II
But medial glottal stops 
can also be realized with 
non-modal phonation 
(creak, vocal fry, 
diplophonia)

or only very subtle visible 
changes in voice quality

/ni³ʔiː³/ 
‘to know’ 
‘saber, conocer’
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Previous accounts of production variation
In the great majority of languages we have heard, glo9al stops are apt to fall 
short of complete closure, especially in intervocalic posi:ons.
 p.75, Ladefoged and Maddieson (1996) (cited in Davidson, 2021)

Also, it is not uncommon to find segments described as glo9al stops 
surfacing phone:cally in one of the following ar:culatory forms: (1) glo9al 
stops or creaky transi:ons; (2) glo9al approximants; (3) voiced laryngealized 
transi:ons between vowels. Some of the ques:ons raised by these facts are: 
if glo9al stops are not always phonemes or stops, what are they? Features? 
Suprasegmentals? Are they linked to stress or syllable boundaries? Do they 
operate at larger prosodic levels, for instance, the prosodic word or 
phonological phrase?
 p.352, Storto & Demolin (2012) (on South American languages)
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Small perturbations = “glottalization”
Speakers use small, local f0, intensity 
and H1-H2 perturba\ons as cues to the 
presence of glo]aliza\on in intervocalic 
posi\on (Gerfen & Baker 2005, 
Hillenbrand & Houde 1996).

Listeners can use even more subtle 
cues – just a 2Hz, 3dB perturba\on 
induces the percep\on of glo]aliza\on 
at >90% in Coatzospan Mixtec listeners.
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3.3.3. Results and discussion
Fig. 10 contains the labeling results for the four amplitude continua in each frequency

condition.
The phonetic boundary shifts from the 0Hz f0 continuum to the 1Hz f0 continuum are

significant, F(3, 28) ¼ 65.6, po0:0001. These statistics were determined by calculating the 50%
identification boundary individually for each of the 31 subjects for each of the four continua. We
determined the 50% identification boundary for each subject by taking a 3-data point simple
moving average. Once this moving average remained above a 50% laryngealized vowel
identification rate, we interpolated the identification boundary from within this 3-data point
window. We then ran a one-factor analysis of variance on the 31 individual identification
boundaries to test for significance against the continua.
The shift in the group identification functions can be seen by comparing the 0Hz f0 continuum

(50% identified laryngealized vowel at 4 dB) to the 1Hz continuum (50% identified laryngealized
vowel at 2.25 dB). This shift toward shallower f0 functions is not maintained for the 2 and 3Hz
continua; instead, by the time a 2Hz f0 dip is introduced, more than 50% of the subjects reported
hearing a laryngealized vowel even with a 0 dB amplitude dip. There is no significant difference
between the 2 and 3Hz f0 continua. Nevertheless, the results for the 0 and 1Hz continua show
that combining an f0 drop with an amplitude drop provides a stronger cue for laryngealization
than does the amplitude cue alone. The lack of a difference between the 2 and 3Hz conditions for
CM listeners can be attributed to the sensitivity to smaller change along the f0 dimension that CM
listeners show.

4. General discussion and conclusions

In this study, we have examined the phonetics of laryngealized vowels in CM in order to gain a
clearer understanding of the dimensions relevant to their production and perception. In our
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Why does this phonetic variation matter?
• Non-modal phonation as the primary realization of a glottal stop 

involves overlap with adjacent speech sounds, making 
segmentation/parsing particularly challenging.

• In many languages, glottalization and glottal stops have a high 
functional load, meaning that it is important for morphological 
identification.

• Acoustic landmark detection of non-modal phonation often requires 
accurate f0 estimation (e.g. spectral tilt), but it is precisely during 
non-modal phonation that one can not reliably estimate f0.
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It is important for speech but a very difficult 
thing to recognize/detect.

(see also – nasalization)
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Approach – human categorizaFon

• Several recent studies have anempted to categorize varia*on in the 
produc*on of glonal stops (Davidson 2021, Whalen et al 2016).

• Coming up with reliable inter-transcriber categories is a challenge, but 
it is also rewarding since computa*onal models can be trained on 
them.

• A DNN trained on minimal human categoriza*on of stop allophones is 
able to accurately categorize lenited stop allophones at over 90% 
accuracy (DiCanio, Chen, Benn, Amith, and Cas*llo García, 2022).
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II. Test case – Itunyoso Triqui (Otomanguean)
Otomanguean 
languages, 
spoken Southern 
Mexico, have 
contrastive 
glottalization 
and/or glottal 
stops.
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Itunyoso Triqui – about 2,500 speakers
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Tone and syllable structure

41

 Tonal classes in Itunyoso Triqui person morphology       231

Table 3: Surface tonal contrasts on di$erent rime types in monosyllables

Open syllable Coda /h/ Coda /ʔ/
Tone Word Gloss Word Gloss Word Gloss
/4/ yũ4 ‘earthquake’ yãh4 ‘dirt’ niʔ4 ‘see.1DU’
/3/ yũ3 ‘palm leaf’ yãh3 ‘paper’ tsiʔ3 ‘pulque’
/2/ ũ2 ‘nine’ tah2 ‘delicious’ ttʃiʔ2 ‘ten’
/1/ yũ1 ‘loose’ kãh1 ‘naked’ tsiʔ1 ‘sweet’
/45/ toh45 ‘forehead’
/13/ yo13 ‘fast (adj.)’ toh13 ‘a little’
/43/ ɾa43 ‘want’ nnãh43 ‘mother!’
/32/ ɾã32 ‘durable’ nnãh32 ‘cigarette’
/31/ ɾã31 ‘lightning’

Table 4: Tones on disyllabic words (from DiCanio 2008)

σ2 /4/ /3/ /2/ /1/ /43/ /32/
σ1
/4/ ku4tu4 ta4ko3 X X sna4ŋɡa43 X

‘owl’ ‘dry (tr.)’ ‘day of the dead’
/3/ ka3to4 ta3kã3 tʃi3nũ2 ku3 t su1 ka3sti43 ti3ni32

‘shirt’ ‘hill’ ‘bat’ ‘rotten’ ‘oil’ ‘nopal cactus’
/2/ X ya2ko3 ru2ku2 X X ka2mi32

‘poor’ ‘behind’ ‘car’
/1/ X ta1mã3 X ku1nu1 X X

‘bug’ ‘deep’

only be preceded by tones /2/ or /3/. Tone /3/ may be preceded by any of the level
tones and tone /1/ only by tones /3/ or /1/. Note that tone /31/ does not occur in
polysyllabic words. Each of these patterns holds regardless of whether there is a
coda /h/ or /ʔ/ on the "nal syllable.

Table 5 shows the tonal patternswhich surface ondisyllabicwordswith a"nal
glottal consonant. With the exception of tone /45/, no contour tone may surface
on a closed syllable in a polysyllabic word. Note that tone /1.3/ does not surface on
words with a coda /ʔ/. Importantly, what both Tables 4 and 5 show is that tones
/4/, /43/, and /45/ never co-occur with tones /2/, /1/, /32/, and /13/ on unin#ected
IT words.

Contour tones do not 
occur before a coda /ʔ/, 
but otherwise, tone and 
glottal consonants are 
orthogonal.

All syllables are open in non-final syllables, but two glottal consonant 
codas are possible in final syllables. There are nine lexical tones.



Glottal features in Itunyoso Triqui
Phonemic glottal stops occur
• intervocalically as onsets of root-final syllables, e.g. [ɾã³ʔãː³] ‘mushroom’

• in codas of root-final syllables, e.g. [ɾãʔ³] ‘to happen’
 
Pre-glottalized sonorants occur

• in word-initial position of monosyllables, e.g. [ˀnĩɦ³²] ‘to hold up’ 
       [nĩɦ³²] ‘to fall down’

• intervocalically as onsets of root-final syllables, e.g. [ba¹ˀnĩ³] ‘three of them’
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Previous phonetic research

• Intervocalic glonal stops are more rarely produced with full stop 
closure than coda glonal stops (DiCanio 2012).

• Vowels preceding a coda glonal consonant are much shorter than 
vowels in open syllables and listeners rely on vowel dura*on to as a 
cue for coda glonaliza*on (DiCanio 2012, 2014).

• Addi*onal acous*c cues to glonaliza*on include corrected spectral 
slope measures like H1-H2, H1-A3 (DiCanio 2012).
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Lenited vs. non-lenited glottal stops

44

words for each phonological context partly reflect the way target
words were collected during fieldwork, but are also a conse-
quence of each context having fewer contrastive tones. Only three
tones are contrastive before a coda /</, while 7 are contrastive in
open syllables or before a coda /h/. Thus, due to the phonological
restrictions on which tones are allowed to occur in different
contexts, only the three level tones are comparable across
contexts.

One stimulus had to be discarded from the /Vh/ syllable
condition as not all speakers were familiar with the elicited word.
This word was a specific lexical item /kw:eh3/ ‘pus’. Most speakers
use the more general word /lo3<loh3/ ‘mucus.’ Furthermore, upon
further investigation, the elicited tokens in the tone /4/ þ coda
/</ context were mislabelled examples of tone /3/ þ coda /</.
Thus, no examples from the former context were examined.

Final syllable rimes from words in natural carrier sentences
were examined. Given the nature of the fieldwork context, it was
preferable to provide natural contexts for each of the words rather
than unnatural contexts like ‘‘Say ___ again.’’ Therefore, some of
the carrier sentences differed. Most of the target words were
nouns, which appeared in the carrier sentence /ni4<ja43___ n~a3/,
see.1sg ___ here/this, I see ___ here. The carrier sentence used for
verbs or adjectives was /a3kwa4ni43___ n~a3/, today ___ here/this,
Today ___ this. While the carrier sentence used for adjectives and
verbs was different from that which was used with nouns, the
phonological context surrounding the target word was similar. In
each case, the word following the target was identical and the tone
preceding the target was identical, /43/, produced on an open
syllable. The tones adjacent to the target were kept consistent to
control for any tone–tone coarticulatory F0 effects. Each carrier
sentence was repeated 6 times for a total of 492 word repetitions

per speaker. Sentences produced with disfluencies were discarded
and not analyzed.

2.2. Speakers and data collection

Eight speakers were recruited for the investigations, four
female, four male. Six speakers were between the ages of 18
and 26. One male speaker, (C), was 35 years old at the time of
recording. Another female speaker, (G), was 56 years old. All
participants were native, fluent speakers of Itunyoso Trique who
were raised in San Martı́n Itunyoso. No participant reported
having a history of speech or hearing disorders. Upon examining
the data, two speakers recordings were eliminated (G and R). The
recordings of these speakers had exceptionally low amplitude and
contained substantial background noise (rain on a corrugated
roof). Only six of the original eight speakers’ data was used.

All speakers were native speakers of Trique with no history of
speech or hearing disorders. All but one speaker were fully
bilingual in Spanish. At the time of recording, there was no
established orthography in the language.3 Carrier sentences were
read aloud by the author or by the author’s main consultant as a
verbal prompt to the speaker. The verbal prompt contained the
target word in the carrier sentence. Speakers were asked to repeat
this prompt five times. For seven of the speakers, recording took
place in a quiet room in a house located in San Martı́n Itunyoso in
Oaxaca, Mexico. The remaining speaker was recorded in his home
in the central valley of California, USA.

Table 2
Tones in context of intervocalic /</.

s2 /4/ /3/ /2/ /1/ /43/ /32/ /45/

s1

/4/ j~a4<~ah4 j~a4<~ah3 " " ru4kwi4<i43 " "
guitar god peach

/3/ j~a3<~a4 ja3<a3 s~a3<~ah2 k~a3<~a1 " j~a3<~a32 jo4<oh5

to be hot brush money breath light, fire land, dirt
/2/ " j~a2<~a3 ta2<ah2 " " " "

to be hot half (adj.)
(outside)

/1/ " k~a1<~a3 " na1<ah1 " " "
four shame

n e e h e

Fig. 2. Intervocalic /</ in word /ne3<eh3/ ‘baby’ (left); Coda /</ in word /n7e<3/ ‘straw rope’ (right). Both words were extracted from carrier sentences. Long duration of
glottal closure is typical of coda glottalization.

3 See DiCanio and Cruz Martı́nez (2010) for a recent development of the
orthography.

C.T. DiCanio / Journal of Phonetics 40 (2012) 162–176 165

ne³ʔeɦ³ ‘child’ nneʔ³ ‘straw rope’
Figures from DiCanio (2012)



Glottalization and tone 
• Glonaliza*on perturbs f0 targets. This predicts that for languages 

where f0 is also contras*ve, tone and glonal targets may be *med so 
as to prevent acous*c overlap and maintain tonal recoverability 
(Silverman 1997).
• Caveat – linguists are likely to transcribe glonaliza*on as [ʔ] ~ [ˀ]. 

Transcrip*onal prac*ce biases phonological accounts to assume 
separability, i.e. if it’s transcribed as [ʔ] instead of [a̰], it must always 
be a stop, right?
• For Triqui, prosodic posi*on appears to play a more important role in 

glonal stop realiza*on than tone.
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III. Categorization

• Human categorization of allophony in running speech is useful not 
only for descriptive/empirical purposes but also for the construction 
of predictive models trained on the acoustics.

• Arapaho classification of glottal stop realizations (Whalen et al 2016)
Full glottal stop
Creaky phonation.
Creaky phonation with local glottalization.
No glottalization.
“Problematic” (hard to classify)
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CategorizaFon of Triqui gloDal stops
• What does the variation in Triqui spontaneous speech look like?

• The Itunyoso Triqui documentation corpus contains about 30 hours of 
transcribed recordings.

• Results from the initial categorization of some of the hand-corrected 
portion of the aligned corpus, done by three categorizers: Christian 
DiCanio (UB), Richard Hatcher (Hanyang U.), and Lisa Davidson (NYU)
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Methods
We used a 
categoriza*on script 
wrinen for Praat that 
allows users to 
visually examine an 
annotated por*on of 
the speech signal, 
click the qualita*ve 
judgment, and then 
proceed to the next 
annota*on.
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Spontaneous speech sample

• We examined the text “Derechos de Mujeres Triquis” - a 14 minute 15 
second conversation between two women (who speak somewhat 
quickly).
• There were 604 glottal stops in the recording.
• Five categories were used:

1. Glottal stop (closure at least 20 ms)
2. Aperiodic – some clear loss of periodicity
3. Perturbation – periodic but with some intensity/f0 dip
4. Modal – periodic with no apparent change in intensity/f0
5. Unsure
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Perturbation 

50

Increased shimmer in produc6on

ta³koʔ¹ ‘hangs’



Inter-categorizer reliability

Richard and Christian – 70.8% agreement
 Christian and Lisa – 69.4% agreement
 Lisa and Richard – 67.5% agreement

Most of the disagreement was between the categories “aperiodic” and 
“perturbation.” If we merge these categories, we agree more often.

 Richard and Christian – 84.3% agreement
 Christian and Lisa – 77.0% agreement
 Lisa and Richard – 76.3% agreement
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Our categorizaFons
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How often is a glottal stop a stop? Rarely.

Realization Frequency across categorizers

Glottal stop 5.1 – 7.1%

Aperiodic 35.2 – 48.7%

Perturbation 12.4 – 27.5%

Modal 24.6 – 35.9%

Unsure 2.8 – 4.8%
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Prosodic influence on production

• 28-40 realizations of the complete glottal stops occurred in root-final 
position, but none occurred in intervocalic position.

• This finding mirrors past work suggesting that prosodic position plays 
a role in the realization of glottal stops (cf. Davidson 2021).
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Does the presence of tonal contrast matter?

• The propor*on of glonal stop realiza*ons (5-7%) is very close to 
values reported for Hawaiian (Davidson 2021).

• Hawaiian is non-tonal and Itunyoso Triqui is heavily tonal.

• The degree to which glonal stops are realized as non-modal 
phona*on seems to independent from whether they may influence 
tone, contra Silverman (1997).
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2.1 Findings – corpus phonetics

• U*lized human categoriza*on of groupings via a Praat script.

• Phone*c varia*on does not always have to be captured via 
con*nuous phone*c measurements; it is possible to quickly mark 
variants.

• Typologically-mo*vated research ques*on addressed with a 
documenta*on corpus.
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Questions?
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2.2 Exploratory phone=c research with documenta=on 
corpora (DiCanio et al 2022)

• Yoloxóchitl Mixtec (Otomanguean: Mixtecan) is an endangered 
language spoken in Guerrero, Mexico.
• Large-scale language documentation project (Amith and Castillo 

García, no date).
• Roughly 100+ hours of recordings that have been transcribed, 

transduced, and force-aligned.
• Complex tone language with a noticeable pattern of obstruent 

reduction.
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Why are the obstruents pronounced so differently in these sentences? 
[ti¹kĩ¹ĩ⁴ i³ja⁴ tu³ku⁴ rã⁴] (left) vs. [ti¹kĩ¹ĩ⁴ i³ja⁴ tu³ku⁴ rã⁴] (right) 
‘...the sour tamale again, then.’
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Obstruent reduction

Relative to carefully-produced speech, an obstruent is produced with reduced 
spatial excursion of articulators and reduced constriction degree. 

Reduced obstruents are shorter than carefully-produced ones (Lavoie, 2001; Parrell 
and Narayanan, 2018)

Reduced voiceless obstruents may undergo a process of passive voicing (Beckman 
et al., 2013; Davidson, 2018; DiCanio, 2012; Schwarz et al., 2019, Stevens, 2000; 
Westbury and Keating, 1986). 
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But no reducFon in elicited speech!

• DiCanio et al. (2020) did not find much lenition of obstruents in 
careful speech. Stop closure was found for all speakers.
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Figure 7 Stop component duration across speakers.

3.2.2 Formant trajectories
Formant transitions between the stop and the following vowel are shown in Figure 8.
Analyzing the effect of STOP POA on formant values, a significant main effect was found
for F1 (F(3, 21) = 25.7, p < .001), F2 (F(3, 21) = 20.5, p < .001), and F3 (F(3, 21) = 3.4,
p < .05). A post-hoc Tukey’s HSD test was applied to each of these models to evaluate which
place of articulation had greatest influence on formant transitions. While all stops had signif-
icantly different F1 values from each other, the largest significant comparison was between
the labialized velar stop and the remaining stops. The same pattern was found for F2. The
largest significant comparison for F3 was between both labial stops ([p] and [kW]) and the
non-labial stops. In Figure 8 the robust pattern for the labialized velar stop is not only visible
early in the acoustic transition between the stop and the following vowel, but occurs long
into the vowel’s production. The lowered F2 values following [kW] suggest that the following
vowel undergoes significant retraction in this context.
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Figure 8 Stop–Vowel Formant Transitions.
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What is behind this leniFon?
Possible factors:
• prosody/stress – perhaps the onset of the final (stressed) syllable is not 

reduced but all other obstruents are reduced
• stop type – perhaps some obstruents are more likely to lenite

But this would be rather odd – because of final stress there would be 
more reduction in word-initial position than in word-medial position.

Exploratory study using (a) categorical measures of lenition and (b) 
continuous measures of lenition/reduction
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Consonant inventory – no voicing contrast336 Christian T. DiCanio, Caicai Zhang, Douglas H. Whalen & Rey Castillo García

Table 1 Yoloxóchitl Mixtec consonant inventory.

Bilabial Dental Alveolar Post- Palatal Velar Labialized
alveolar velar

Plosive p t5 k kW
Pre-nasalized (mb) (^d) Ng
plosive

Affricate tS
Nasal m n
Tap (R)
Fricative s5 S (x)
Approximant B j
Lateral approximant l

2005, and Herrera Zendejas 2009), there are no studies examining the phonetics of Mixtec
consonants.4

1.2 Phonological inventory
There are only 14 consonant segments in Yoloxóchitl Mixtec, shown in Table 1. Two seg-
ments appear in parentheses (/mb ^d/). We argue in Section 5.1 that these are not phonemic in
the language, but allophonic. They are included in Table 1 because they are extremely com-
mon allophones and appear in a number of examples throughout the paper. The glottal stop is
not included in the consonant inventory either. The dental fricative is represented as /s5 / and
not as /T/, since the sound is always strictly post-dental (and not interdental) in Yoloxóchitl
Mixtec and, to our ears, more similar to /s/ in other languages than it is to /T/. Glottalization
is phonologically-contrastive and considered to be a couplet/foot-level autosegmental fea-
ture (see below) which obligatorily occurs either intervocalically in monosyllabic words, e.g.
/^do/1o4/ ‘basket’, or preceding a medial voiced consonant, e.g. /ja/1Bi3/ ‘market, price’ in
disyllabic words. In our transcriptions, tone is written as a superscript number, where /1/ is
low and /4/ is high.

While the focus of the current study is not a comprehensive phonological description of
Yoloxóchitl Mixtec consonants, a few patterns are worthy of mention here. First, like most
Mixtec languages, Yoloxóchitl Mixtec has (C)V(V) syllable structure, though utterance-
initial words without an onset receive an obligatory and predictable [/] onset. No consonant
clusters or codas are permitted. Second, as in many other Oto-Manguean languages, bilabial
plosives (prenasalized or voiceless unaspirated) are quite rare in Yoloxóchitl Mixtec. Third,
the alveolar tap /R/ occurs only in a few functional morphemes, such as the 3rd person
masculine enclitic /=Ra3/ and the discourse particle indicating agreement, /R;4/. Fourth, the
vowel system is relatively simple in Yoloxóchitl Mixtec. There is a system of five vowels,
each of which may be contrastively nasal or oral, shown in Table 2. The vowel system is
explored in DiCanio et al. (2015).

The feature for which Yoloxóchitl Mixtec differs most from certain other Mixtec
languages is in word-level constraints on phonological structure. In his early work on
Mixtec, Kenneth Pike argued that the grammar of Mixtec as a whole is best understood
with reference to a unit called the COUPLET (Pike 1944). A couplet is a phonological unit

4 Moreover, given the extensive diversity of the Mixtec family, there is perhaps an inappropriate tendency
to generalize the findings from work on specific dialects to other variants simply due to the shared use
of the name Mixtec.
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Most roots are composed 
of bimoraic feet (CVV or 
CVCV) with op6onal 
aspectual prefixes on 
verbs. 

The final syllable of roots 
is stressed, realized via 
distribu6onal asymmetries 
in the phonology and 
consonant lengthening 
(DiCanio et al., 2020). 



Corpus and methods

• Corpus of 6 speakers (3 male, 3 female) producing spontaneous 
narratives in YM, totalling 86 minutes.
• Analysis of duration, spirantization, and percentage of voicing during 

constriction/closure for /t, k, kʷ, s, ʃ, tʃ/. 
• A total of 7923 segments were analyzed. 
• Hand-labelling of corpus was done in a previous study (DiCanio et al., 

2015), but words here were coded by stem position (initial, medial, 
final syllable), and word size (monosyllabic, disyllabic, polysyllabic). 
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A general pattern of lengthening in stressed 
onsets (final σ) in polysyllabic words
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This corresponds with more passive voicing in 
unstressed syllables.
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And there is more reduc>on in word-ini>al posi>on of disyllabic words 
than in word-medial posi>on
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Lenition is 
more common 
in word-initial 
(unstressed) 
position than 
in word-medial 
(stressed) 
position.
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Discussion

• Obstruents in YM are frequently lenited. 
• Voicing lenition and spirantization realizations were more frequent in 

word-medial (stressed syllables) than in non-final syllables (regardless 
of word position).
• Patterns of lenition largely follow durational differences within the 

word. 

• An exception to intervocalic spirantization?
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• Word prosodic patterns on consonant production may be stronger 
than patterns related just to word position. 

• Stem-final stress is fairly common in the world’s languages. Among 
languages with phonologically-predictable stress, between 18% - 31% 
have stem-final stress (depending on the typological survey) (Gordon, 
2016). 

• No work discussing initial strengthening has examined languages with 
final stress.
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Might morphology matter?

• Yoloxóchitl Mixtec has only prefixal inflec\onal morphology on verbs, 
historical deriva\onal prefixes on nouns, and pronominal encli\cs which 
can freely apply to most parts of speech (Cas\llo García, 2007). 

• This pa]erning is common among Otomanguean languages (Beam de 
Azcona, 2004; Campbell, 2014; DiCanio, 2016; Macaulay, 1996). 

• If the goal of word-ini\al strengthening is to ensure reliable cues to word 
segmenta\on (Katz and Fricke, 2018; White et al., 2020), ideally speakers 
should ensure clear acous\c or ar\culatory cues in the ini\al por\on of 
words which happens to be co-extensive with a lexical stem. 
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• The ini*al por*on of Yoloxóchitl Mixtec words is not coextensive with 
the stem though, which might explain why we find reduc*on here.

• More to explore!
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General 
discussion: 
corpus 
phonetics and 
language 
documentation The development of a corpus for analytical purposes is not 

equivalent to just taking the documentation corpus "off the shelf.” 

Very few archives are ready like this.
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Pre-processing the 
documentation corpus

Pre-processing of the corpus is not 
insurmountable, but knowledge of both 
the corpus and the language is usually 
also necessary. 

Collaborate with fieldworkers and 
communiQes if you wish to use archival 
materials!
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Consider mul)ple 
approaches to 
data analysis!

• Phonological variation coding 
(categorical)

• Utilize scripts which provide you 
with contextual information from 
the corpus.

• Utilize additional scripts which 
enhance the richness of the 
corpus data (because it is already 
quite rich)
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