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Introduction/Alignment

Applying an aligner for phonetic purposes

Endangered language corpora are the most useful for linguistic analysis
when we can easily extract linguistic data from them.

Computational tools such as forced alignment allow us to more easily
segment existing recordings.

Segmentation allows us to automatically extract word and speech
sounds for phonetic and phonological research.
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Introduction/Alignment

What is a segmented corpus?
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Introduction/Alignment

What can you do once your corpus is segmented?

1 Easily extract recordings of words/sentences that can be included in a
speaking dictionary.

2 Easily find out how rare or obscure words are pronounced.

3 Study how the pronunciation of words or morphemes changes across
contexts and speakers.

4 Examine how certain sounds are produced for phonetic research.
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Arapaho phonetics

Vowel production in Arapaho

Our goal here was to examine how short and long vowels in Arapaho
were produced in both elicited speech and narrative speech.

While there are also extra long vowels in Arapaho, these are rather
infrequent in texts and we did not analyze them here.

This task was aided by forced alignment, which was used for the initial
segmentation of the narrative corpus.
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Arapaho phonetics

Why study Arapaho vowels?

Arapaho, like many Algonquian languages, has a series of short and
long vowels. How are these pronounced in different contexts?

Languages vary in how vowel length is phonetically realized. In some
languages, short vowels are reduced compared to long vowels, as in
Western Apache (Gordon et al., 2001) and Creek (Johnson and
Martin, 2001).

However, languages differ in just which vowel qualities are reduced and
in some, like Ndumbea (Gordon and Maddieson, 1999) and Norwegian
(Behne et al., 1996), no reduction is found.

Is Arapaho more like Creek in this regard or more like Norwegian?
What about vowels in running speech?
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Arapaho phonetics

Vowel quality and quantity

“As against their short counterparts, the long high vowels are closer
and tenser.” (Salzman, 1956, 53).

“When the vowels occur long, they show changes in quality as well as
quantity. In particular, /ii/ and /uu/ have values approaching [i] and
[u].” (Cowell and Moss Sr., 2008, 13).

Neither Salzman nor Cowell & Moss mention any quality difference
among low vowels. Impressionistically, low vowels seem to differ in
quality too, e.g. [E] vs. [æ:], [2] vs. [O:].
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Arapaho phonetics

Typically, the expectation is that when vowels are shorter, speakers
lack the duration to reach a vowel target. This is called vowel
undershoot (Lindblom, 1963). Over time, these patterns become part
of the phonology of a language, so vowels of different quantity also
differ in quality.
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Arapaho phonetics

Arapaho vowels

Bilabial Interdental Alveolar Post-alveolar Palatal Velar Glottal

Stop b t k P (’)
A↵ricate tS (c)
Nasal n (n)
Fricative T (3) s x h
Approximant w j (y)

Front Back
High I (i) U (u)

i (ii) u (uu)
Low E (e) O (o)

EE (ee) OO (oo)

Diphthongs eI (ei) oU (ou)
Ië (io) aI (oe)

1
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Arapaho phonetics

Examples

Length Word Gloss Word Gloss
short his ‘liver’ hÓTOP ‘star’
long ńı́ıs ‘two’ hOhÓÓt ‘tree’
short hET ‘dog’ TOOnoÚhut ‘He’s lazy.’
long tSÉET ‘accidentally’ tOPúút ‘hammer’

In addition to length, these vowels seem to be different in quality too.
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Arapaho phonetics

Method

Corpus consisted of elicited data (6 hours) to narrative data (1 hour,
36 minutes). A subset consisting of four speakers’ data was used.

A total of 12,426 vowels were analyzed.

Used forced alignment for initial segmentation of narrative speech.
This tool allows us to automatically segment the corpus with
transcriptions.

Hand-correction of the forced alignment was done for the narrative
speech data. Hand-labelling was done for the elicited speech.

Labeled vowels and analyzed formant values on vowels of different
lengths using a script written for Praat (Boersma and Weenink, 2013).
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Arapaho phonetics

Results: duration

Across speech style, long vowels are more than twice as long as short
vowels.
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Arapaho phonetics

Results: duration

Long vowels are shorter when produced in narrative, running, speech, than
when produced in elicited speech.

Short Long
Elicited 71 ms 176 ms
Narrative 65 ms 152 ms

It is fairly typical for vowels to be shorter in running speech than in elicited
speech. This duration compression only significantly affects the long vowels
here.
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Arapaho phonetics

Results: Length and quality
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Arapaho phonetics

Results: Length and quality

All short vowels are reduced compared to long vowels, but the back
vowel ‘o’ /O/ is not reduced as much as the others.

Even though the duration of long vowels changes across speech styles,
their quality stays the same.

Yet, while the duration of short vowels is similar across speech styles,
their quality changes more across speech styles; short vowels undergo
more reduction in narratives than in elicited speech.

The acoustic distance (measured in formants) between long and short
vowels is greater in narrative speech than in elicited speech.
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Arapaho phonetics

Discussion

Findings fit with the more general notion that short vowels are
centralized, or undershot, while long vowels are more peripheral in the
vowel space. Arapaho is more like Creek than Norwegian in this
regard.

While Arapaho vowels clearly contrast in vowel length, it appears that
vowel quality is emphasized more in narrative speech than in elicited
speech.

Since narrative speech tends to be faster than elicited speech, this
observation appears to be a case of phonetic compensation. As speech
rate increases, speakers and listeners may rely more on the quality of
the vowels than just their duration.
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Arapaho phonetics

Conclusions

The relationship between vowel length and quality holds up across
different speech styles, but it is stronger in narrative speech.

When teaching Arapaho pronunciation, one must both emphasize the
duration of the vowels and their differences in quality. Quality may be
more important in natural, connected speech.

While forced alignment saved time in the segmentation of Arapaho
speech here, its use was also revealing.

1 It was not useful for the elicited speech, as the English here was not
transcribed.

2 Substantial human correction of alignment was still needed for
narrative speech because of the mismatch between the transcription
and the surface forms.
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Arapaho phonetics
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