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MEASURING VARIATION IN CENTRAL PAME VOWELS

Borja Herce, Catalina Torres
University of Zurich

ABSTRACT

Central Pame (cent2145), also known by its
endonym Xi’iui, is a threatened Otomanguean
language spoken in central Mexico. An earlier
impressionistic account described Central Pame
as having an asymmetric 5-vowel system with
one more front than back vowels. This study
examines a set of monophthongal, oral vowels in
the language. We explore the acoustic phonetic
characteristics in different speakers who are
bilingual (with Spanish). Results confirm that
five vowel qualities can be determined
acoustically. Results show three front /i, e, €/, one
central vowel /e/ and one back vowel /o/. We
find that the realisations of the front vowel /e/
differ between speakers, with young female
speakers showing a more fronted vowel. The
evidence suggests a vowel chain shift is taking
place in front vowels.

Keywords: Otomanguean, under-documented
languages, language contact

1. INTRODUCTION

Central Pame (Oto-Pamean, Otomanguean,
cent2145), also known by its endonym Xi’iui, is
a language spoken by around 3000 people in and
around Santa Maria Acapulco, in the southern
part of the Mexican state of San Luis Potosi. The
language was first documented via the work of
SIL linguists/missionaries in the 1950s [1], [2],
[3], [4]. The description of the language’s
phonology by Gibson [5] remains the most
thorough source available to date. For all its
virtues, this description is of necessity dated in its
methods, as it described the state of the language
70 years ago. In addition, notable recent changes
have been reported in neighbouring related
languages [6]. Impressionistic field work
observations suggest that front Central Pame
vowels may be changing as well.
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1.1 Central Pame Vowels

The vowel system of Central Pame was
described as an asymmetric 5-phoneme one
consisting of four front /i, e, €, a/, and one back
vowel /o/ [5]. The instantiations and allophonic
ranges of the phonemes were impressionistically
described as /i/~/1/, V/~/¢/, le/~/&/, /a/, and /v/
~/u/~/o/~/o/ respectively. No phonemic
distinction between different back vowels was
reported despite the wide allophonic domain.
Additionally, inter-speaker variation was
reported regarding the quality of vowels /i/, /e/,
and /e/ in certain words. Additionally, /i/ was
described as alternating quite freely with a
diphthong /ei/. All vowels were reported to occur
phonemically as either oral or nasal, as well as
stressed and unstressed. According to [5], no
phonemic vowel length exists in the language.

Neighbouring related languages have been
described to be relatively similar to Central
Pame. Some descriptions of the closest-related
one, Northern Pame [7], report a 6-vowel
inventory (essentially the one described for
Central Pame by [5] plus an additional innovative
phoneme /o/), while others [8] find an additional
phonemic distinction between /u/ and /o/. For
more distantly related Chichimec, [6] also finds
7 vowels (and a contrast between /o/ and /u/) in
the speech of the oldest speakers, but increasing
evidence for mergers (of /¢/ with /e/, and /o/ with
/u/) in the speech of younger speakers more
heavily influenced by Spanish. Some of these
disagreements and/or findings in related
languages highlight uncertainties and points of
controversy that also exist in Central Pame. More
recent (but much less thorough) accounts of the
vowel system of the language, thus, differ from
the one in [5]. Accounts in [9] and [10] for
example, consider that some words have an
invariably /o/ or /u/-like pronunciation of the
back vowel, which might point towards a
(marginal) phonemic distinction between two
different back vowels.

Considering observations on neighbouring
languages and the lack of phonetic acoustic
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investigations in Central Pame, this study sets out
to investigate its vowel system acoustically.
Additionally, we examine whether, as reports for
Chichimec [6], there is evidence for a potential
merger of /e/ and /e/, or other changes to front
vowels.

2. METHODS
2.1 Data collection

Fieldwork was conducted in the communities
of Santa Maria Acapulco and the neighbouring
La Parada in 2022. Recordings were performed
through an HIn Zoom sound recorder at a 48kHz
sampling rate. They were performed indoors and
in a quiet location of the respective communities.
This study is based on data from 6 speakers (4f,
2m) between the ages of 18 and 31.

2.2 Materials

In consultation with native speakers of Central
Pame we elaborated a list of 80 target words,
which were designed to represent all possible
combinations of stress-tone and vowel qualities.
An elicitation paradigm was used to prompt
participants to utter the selected words in carrier
sentences in a naturalistic setting (a market where
different objects, animals, etc. are sold).
Speakers where exposed to visual stimuli
consisting of images, and Spanish translations for
clarity.

2.3 Data processing

Sound files were manually transcribed, and
force aligned in WebMAUS, using a parameter
model based on SAMPA [11]. Phonetic
alignment was manually corrected in Praat [12].
A hierarchical database was build using the EMU
Speech Database Management system [13].
Utterances containing disfluencies or failing to
elicit the intended target word were discarded.
Acoustic measures for the first and second
formants were taken at vowel mid-point using the
emuR [14] package in R [15]. This study
examines vowel tokens in stressed syllables,
from a subset of 21 target words. These were
selected to avoid coarticulation effects on the
vowels due to adjacent liquid, nasal, or
approximant consonants. Outliers that could be
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linked to tracking errors were removed. The final
dataset contains 339 vowel tokens.

2.4 Statistical analysis

Measurements for F1 and F2 were Lobanov
normalised and these values were used in the
vowel plots made with phonR [16]. We use the
Pillai-Bartlett Trace (Pillai score) to measure a
potential merger between vowel pairs. The Pillai
score is well suited to compare between speaker
differences, capture the degree of overlap or
distance between vowel categories, and analyse a
small number of tokens [17]. Pillai score values
range from O to 1 whereby values closer to 0
indicate more overlap and 1 means complete
separation in the FI/F2 space. To further
investigate F1 and F2 we used ImerTest [18] and
computed two linear mixed effects models with
vowel and sex as fixed factors and participant
and word as random intercepts. To examine
speaker-specific differences, we carried out
additional models with participant as fixed factor
and word as random intercept. We also carried
out pairwise comparisons using emmeans [19].

3. RESULTS

Figure 1 shows ellipses of the five Central Pame
vowels for female and male speakers. The plots
show some degree of overlap between /i/, /e/, and
/e/ while the /e/ and /o/ vowels are more clearly
separated in the vowel space. Table 1
summarises the Pillai scores and statistical
significance obtained. The results show that for
all speakers the vowels /e/ and /¢/ are separate,
although the separation is less strong in male
speakers. These results are statistically
significant, thus opposing the possibility of a
vowel merger between /e/ and /¢/. Additionally,
we find that /e/ and /e/ are also clearly separate
for all speakers, which is also confirmed by the
statistical significance obtained. Although the
scores of three speakers (Fe3, Fe4, M2) suggest
a (near) merger between /i/ and /e/, we find that
the results for speakers Fel and M1 show a clear
(i.e. statistically significant) separation between
/e/ and /i/. Results of the linear mixed effects
models confirm that most vowels differ on the F1
and F2 plan. We will report on relevant pairwise
comparisons to focus on the vowels of interest.
Figure 2 shows the normalized F1 values for five
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Central Pame vowels. Plots indicate that for the
vowel /i/ speakers vary on the F1 plan, and male
speakers display lower values than females.
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Figure 1: Lobanov normalised F1 and F2 values at
midpoints of female (left) vs male (right) speakers.

Results of a model investigating F1 confirms
that vowels differ. The pairwise comparisons
reveal that /e/ and /e/ (B = -106, p <.009) as well
as /e/ and /i/ (p = -120, p < .003) are separate.
However, it appears that this cannot be
confirmed for /i/ and /e/ (B =-14, p <.9 (n.s)). As
Figure 1 shows, it appears that /i/, /e/, and /o/ are
realised at a comparable height. Comparison
between these vowels do not confirm a
statistically significant difference.

/el vs [/ /el vs e/ /i/ vs /el
Fel | 0.958 0.932 0.756
(p<.0001) | (p<.0001) | (p<.0008)
Fe2 | 0.968 0.743 0.315
(p<.0001) | (p<.0001) | (n.s)
Fe3 | 0.781 0.870 0.062
(p<.0001) | (p<.0001) | (n.s)
Fed | 0.778 0.865 0.152
(p<.0001) | (p<.0001) | (n.s)
M1 | 0.552 0.868 0.430
(p<.0001) | (p<.0001) | (p<.0001)
M2 | 0.387 0.934 0.078
(p<.0001) | (p<.0001) | (n.s)

Table 1: Pillai scores for speakers of different sex,
statistical significance is given in parentheses.
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Figure 2: Boxplots of Lobanov normalised F1 values for
five vowels in female (left) and male speakers (right).

Results of the model investigating F2 show a
contrast between a front and a central vowel (¢ vs
a: p =493, p <.002). Figure 3 shows the vowel
/e/ displays a high degree of variability,
especially for female speakers. Similarly, values
for /o/ show high variance for female and male
speakers. Our statistical investigation of F2
reveals that the front vowels /e/, /i/ and /¢/ do not
differ significantly (i vs e: B =54, p <.9 (n.s)).
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Figure 3: Boxplots of Lobanov normalised F2 values for
five vowels in female (left) and male speakers (right).

Figure 4 shows the ellipses of /e/ vowel tokens
for female speakers. Speakers Fe2, Fe3, and Fe4
show a high degree of fronting. Instead, speaker
Fel realises the /e/ vowel further to the back in a
less frontal position. A model that investigates
speaker specific differences for F2 finds that
speaker Fel significantly differs from all other
female speakers (Fel vs Fe2: f = -1019, p <
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.0001). We find that the two male speakers do not
differ significantly. We performed the same
model to investigate F1 and find a significant
difference between the male speakers (M1 vs
M2: B =-73, p <.002), although the difference is
of smaller magnitude. The pairwise comparisons
did not yield a speaker-specific significant
difference for F1 in females.
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Figure 4: Lobanov normalised F1 and F2 values at
midpoints of female /e/ vowels.

4. DISCUSSION

Our investigation of Central Pame confirms a
five vowel inventory that can be determined
acoustically. Our description of monophthongal
oral vowels finds evidence for three front vowels
/i, e, ¢/, one central vowel that may be best
characterised as /e/, and one back vowel /o/. We
find evidence that speakers vary in the realisation
of front vowels, especially of the vowel /e/. In
contrast to the related language Chichimec, we
do not find any evidence for a vowel merger
between /e/ and /e/. Although male speakers
seem to produce /e/ and /¢/ with a stronger degree
of overlap, whereas female speakers clearly
separate the two. Interestingly, statistical models
investigating F1 and F2 find no statistically
significant difference between /e/ and /i/. For the
vowel /e/ we find speaker-specific differences in
F2 in the female speakers and for F1 for the male
speakers, showing that this vowel may be
realised variably. Thus, we find that the older
speakers (Fel 31 years; M1 29 years) are
different from younger speakers (18-23 years).
We find increased F2 values confirming that
young female speakers show a stronger degree of
fronting of /e/. We speculate that this realisation
could be related to some (to us unknown)
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sociolinguistic factors or possibly to age, since
older speakers appear to display different
patterns from younger speakers. The data
suggests a chain shift might be taking place in the
language’s front vowels. Similar to the Great
Vowel Shift in 15" ¢. in English [20], front
vowels appear to have become more closed, and
may diphthongise when they cannot become
more closed (i.e. /e/>/e/, le/>/1/, /i/>/ei/) although
this remains to be explored in future research
with older speakers. Regarding F1 the vowel /o/
appears to be at a similar height as /e/ and /i/.
However, some degree of variability is visible in
the F2 values which could be indicative of a more
central /u/, possibly /e/ or back realisation /o/.
The extent to which the /o/ vowel is influenced
by lexical or sociolinguistic factors goes beyond
the scope of this study and remains to be explored
in future work.

5. CONCLUSION

This study presents the first acoustic phonetic
analysis of the Central Pame vowel system. We
find evidence for a five vowel system /e, 1, €, ®,
o/. Our data suggest a sound change in progress
by which the front vowel /e/ is being fronted and
raised. Possibly, this shift could be affecting the
phonetic specification of other vowels in the
inventory (/i/ and /e/) which will be examined in
greater detail in future work. With respect to (the)
back vowel(s), although the absence of native
minimal pairs suggests that the language has a
single back vowel phoneme, the values for F2 are
quite variable. The integration of Spanish loan
words into the Pame’s phonemic and phonetic
system may be exerting some influence. If the
original Spanish vowel distinction (i.e. /u/ vs /0/)
are preserved in an increasing number of loan
words (e.g. tambol ‘drum’, Sp. tambor, kras
‘cross’, Sp. cruz), this could put additional
pressure into a phonemic split in the vocabulary.

Future research will include more data from
more (especially older) speakers and further
examine the role of age, sex, language use, and
sociolinguistic factors to account for variability
in the vowel space.
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