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ABSTRACT

In the Jê language Panãra, speakers produce two au-
ditorily similar consonant sequences, both of which
may be transcribed segmentally as a nasal-oral stop
sequence [NT], arising from two distinct processes:
prenasalization of oral stops /ṼT/ → [ṼNT], and
postoralization of nasal stops /NV/→ [NTV]. Previ-
ous research on these sequences showed that, despite
their segmental similarity, native speakers of Panãra
produce these sequences with systematic acoustic
differences, most prominently the relative durations
of the nasal murmur to the stop closure, but poten-
tially also presence and amplitude of a stop burst and
the quality of the nasal murmur. This study demon-
strates that the contrast between the two types of
NT sequences is perceptually robust among native
Panãra speakers, and that all three acoustic cues are
utilized by listeners in disambiguating the underly-
ing representation of these two [NT] sequences.
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1. INTRODUCTION

In Panãra (ISO code: kre), a Jê language spoken
by approximately 630 people in the Brazilian Ama-
zon, nasal-oral stop sequences [NT] arise through
two distinct processes: prenasalization of underlying
oral stops preceded by a nasal vowel (1), and postor-
alization of underlying nasal stops followed by an
oral vowel (2).
(1) /p, t, s, k/→ [mp, nt, ns, ŋk] / Ṽ

e.g. /põpõ/→ [põmpõ]
(2) /m, n, ɲ, ŋ/→ [mp, nt, ns, ŋk] / V

e.g. /mĩnɔ/→ [mĩntɔ]
The processes in (1-2) both arise from spreading

of the orality or nasality of a vowel onto an adjacent
consonant, rather than from a consonant onto an ad-
jacent vowel, as is common in languages spoken in
other parts of the world [2, 4, 5, 6, 11]. The postor-
alization pattern in (2), common in South American
languages, can be understood as a form of shielding,
a phenomenon that renders the contrasts between
phonemically oral and nasal vowels maximally dis-
tinct [7, 12, 13, 14].

Although the processes in (1-2) ostensibly result
in the same segmental surface form [NT], previous
research has highlighted significant differences be-
tween the two types of [NT]s, in both their articu-
lation and the resulting acoustics [9]. In particular,
postoralization (2) appears to be a robust, categorical
phonological process, where the nasal murmur and
oral stop closure are comparable in duration. In con-
trast, prenasalization (1) is highly variable between
speakers, both in terms of whether it occurs at all and
the relative durations of the nasal and oral compo-
nents. Furthermore, the duration of the nasal compo-
nent is significantly shorter in prenasalized oral stops
than in postoralized nasal stops.
This study is the first to test the perception of al-

lophonic [NT]s, such as those arising from shield-
ing. Our goals are to determine (i) whether native
speakers of Panãra can systematically differentiate
between postoralized nasal stops and prenasalized
oral stops when listening to a given [NT] sequence,
and (ii) which acoustic cues listeners rely on in iden-
tifying a given [NT] sequence as arising from an un-
derlying /N/ or /T/, and the relative importance of
these cues. While previous work has demonstrated
differences in the relative durations of nasal murmur
and oral stop closure between the two types of [NT]
sequences [9], these differences are highly variable
between speakers. We thus expect that there may
well be other cues that listeners utilize in discrimi-
nating these sequences. We hypothesize that these
cues may be found in the acoustic qualities of the
nasal murmur, or the strength of an oral stop burst.
To address our hypotheses, we manipulated speech
from one native Panãra speaker (male, 24 years old at
time of recording) to have varying acoustic qualities,
then presented the audio to other native speakers of
Panãra and recorded their judgments regarding the
lexical item that best corresponded to each stimulus.
In a similar experiment, Beddor & Onsuwan [3]

found that /N-ND/ and /D-ND/ contrasts in Ikalanga
(Bantu) are dependent on both intrinsic and extrin-
sic cues. Examples of intrinsic cues the authors ex-
pected listeners to attend to included the presence of
an oral release burst, signaling the presence of /D/,
and the presence of nasal murmur, signaling the pres-
ence of /N/. Coarticulatory nasalization of vowels
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surrounding the consonants, on the other hand, is
considered an extrinsic cue. For the Ikalangan /N-
ND/ contrast, they found that the extrinsic cue was
both necessary and sufficient for native listeners to
distinguish between the consonants, but the intrinsic
cues alone were insufficient [3]. In contrast, for the
/D-ND/ contrast, exactly the opposite was true – in-
trinsic cues alone were sufficient to cue the /D-ND/
contrast, while extrinsic cues were unnecessary.
We predict that Panãra listeners will be able to

reconstruct an underlying /N/ or /T/ from a surface
[NT] sequence, i.e. that the contrast between pre-
nasalized oral stops and postoralized nasal stops is
not (yet) perceptually neutralized. Specifically, we
predict that the following acoustic cues will affect
listeners’ perceptions of [NT] as either /N/ or /T/:
1. The relative duration of the nasal and oral com-

ponents, where greater ratio of nasal murmur
increases /N/ responses;

2. the source of the nasal murmur, where nasal
murmur extracted from a plain nasal [N] in-
creases /N/ responses; and

3. the presence or absence of a release burst,
where absence of burst increases /N/ responses.

Panãra differs critically from Ikalanga in that oral
vs. nasal vowels in Ikalanga are not contrastive [10].
We therefore further predict that our results will dif-
fer from Beddor & Onsuwan’s [3] in that Panãra lis-
teners will rely more heavily on the intrinsic cues,
such as the presence of an oral release burst, over
extrinsic cues, such as the quality of the following
vowel. To test this, we manipulated the oral vs. nasal
quality of the vowel following the [NT] sequence,
and predict that listeners will be more likely to per-
ceive [NTṼ] as being underlyingly /TṼ/.

2. METHODS

To test our hypotheses, we prepared eight series
of stimuli representing words of the shape /TV/,
/TṼ/, /NV/, and /NṼ/, presented in the carrier phrase
[kjẽhẽ kasũ X] (I say the word X ), where X is the
target word. This carrier phrase crucially places
the target /N/ and /T/s in the context of a preced-
ing nasal vowel, creating the environment required
for prenasalization (1). Stimuli were randomized
and played for native Panãra speakers in a 4-option
forced choice perception task.

2.1. Stimuli

Due to phonotactic and lexical constraints in Panãra,
and the desirability of using real Panãra words, we
focused on a single minimal-quadruple, presented in
(3). The original acoustic items were recorded by

one male speaker of Panãra in the Panãra village of
Nãnsêpôtiti. He produced five repetitions of each
target word embedded in the target carrier phrase.
(3) a. /pa/→ [pa ∼ mpa] (arm)

b. /pã/→ [pã ∼ mpã] (owl)
c. /ma/→ [mpa] (liver)
d. /mã/→ [mã] (emu)

The eight series constructed from this speech are
summarized in Table 1. We selected one repetition
of /pa/ [pa] and one repetition of /mã/ [mã] to serve
as the base for series 1 & 3 and 2 & 4, respectively.
These acoustic tokens were selected on the basis of
maximizing auditory naturalness and consistency in
the prosody of the target word and preceding verb.
We selected two base tokens rather than one in or-
der to test our hypothesis that the quality of the nasal
murmur would affect listeners’ perceptions. In Se-
ries 1 & 3, we spliced in nasal murmur cut from one
designated /ma/ [mpa] production, and in Series 3 &
4, the nasal murmur comes from the /mã/ [mã] al-
ready present in the base sentence.
To test our hypothesis that listeners would differ-

entiate between underlying /N/ and /T/ based on dif-
ferences in duration of nasal vs. oral components, we
varied the relative duration of the nasal stop murmur
and oral stop closure. First, we normalized the tar-
get consonants [p] and [m] in these two selected base
recordings to approximately 160ms, by cutting or re-
peating sections of the waveform. For Series 1 & 3,
we replaced 40ms of silence at the beginning of the
oral stop duration with 40ms of nasal murmur per
step. For Series 2 & 4, we replaced 30ms of nasal
murmur at the end of the nasal stop duration with
30ms of silence per step. This procedure resulted in
uneven numbers of steps – Series 1 & 3 have 5 steps
while Series 2 & 4 have 7 – but the end points are
consistent: 0ms nasal murmur and 160ms stop clo-
sure vs. 160ms nasal murmur and 0ms stop closure.
To test our hypothesis that nasality or orality of

the vowel following the target [NT] would affect lis-
teners’ perceptions, we included both oral and nasal

Series Vowel Murmur Closure Burst
1a

[a]
[mpa] [pa] no

1b yes
2a [mã] silence no
2b yes
3a

[ã]
[mpa] [pa] no

3b yes
4a [mã] silence no
4b yes

Table 1: Acoustic parameters of the 8 series, in-
cluding quality of following vowel, source of nasal
murmur, stop closure, and presence of burst.
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collecting the data. This research was supported by
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1 Participants received 83 grams of Czech beads as com-
pensation for taking part in the experiment. Note that
this type of remuneration was chosen at the request of the
community. The economic system in use inside the Pa-
nará Indigenous Land is mostly dependent on trade, and
monetary transactions are virtually absent inside the vil-

lages. Czech beads are among the most valued goods, as
they are used to create ornaments worn during village cel-
ebrations and festivities.
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