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Resumo

Os resultados de umainvestigac@o preliminar acerca das propriedades
acUdticas das vogais da lingual Pirahd sdo apresentados. Por meio de
representagdes gréficas e escores numéricos, as caracteristicasdo espaco
vocdico da lingua sfo expressas em termos das dimensdes padrdo de
F1, F2, F1-FO e F2-F1 assm como em termos de medidas centrais de
valorestransformados paraaescaaBark. Padrbes de diferencas sexuais
S50 avaiadostanto paraas distribui¢des de v ores de formantes quanto
para os dados relativos ao pitch intrinseco das vogais. Neste ultimo
conjunto de dados, um resultado ndo esperado é apresentado e discutido.
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Abstract

The results of apreliminary investigation of Pirahdvowel acoustics are
reported. Propertiesof thelanguage svowe spaceareshowninnumerica
and graphic representations, couched intermsof the standard dimensions
of F1, F2 and F2-F1, F1-FO, as well asin terms of averages of Bark-
transformed val ues. These propertiesinclude dispersion, clustering and
patterns of sex-difference. Pitch measurements are also provided, with
asomewhat unexpected and sex-specific pattern of intrinsic pitch being
found and subject to discussion and analysis.
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0. Introduction

hesingularities of the class of phonetic eventsgenerally referredto as
I ‘vowdls , asopposed to consonants, have awaysattracted the attention
of linguists(LINDBLOM, 1986; LINDAU, 1978) and speech scientists
and psycholinguistsalike (CHIBA; KAJAMA, 1941; TORO et al, 2008). Itis
true, then, that the study of vowelsfrom atypologica standpoint, and especialy
asit relatesto the description of endangered and poorly described languages
(LADEFOGED; EVERETT, 1996) carriesmuch weight inthe ultimate task of

understanding the status of vowelsin human language.
Inthe present work we provideapreliminary analysisof vowel properties

inthe Pirahdlanguage.

1. The Pirahd language

ThePirahdlanguage belongsto the Mura(or Mara) linguistic family and
isspoken by afew hundred individualsliving along theMaici river, inthe state
of Amazonas, Brazil. Thelanguage has been aternatively called Mura(e.g.,
MADDIESON, 1986, p. 107) or Mura-Pirah&d(EVERETT, 1986). Wefollow
Everett (1986) in using Pirahdasareferenceto the soleliving language of the
family named Mura

The Pirahdlanguage hasbeen thefocusof quiteintense debatelately, the
ultimate source of dispute being claimsby linguist D. Everett that thelanguage's
grammar is peculiar in ways that have far-reaching consequences for
mainstream grammetical theory (EVERETT, 2005). Someof the hotly debated
pointsincludethe putative absence of syntactic embedding, the abbsence of color
termsandthequdification of thelanguage' spronomind inventory asthesimplest
inventory known (for alengthy discussion on these points, cf. NEVINS;
PESETSKY; RODRIGUES, 2007; for Everett'sresponsecf. EVERETT, 2007).
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Thelanguage' s phonology hasal so attracted alot of attention, specialy
duetoitssmal inventory of phonemes(3 vowelsand 8 consonants), theexistence
of some phoneticraritiesinitssystem of alophones(such asadoubleflapwith
thetonguetip hitting theaveolar ridgeand thelower lip, thuscoming out of the
mouth; Everett (1982)), and because the language seems to have an onset-
sengtivesystemof syllableweight assgnment (EVERETT; EVERETT, 1984).

Of particular concerntothe present work, Everett (1986, p. 316) describes
Firahdvowe sinthefollowing way (using standard auditory-kynesthesiclabdls):
“i mid-high front; alow close central; o mid-high close back rounded. i ranges
fredyover[i],[e],[e],[1]. oisredized asahighcloseback rounded| u] after
hor k preceedingi. Elsewhere, itisamid close back rounded. All vowelsare
optionally nasalized following x (glottal stop) or h”. Inthissense, Pirahdstands
along other three-vowe languages such asAmueshaand Alabamanin having/
o/ instead of /u/ asitsback vowel (cf. CROTHERS, 1978).

2. Aims and Methods

The primary aim of the present study isto provide information onthe
acousticsof vowelsin the Pirahdlanguage.

The dataon which this study was based comprises part of the speech
sound fileson the Pirah&@language homed at thewebsite of the UCLA Phonetics
LabArchive(2007). Thedataused correspond to thefirst wordlist (seeAppendix
B) of thefirst two male speakers (Hixahoixoi and Xisao) and thefirst female
speaker (Xiaapixoi). Therecordingswere madein June 26-28, 1995, by Peter
Ladefoged, Daniel Everett, and Keren Everett, at the Piraha settlement. The
original recordingswere made on a48K DAT.

The archiveswere downloaded and then segmented into smaller files of
therecorded tokensfor each iteminthewordlist. A total of 180 vowelswere
subject to analysis. It should be noted that, although far from ideal, the small
number of sampled subjectsinthispreliminary study is, innoway, at variance
withthe normin acoustic phonetic studies, as shown for example by thesample
of studiesreviewed by Whalen & Levitt (1994).

Acoustic analysiswas carried with the Praat software (BOERSMA;
WEENINCK, 2006). Formant and pitch valuesfor vowelsinthefirst syllable of
each token were taken, with measurements obtained over the central portions
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of steady state vowe segments. Formant estimation was carried on broad-band
spectrograms usi ng the default val ues of an L PC-based dgorithm (default value:
analysiswindow of 5msc) except for the dynamic range (valueused: 50.0 dB).
Theusua aid of visua ingpection of spectrogramswasa so gpplied. Thestandard
setting for the maximum formant value' waslowered from 5500 Hz to 4500 for
the analysisof malegpeech. Mean pitch wasestimated using the Praat d gorithm,
with adlight changein frequency range (Hz) to detect small pitch valuesinthe
vicinity of glottal stops(range used: 30—350 Hz). Thedomain corresponding to
the central portion of the vowel (identified by checking steady-state formant
patternsin spectrogramsand periodic excitationin spectrogramsand waveforms)
was sel ected for the computation of mean pitch.

Thedatistical descriptiveand exploratory andysisof thedatawascarried
out on the SPSS 14.0 software.

2.1. Data Analysis

No significancetestswererun during dataanaysisfor the present study.
Although null-hypothesissignificancetesting (NHST) seemsto haveamgjor role
inthedataanaytical toolsof many studieson acoustic phonetics(e.g., OLSON;
MIELKE, 2007; PICANCO, 2005), itissimply not clear that they have been
properly used or that they areanything but useless, evenin areaswheretraining
with statistical techniquesisfar more widespread (cf. THOMPSON, 1998;
WILKINSON et al., 1999).

Asrdatedtotheir proper use, theassumptionsbuilt into parametric tests
(e.g., equal variances, normality) are seldom checked or the implications of
deviationstaken into account. Second, the“significance” of theresultsisoften
naively interpreted ina‘vernacular sense’, asimplying that * differencesare
consderable’ . What isoften missed dtogether isthat ‘ dpharlevel’ cutoff points
for sgnificance (usually .01 or .05) merely describethe probability of onehaving
equa or moreextreme resultsthan those under analysisgiven the assumptions
built into the model itself (the‘ null hypothesis’) which are usually known, in
advance, to befalse (COHEN, 1994; BAKAN, 1966). Calculated p valuesare
alwaysdependent on samplesizes, and in many respectsif theaim of original
research boilsdownto thequest for  significant results’, then one’ sresearch may
bereducedtotheeffort of collecting largeamountsof data(BAKAN, 1966). It
is not surprising then, that for a number of researchers (SCHMIDT, 1996;
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WILKINSON et al, 1999) testsof statistica significance should be banned from
publicationsor at least handled with greater carethan usual.

One of the antidotesagai nst the rash application of significancetestslies
inanincreased reliance on exploratory dataanalytical techniques (COHEN,
1994, p. 1001). Thiswasthe path taken in thispreliminary work.

After theidentification of outliersor extreme deviationsfrom central
tendency inthe datafor each formant, these caseswere subject to acoustic re-
andydisinorder tolook for mistakesin formant estimation or inwriting downthe
resultsof theanalyses. In casethe correctnessof the original measurementswas
confirmed, other causes for the divergent measurements were sought. The
computation of Meansand Standard Deviationswas carried out only after the
removal of outliers, since these are statistics which are highly sensitive to
infrequent large deviationsin data; however, someof theoutliersareshownin
thevowel spacesdrawn in the next sections.

3. Results and Discussion
3.1. Vowel Spectra and Spectrograms

Sampl e spectrafor each vowel category areprovidedin Appendix A.

Spectrogramsfor tokens of thetwo vowels/i/ and /o/ are given below,
showing the F2 difference between the more posterior /o/ (right side) and the
moreanterior /i/ (left sde):

uilid L H

—

e
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AN

FIGURE 1 - Spectrogramsfor tokens of /i/ (Ieft) and /of (right).
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Sampl e spectrogram for asingletoken of vowel /a/:
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FIGURE 2 - Spectrogram for token of vowel /al.

3.2. Vowel Spaces

In order to draw the vowel spacefor the Pirahélanguage astaken from
our samplevaues, thevauesfor the F2-F1 and F1-FO differenceswere computed
as speaker-independent measures of anterior/posterior position and openness,
respectively (Ladefoged & Maddieson (1990), TraunmUiller(1981)). Thevowel
spaceispresentedin figure 3 below:
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FIGURE 3 - Vowel spacefor Pirah&@language over studied sample
(F2-F1x F1-FQ); (x/i/,olal,Aldl).
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Many researchers, employing different measurement scalesand disperson
metrics, havefound that among the so-called “ point vowel s’ thetoken spacefor
/il tendsto be much moretightly-clustered (or lessdispersed) than those of either
/d or lul (cf. GENDROT; ADDA-DECKER, 2007; AL-TAMIMI; FERRAGNE,
2005). Preliminary visud inspection of thevowel space above seemsto suggest
that thisis also the casein Pirah&. Intra-vowel Standard Deviations were
computed over raw F1 and F2 valuesafter theidentification and eimination of
extremeoutliersin afirst-step graphical exploratory analysis (summing atotal
of threetokens). The S.D. values are displayed bel ow:

TABLE1
Standard-deviations for each formant dimension

F/i/ F2ii/ Fl/al F2/al Fl/o/ F2/o/
SD. 83,735 148911 155536 | 221,818 77836 179,724

Thevauesconfirmthat, for F2 at least, /i/ seemsto beacoustically more
stable. The token space for /o/ isthe least variable in the F1 dimension. An
adequate comparison with other studiesis, however, not warranted in this
preliminary work, since only aquiterestricted set of prosodic and segmental
contexts have been targeted in the present study.

Another interesting feature displayed by the vowel space aboveisthe
clustering of both /o/ and /&l inthe back portion of the vowel space. One of the
generalizationsemerging from Crother’s sample of vowel systems statesthat
height distinctionstend to be moreimportant cross-linguigtically to front vowels
(CROTHERS, 1978, p. 122). The Pirahavowe space, at |east asdepicted above
clearly standsoutsidethisgenerdization, height being moreimportant to set /&l
and /o/ tokens apart from each other; indeed, the tight space along the F1
dimension over which /o/ tokens spread may be an effect of this vowel’s
underlying specification for thisfeature (KEATING 1990). Thesamedatais
displayed below in the more usual F1 x F2 space (PETERSON; BARNEY,
1952). Thisrepresentation hasthe additional advantage of being moreuseful for
cross-linguistic comparisons, since much work in acoustic phoneticsemploys
these parametersfor the description of vowel spaces (e.g., CROWHURST,
2002; ANSARIN, 2004; OLSON; MIELKE, 2007).
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FIGURE 4 - F1 x F2 vowel space derived from sampletokens(x /i/ , o /al, A/0l).

Here, the auditory impression that /a/ is pretty much centralized is
confirmed (cf. section 1). An extremely posterior F2 valuefor atoken of /i/ was
foundinthedata(thefirst vowel intheword igiai asspoken by thesecond male
informant). Astheitemisheardintherecordings, it seemsthat hypoarticul ation
(LINDBLOM, 1990) isagood explanation for the pattern observed. Tokens of
/ol were found to be closer to [u] after [h] (especialy marked by a strong
reduction of F1) and after [k] (with astronger reduction of F2, consistent with
rounding). Some outlying tokensof /o/ with too high F2 values, well withinthe
rangefor /i/ tokens, wereidentified. During acousticre-andysis, it wasfound that
the original formant measurementswere madetoo closeto vowel onset which,
inthecaseof theitem hoopogi, meant that thevowel wasdightly nasalized close
to [h], as asserted by Everett (1986). Thisis problematic, given that the
L PC-based formant estimation tool used isnot adequate, initsstandard values,
for theanalysisof nasalized vowels. Another high-F2 outlying vowe wastaken
from the center portion of koo’ io. Everett describesvowelsasbeing optionally
nasalized after glottal stopsbut, in thistoken at |east, the vowel seemsto be
partially nasalized before aglottal stop.
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Itisinteresting to note that the place occupied by /a/ tokensliesmuch
moreback wheninformation on pitch (FO) isadded. Thisissignificant fromthe
perspective of model sand hypotheseswhich claim that pitch information may
have aroleinenhancing vowd distinctiveness (DIEHL ; KLUENDER, 1989;
KINGSTON, 1993; HOMBERT, 1977).

Thesizeor overal dispersion of the Pirahdvowel spacewas computed
by adding the Euclidean distances between the mean Bark valuesfor each of its
three vowels. As afirst step, formant valuesin Hz were converted into the
psychoacoustic Bark scale using the expressionsgivenin Traunmuller (1990)
(whereZ standsfor valuein Bark, F for valuein Hertz):

Z=1[26.81F /(1960 + F)] —0.53 €
The formulahas an added correction factor for valuesof Z< 2.0:
Z=Z+015(2-2 2

Thetwo dimensiona Euclidean distancesin Bark between the mean
valuesfor adjacent vowelsare given below:

TABLE2
Euclidean distances between mean values for adjacent vowels

lil - lo/ fof - &l fal - [il
D 547 3,74 3,86

When added to serve as a measure of vowel space dispersion and
compared with the valuesderived from astudy of an independent sampleof 28
languages (L1V1JN, 2000), the datafrom Pirah&provide no evidencefor asize-
dependent effect on thedispersion of vowd spaces: thevalueof 13.07 resulting
fromasum of theBark valuesin thetableaboveiswell abovethevauesreported
for somelanguageswith 8 or 10 vowels. Our analysisthus supportsLivijn's
conclusion that no direct effect of inventory size on the acoustic dispersion of
point vowel s can be detected. In appendix C, we show the plot with the values
of thedispersion measureasafunction of inventory sizewith approximate place
of Pirahdsignaled with acolored circle.
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Weitzman (1992, p. 123) suggested that if oneweretofind pairsof vowels
differing by lessthan one critical band (approximated by one Bark) then one
would have good reasonsto suppose that other factors beyond perceptually-
transformed spectral peak values (e.g., pitch, duration) play aroleinvowel
discrimination. Our dataon distances between Z valuesfor themeansof each
vowel category in Pirah&are compatiblewith theideathat information present
in spectral peaksissufficient to support vowel discrimination in the contexts
sampled by our preliminary study. The same conclusion could be foreshadowed
by the presentation of figure 4 displaying the language’ svowel space based on
F1 and F2 measurements.

Weanayzed theextremevauesfor the pooled F1 and F2 distributionsin
an attempt to uncover the effect of particular phonetic and phonological
contextual variables. Oneinteresting pattern which arose from the dataisthat
for tokensof /&, thelargest valuesfor F1 and the smallest valuesfor F2 were
attained inlong vowels. A similar, but not equal pattern wasfound for /i/: the
largest F1 valuesand thelargest F2 valueswereall taken from long vowels.

Sex-differencesin vowel spaces have been reported for anumber of
different languages (HENTON, 1995; DIEHL et al., 1996; SIMPSON;
ERICSDOTTER, 2007). Asbecomesevident after visua inspection of the F1
x F2 vowel spacesbelow, thegenerd pattern having femaleswith larger vowel
pacesthan maesholdsof Pirahatoo. Thisimpressonisconfirmed by ananalyss
of themean/median formant valuesfor thethree speakers presented inthetable
after thegraph (the unique exception being thevauesfor F2/al which arehigher
for male speaker 2 than for the femal e speaker):
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FIGURE 5 - F1xF2 vowel spacesfor each speaker (x /i/ , o /al, A/0l).

TABLE3

Mean/median formant values for each speaker and the pooled means/medians

FL/i/ F2li/ Fl/al F2/al Fl/o/ F2/ol
Male
Speaker 1 | 373/378 | 2268/2243| 801/812 | 1521/1509 | 460/466 | 893/912
Male
Speaker 2 | 394/387 | 2357/2368| 697/700 | 1912/1882 | 492/484 | 1115/1092
Female
Speaker 1 | 518/577 | 2550/2544 | 1035/1031 | 1616/1605 | 568/571 | 1010/977
Pooled 421/392 | 2360/2391| 801/676 | 1663/1691 | 514/509 | 1139/1029
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Vowel spacesbased on mean Bark va uesfor each spesker aregiven below:
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FIGURE 6 - Mean formant values (F2xF1) expressed in Bark (Critical Band) scale.
(x/il,o/al,Alol).

Ascross-linguistic evidence shows, thereported sex-differencesin vowel
spaces display interesting language-internal non-uniformities. Not only the
magnitudesof thedifferencesare subject to cross-linguigtic variation, but distinct
vowdsaredifferentidly affected (HENTON, 1995). We display below the (non-
transformed) Euclidean di stances between mean formant valuesfor themale
(pooled mean for the two subjects) and the female means:
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TABLE4
Non-transformed Euclidean Distances between mean formant values
for males and the femal e subject

Fl/al F2/al FLi/ F2i/ | Flo F2/o/
D 283 40 129 2 4 15

Thedatadisplay inaquitedirect manner apatternsmilar to that foundin
other languages: the difference between male and femal e vowel spacestends
toincreaseasformant valuesincrease. That is, the F1 differenceislarger for
more open vowelsand the F2 differenceislarger for morefronted vowels(cf.,
e.g., SIMPSON; ERICSDOTTER, 2007).

3.3. Vowel Pitch

Asagenerd typological trend, high vowelshave higher pitchesthan low
vowds, eveninlanguagesthat use variationsin vocoid segmental phonatory state
forlinguisticor grammatica purposes, such aslexicd tonelanguagesor pitch-accent
languages (LEHISTE, 1970; WHALEN; LEVITT, 1995; VERHOEVEN; Van
HOOF, 2007). It may bethe casethat the correl ation between pitch and vowel
height works asaredundant cueto vowel height (HOMBERT, 1977).

Variation asafunction of sex isof coursewell documented and obvious
to anyone: women’sspeech ison the average higher pitched than men’sspeech
(DIEHL etal., 1996; TRAUNMULLER; ERIKSSON, 1995) evenin peculiar
gpeech registerssuch asbaby-talk. Differently fromtheintrinsic pitch of vowels,
the physiological basesfor thissex effect arerelatively well understood (TITZE,
1989).

In Pirahd, we havefound, as predicted, that the mean (and the median)
pitch values for our female speaker are well above those for the two male
speakers. Also therange of variation in the pitch realizationsislarger for the
femal e speaker when compared to males (cf. table 5 below).
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TABLES
Average Mean Pitch values for each speaker as a function of vowel type
(mean/median (range)).
lal fil lol
Mael 135/134(36) 138/136(32) 134/136(52)
Mae2 123/121 (44) 127/123(64) 126/121 (47)
Femde 218/210(72) 246/239(101) | 193/202(112)

Boththe higher average valuesand thelarger rangesin pitch realizations
for women when compared to men are attested in anumber of distinct languages
(TRAUNMULLER; ERIKSSON, 1995; SIMPSON; ERICSDOTTER, 2007).

Themean pitch valuesfor thelanguage are given below:

TABLE6
Average Mean Pitch for each vowel category (mean/median (range)).

lal il Jol
150/134 (157) 160/144 (204) 147/136 (122)

When the mean pitch values for the three speakers were graphically
displayed, aninteresting pattern concerning intrinsic pitch arose: in both male
speakersthe mean pitch valuefor /o/ ishigher than that for /a/ (although lessso
in male speaker 2) but the patternisreversed in the femal e speaker, where/al
hasamean pitch well abovethat of /o/:
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FIGURE 7 - Linegraph of variationin mean pitch (Hz) for each vowel
as afunction of speaker

Wecanimagineafew explanationsfor thispattern. First of al, thiscould
bean artifact brought about by messy data: theinflation of themean pitch for /
a inthefemal e speaker could betheresult of adisproportionate amount of high-
end outliersinthefemale sample. Although the datafor the/a/ vowel of the
femal e speaker ispositively skewed, it isnot morethan that of thefirst male
speaker (skewnessof 1,246 for female; 2,121 for male speaker 1). Also, the
distribution of /&l valuesfor thefemaehasakurtosisvaluecloseto zero (,414)
whilethetwo male speakershavehigher positivevaues (4,901 for male speaker
1; 1,381 for male speaker 2). This meansthat the female distribution is not
affected to agreater extent by infrequent extreme deviationswhen compared
to themaledistributions. When all outliersand extreme valueswereremoved,
thedifference, abeit diminished, remained inthe samedirection: /&l till had a
mean pitch higher than that of /o/ for the femal e speaker (/al: 208 ; /ol 204).

A second, if more interesting hypothesis, appeals to the non-linear
representation of the physical frequency-space (measured in Hertz) intermsof
psychoacoustic scales (measuredin Critical Bands, for example). That is, when
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displayedintermsof the* perceptual ly-real” topography of scalesthat describe
how the properties of physical stimuli are encoded in the auditory systems of
speakers-hearers, the differences may turn out to align themselves with the
theoretically predicted patternsof intrinsic pitch variation. Much to our surprise,
the representation of the mean valuesin termsof thecritical band Bark scale
actually increased the separation between /o/ and /a/ meansin femal e speech.
Thedifferences between thetwo mal e speakerswere, on the other hand, almost
completdly diluted:

T T
Flafn Tpmeahiny e Spawk I Foren Spasiar 1

Speaker

FIGURE 8 - Line graph showing interindividual variationin Bark-scaled
mean pitch values for each vowel

A third hypothesis which assigns these unexpected patterns to the
uncontrolled action of lexical (underlying) pitchesseemsunlikely. Thiscould bethe
caseif the speech samplesfor each speaker were selectively and differentially
affected by adisproportionate presence of, say, low pitched tokensof /o/ or high
pitched tokensof /&/. But it seemsthat thisisnot the case, since asreportedin
the M ethods section, the samplesfor all three speakers correspond to the same
listof lexical items.
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Based on our discussion on perceptually-based distancesin the previous
section, it could be the case that the femal e speaker enlargesthe mean pitch
difference between theredization of /al and /o/ in order to compensatefor poor
discrimination based solely on formant frequencies (cf. VERHOEVEN; Van
HOOF, 2007). Thiswould explainalarger differencein mean pitchinthefemae
asopposed to the mal e speakers, but not thefact that /al hasahigher mean pitch
than/o/. However, thefemal e distancein Barksbetween the mean Z valuesfor
/ol and /&l scores 4,24, i.e., morethan 4 critical bands.

On atentativebasis, weresort to the position that these patterns may be
due to uncontrolled variation in speech clarity during elicitation (cf. e.g.,
MADDIESON, 2006). Control for thissort of independent variableisalways
required and moreessily attained in experimental settings, when doing fieldwork
among amainly monolingua community outsidethelab thissort of control ishardly
aredigticgod. Inprinciple, it may bethe casethat co-variationsamong phonetic
features (articulatory and/or acoustic) may hold only of ‘ clear’ speech but not
inhypo-articulated or ‘ reduced’ utterances. Asit happens, the speech of Piraha
womeninthe UCLA archive samplewasfelt to be pretty much hypo-articul ated,
asif theinformantsweremainly ‘ uninterested’ or smply (and understandably)
unwilling to produce speech at normal or more paced articul atory rates.

Asit stands, thequestion of theintringc pitch of vowe sin Pirah&deserves
further study.

4. Conclusion

Thiswork gave a preliminary exposition of patterns concerning the
acoustic and perceptual organization of vowelsin the Pirahalanguage. The
statement of these patternswas approached atypol ogical vein, comparingin
themto moregenera cross-linguistic findings. We hopethat much of the present
investigation standsasapleafor amore accurate and thorough investigation of
Piraha phonetics, which constitutes an unavoidabl e step towards a deeper
understanding the way thislanguage organizes sound structure.
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FIGURE 9 - Sample spectrafor thethree Pirahdvowel categories
(fromlefttoright: /al, /i/, /ol
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9.kaa'a ‘macaw’

10. ‘&apahai ‘bird arrow’
11. baagiso ‘ many’

12. gaatahai ‘can’ (noun)
13.‘isaahd ‘candl€

14. poogaha ‘arrow’
15.toogi’i ‘hoe€
16.kod'io ‘inside
17.xopoogi ‘Inga’ (fruit)
18. boopai ‘throat/neck’
19.go0 ‘what’sup’

20. ‘isoobéa ‘down’ (noun)
21. pibadi ‘otter’
22.tigaiti ‘bushmastersnake’

Appendix B
1.tii ‘residue 23.‘igiai ‘OK’
2.'ii ‘wood/thing’ 24.bigi ‘earth’
3.bii ‘blood 25. ‘isibioi ‘liver’
4. giiso‘this 26.hi'f ‘rat’
5.‘idisl ‘fat/body oil’ 27.p&a ‘fis
6. hiisi ‘sun’ 28. tagasaga ‘ machete’
7. paahtis ‘ palmfrond’ 29.'agii ‘cold’
8.taahoas ‘sand’ 30. bagia ‘thief’

31. gagaia ‘orange
32."'isapal ‘animal head’
33. po'o’oi ‘small anteater’
34. tokaaga ‘tocandeiraant’
35.kos ‘eye

36.‘ogii ‘big’

37.bogi ‘hat’

38. gogii ‘what’sup’
39.‘isopdi ‘claw’

40. bogi ‘breast’

41.ti *1st pers. Sg.

42. biigié ‘underground’

43. kaba ‘not/no’

43. kadbi ‘full’



Rev. Est. Ling., Belo Horizonte, v. 18, n. 1, p. 11-33, jan./jun. 2010 33

Appendix C

Distance surm (Bork) Belween 8-, V) and W
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FIGURE 10- Plot of acoustic distance among point vowels (ordinate) asafunction
of inventory size (abscissa) for 28 languagestaken from Livijn (2000). The colored
circle showsthe approximate | ocation of Pirahg, following the computation of the
same dispersion measure presented here.



