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Chapter 4

A PHONETIC STUDY OF GUARANÍ

In this chapter I report on an acoustic study of intervocalic voiceless stops in oral versus
nasal contexts in Guaraní.  Guaraní is a language well-known for its nasal harmony, in
which all voiced segments become nasalized and voiceless segments behave
transparent.  An acoustic comparison of oral and nasal word pairs in Guaraní provides
information about what effect, if any, nasal harmony has on transparent voiceless stops.
In the previous chapter I proposed an analysis of transparency as an opacity effect,
producing surface orality of transparent segments in nasal harmony.  The findings of the
study of Guaraní confirm the need for this result by showing that voiceless stops do
typically surface as oral obstruent stops in nasal spreading domains.

In addition to establishing the basic transparent character of voiceless stops in
Guaraní, the study makes several findings concerning context-dependent differences in
voice onset time, closure voicing, and closure duration in oral versus nasal environments.
Although it is apparent that voiceless stops in nasal spans should be represented as
phonologically oral, the study identifies some systematic phonetic effects of nasal
contexts on voiceless stops.  Another discovery is that the total period of voicelessness
appears to be fixed independent of context.  The period of voicelessness emerges as a
feature that is preserved in its total duration but is shifted in relation to stop closure and
release in nasal environments.  This suggests that, at least in Guaraní, the total voiceless
duration is a quality contributing to the definition of voiceless stops.  These results thus
have implications for the phonetic correspondents of phonological features.  An
additional interesting set of findings concern the different patterning of the velar stop /k/
in contrast to the anterior stops, /p/ and /t/.  The velar stop fails to conform to some of the
generalizations established for the other places of articulation.  I hypothesize that this
separate behavior of /k/ is a consequence of a threshold effect in which the velar stop
reaches either a sufficient or maximal limit in its voice onset time, preventing a rightward
shift of the voiceless period with just these segments.

This chapter is organized as follows.  In section 4.1, I give background on the
pattern of nasal harmony in Guaraní.  Section 4.2 outlines the set-up of the acoustic
study, describing how the data was collected and the method of instrumental analysis.
In section 4.3 I report on the results of the study, first highlighting the general patterns,
then detailing differences in timing in oral versus nasal contexts, and finally addressing
the fixed quality of the total voiceless period.  Section 4.4 discusses the implications of
these results and provides a schematic scenario of what changes take place in oral
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versus nasal contexts.  Section 4.5 briefly outlines a two-burst phenomenon observed in
a small set of tokens, which appears to be correlated to nasal contexts.  4.6 is an
appendix presenting the word pairs used in the study.

4.1 Nasal harmony in Guaraní
Guaraní belongs to the Tupí family of South America.  The Tupí family is geographically
located at points along the Amazon River and tributaries, in Paraguay, regions of Bolivia
and Brazil, Northern areas of Peru and Argentina, and the South of French Guiana.  The
Guaraní language is centered in Paraguay, where it is one of the country’s two official
languages (along with Spanish) and is spoken by approximately two million people.
Guaraní is also spoken in bordering regions of Argentina and Brazil.  A large number of
Paraguayan Guaraní speakers (over 50%) also speak Spanish; use of Guaraní
predominates in rural areas and in certain sociolinguistic contexts.  There are several
grammars and dictionaries of Guaraní (e.g. Guasch 1948, 1956; Osuna 1952; Gregores
and Suárez 1967), but little instrumental phonetic study of the language has been
documented.1

Nasal harmony in Guaraní has excited much discussion amongst phonologists and
phoneticians alike (see Gregores and Suárez 1967; Leben 1973; Lunt 1973; Rivas 1974,
1975; Anderson 1976; Goldsmith 1976; Sportiche 1977; Vergnaud and Halle 1978; Hart
1981; van der Hulst & Smith 1982; Poser 1982; Bivin 1986; Piggott 1992; Cohn 1993a;
Trigo 1993; Flemming 1993; Steriade 1993d; Penner 1994; Ladefoged & Maddieson
1996; Piggott and Humbert 1997; Beckman 1998; among others).  Various aspects of the
pattern of nasal harmony are of theoretical interest.  These include the transparency of
voiceless segments, the nasal allophones of voiced segments, the interaction with
metrical structure, effects of spreading across morphemes, and the role of prenasalized
segments.  The present study focuses on the first point: the transparency of voiceless
segments in nasal harmony.  I will outline the other main points to establish the
appropriate set-up for the phonetic investigation.  The following description draws on
Gregores and Suárez (1967) and Rivas (1974, 1975).

The surface consonant inventory for Guaraní is given in (1) (after Rivas 1975:
134).  The representation [a/b] indicates two allophones of the same phoneme.

1  Another Tupí-Guaraní language, Guarayu, has had some acoustic investigation by Crowhurst
(1998).
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p
a

q
u

e
 in

te
ra

ctio
n

 w
ith

 th
e

 co
n

stra
in

ts p
ro

h
ib

itin
g

vo
ice

le
ss n

a
sa

l o
b

stru
e

n
ts.  T

h
is is ca

p
tu

re
d

 b
y th

e
 ra

n
kin

g
 in

 (6
) (a

fte
r th

e
 a

n
a

lysis o
f

T
u

yu
ca

).  F
o

r th
e

 m
o

m
e

n
t I fo

cu
s o

n
ly o

n
 th

e
 im

p
lica

tio
n

s o
f th

is ra
n

kin
g

 fo
r vo

ice
le

ss
o

b
stru

e
n

ts a
n

d
 w

ill re
tu

rn
 to

 th
e

 m
a

tte
r o

f vo
ice

d
 sto

p
s p

re
se

n
tly.

3  T
h

e
 tw

o
 a

lte
rn

a
tin

g
 stre

sse
d

 a
ffixe

s a
re

 th
e

 d
e

riva
tio

n
a

l su
ffixe

s: [-
/
o
@/-/

o
) @] a

n
d

 [-se
@/-se

) @] (G
re

g
o

re
s

a
n

d
 S

u
á

re
z 1

9
6

7
: 1

0
3

).
4  R

iva
s a

lso
 id

e
n

tifie
s a

 d
iffe

re
n

t kin
d

 o
f su

ffix b
e

h
a

vio
r e

xh
ib

ite
d

 b
y a

 ‘sp
e

cia
l cla

ss’ o
f su

ffixe
s

(1
9

7
5

: 1
3

8
).  S

u
ffixe

s b
e

lo
n

g
in

g
 to

 th
is cla

ss co
n

ta
in

 a
n

 o
ra

l stre
sse

d
 vo

w
e

l a
n

d
 b

e
g

in
 w

ith
 e

ith
e

r a
vo

ice
le

ss sto
p

 o
r a

 vo
ice

d
 so

n
o

ra
n

t o
f th

e
 g

ro
u

p
 [

v
, ƒ

, ƒ
W

].  A
fte

r a
 n

a
sa

l ro
o

t, th
e

 su
ffix-in

itia
l

co
n

so
n

a
n

t is ch
a

n
g

e
d

 to
 a

 h
o

m
o

rg
a

n
ic vo

ice
d

 p
re

n
a

sa
lize

d
 sto

p
 a

n
d

 th
e

 su
ffix vo

w
e

l re
m

a
in

s o
ra

l.
F

o
r so

m
e

 su
ffixe

s in
 th

is g
ro

u
p

 th
e

 ch
a

n
g

e
 is o

b
lig

a
to

ry a
n

d
 fo

r o
th

e
rs it is o

p
tio

n
a

l.
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(6)
V

o
ice

le
ss co

n
so

n
a

n
ts a

re
 tra

n
sp

a
re

n
t to

 n
a

sa
l h

a
rm

o
n

y:

P
1:

*N
A

SO
B

S >
>

 ID
E

N
T-❀

O
[±voice] >

>
 ID

E
N

T-❀
O

[+
nasal]

P
2:

SP
R

E
A

D([+
nasal], M

) >
>

 NA
SL

IQ
U

ID
 >

>
 *N

A
SG

LID
E

 >
>

 *N
A

SV
O

W
E

L

B
e

ca
u

se
 th

e
 n

a
sa

l sp
re

a
d

in
g

 co
n

stra
in

t o
u

tra
n

ks a
ll P

2
 n

a
sa

liza
tio

n
 co

n
stra

in
ts, th

is
ra

n
kin

g
 se

le
cts a

 sym
p

a
th

e
tic ca

n
d

id
a

te
 in

 w
h

ich
 n

a
sa

liza
tio

n
 sp

re
a

d
s to

 a
ll se

g
m

e
n

ts in
a

 n
a

sa
l m

o
rp

h
e

m
e

.  T
h

e
 P

1
 n

a
sa

liza
tio

n
 co

n
stra

in
t th

e
n

 ru
le

s o
u

t a
n

y ca
n

d
id

a
te

s
co

n
ta

in
in

g
 n

a
sa

lize
d

 o
b

stru
e

n
ts, a

n
d

 I
D

E
N

T-❀
O

[±voice] >
>

 ID
E

N
T-❀

O
[+

n
a

sa
l] se

le
cts

th
e

 ca
n

d
id

a
te

 w
ith

 n
a

sa
liza

tio
n

 o
f a

ll vo
ice

d
 se

g
m

e
n

ts.  T
h

is a
n

a
lysis yie

ld
s a

n
 o

u
tp

u
t

w
ith

 su
rfa

ce
-o

ra
l vo

ice
le

ss co
n

so
n

a
n

ts in
 n

a
sa

l h
a

rm
o

n
y sp

a
n

s.  T
h

e
 a

co
u

stic stu
d

y o
f

G
u

a
ra

n
í vo

ice
le

ss sto
p

s in
 o

ra
l ve

rsu
s n

a
sa

l co
n

te
xts is a

im
e

d
 in

 p
a

rt a
t ve

rifyin
g

 th
e

 o
ra

l
o

u
tp

u
t fo

r ‘tra
n

sp
a

re
n

t’ se
g

m
e

n
ts.

B
e

fo
re

 p
ro

ce
e

d
in

g
 to

 o
u

tlin
in

g
 th

e
 d

e
ta

ils o
f th

e
 se

t-u
p

 o
f th

e
 p

h
o

n
e

tic stu
d

y, I
w

ill b
rie

fly re
vie

w
 th

e
 a

n
a

lytica
l im

p
lica

tio
n

s o
f so

m
e

 o
f th

e
 o

th
e

r a
sp

e
cts o

f G
u

a
ra

n
í

n
a

sa
l h

a
rm

o
n

y.  F
irst, G

u
a

ra
n

í n
a

sa
liza

tio
n

 is se
n

sitive
 to

 stre
ss.  T

h
is h

a
s le

d
 so

m
e

analysts to posit nasalization as lim
ited by m

etrical dom
ains (see, e.g., F

lem
m

ing 1993) or
to

 u
tilize

 fe
a

tu
re

 p
e

rco
la

tio
n

 th
ro

u
g

h
 a

 m
e

trica
l tre

e
 (S

p
o

rtich
e

 1
9

7
7

; V
e

rg
n

a
u

d
 a

n
d

H
a

lle
 1

9
7

8
).  B

e
ckm

a
n

 (1
9

9
8

) ta
ke

s a
 so

m
e

w
h

a
t d

iffe
re

n
t p

e
rsp

e
ctive

, su
g

g
e

stin
g

 th
a

t
fa

ith
fu

ln
e

ss co
n

stra
in

ts m
a

y b
e

 se
n

sitive
 to

 p
ro

so
d

ica
lly p

ro
m

in
e

n
t p

o
sitio

n
s.  S

h
e

p
ro

p
o

se
s th

a
t o

n
e

 su
ch

 co
n

stra
in

t, I
D

E
N

T-σ
@[n

a
sa

l], w
h

ich
 e

n
fo

rce
s n

a
sa

l fe
a

tu
re

 id
e

n
tity

in
 stre

sse
d

 sylla
b

le
s, ca

n
 d

e
rive

 th
e

 e
ffe

ct o
f fo

o
t-b

o
u

n
d

e
d

 n
a

sa
l h

a
rm

o
n

y in
 G

u
a

ra
n

í.  In
co

m
b

in
a

tio
n

 w
ith

 fe
a

tu
ra

l m
a

rke
d

n
e

ss co
n

stra
in

ts, sh
e

 sh
o

w
s th

a
t fa

ith
 to

 stre
sse

d
p

o
sitio

n
s is a

lso
 ca

p
a

b
le

 o
f d

e
rivin

g
 th

e
 lim

ita
tio

n
 o

f p
h

o
n

e
m

ic n
a

sa
lity to

 stre
sse

d
vo

w
e

ls.  B
e

ckm
a

n
 (1

9
9

8
) la

ys o
u

t th
is a

n
a

lysis w
ith

 cla
rity, a

n
d

 th
e

 re
a

d
e

r is re
fe

rre
d

 to
th

a
t w

o
rk fo

r th
e

 d
e

ta
ils.

O
n

 th
e

 su
b

je
ct o

f sylla
b

le
 p

a
tte

rn
s w

ith
 vo

ice
d

 sto
p

s, B
e

ckm
a

n
 (1

9
9

8
) a

lso
d

e
ve

lo
p

s a
n

 in
sig

h
tfu

l a
n

a
lysis, d

ra
w

in
g

 o
n

 th
e

 a
p

e
rtu

re
-th

e
o

re
tic re

p
re

se
n

ta
tio

n
s o

f
se

g
m

e
n

ts p
ro

p
o

se
d

 b
y S

te
ria

d
e

 (1
9

9
3

a
, d

, 1
9

9
4

).  T
h

e
se

 stru
ctu

re
s d

istin
g

u
ish

 th
e

clo
su

re
 a

n
d

 re
le

a
se

 p
h

a
se

 o
f a

 sto
p

, e
n

a
b

lin
g

 p
re

n
a

sa
lize

d
 sto

p
s to

 b
e

 re
p

re
se

n
te

d
 a

s
n

a
sa

lize
d

 d
u

rin
g

 th
e

 clo
su

re
 b

u
t n

o
t th

e
 re

le
a

se
, a

s su
g

g
e

ste
d

 b
y S

te
ria

d
e

 (1
9

9
3

a
, d

,
1

9
9

4
).  M

a
kin

g
 u

se
 o

f a
 co

n
stra

in
t re

q
u

irin
g

 a
g

re
e

m
e

n
t fo

r n
a

sa
lity b

e
tw

e
e

n
 a

d
ja

ce
n

t
p

o
sitio

n
s o

f id
e

n
tica

l d
e

g
re

e
 o

f a
p

e
rtu

re
 (e

.g
. sto

p
 re

le
a

se
 a

n
d

 a
 fo

llo
w

in
g

 vo
w

e
l) a

n
d

 a
V

O
IN

A
S

 co
n

stra
in

t, d
e

m
a

n
d

in
g

 th
a

t th
e

 clo
su

re
 p

h
a

se
 o

f a
 vo

ice
d

 sto
p

 b
e

 n
a

sa
l,
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B
e

ckm
a

n
 is a

b
le

 to
 e

xp
la

in
 th

e
 sylla

b
le

 n
a

sa
liza

tio
n

 p
a

tte
rn

s fo
r vo

ice
d

 sto
p

s in
 G

u
a

ra
n

í.
F

o
r th

e
 d

e
ta

ils o
f th

is a
cco

u
n

t, th
e

 re
a

d
e

r is a
g

a
in

 re
fe

rre
d

 to
 B

e
ckm

a
n

’s w
o

rk.
5

T
he core analysis of nasal spreading to voiced stops in G

uaraní w
ill parallel that of

th
e

 T
u

ca
n

o
a

n
 fa

m
ily.  In

 G
u

a
ra

n
í, vo

ice
d

 sto
p

s u
n

d
e

rg
o

 n
a

sa
l sp

re
a

d
in

g
 w

h
e

n
 th

e
fo

llo
w

in
g

 vo
w

e
l is n

a
sa

l o
r b

e
co

m
e

s n
a

sa
l th

ro
u

g
h

 n
a

sa
l sp

re
a

d
in

g
.  T

h
is is re

a
lize

d
 w

ith
th

e
 sa

m
e

 kin
d

 o
f ra

n
kin

g
 a

s th
a

t re
q

u
ire

d
 fo

r m
o

rp
h

e
m

e
-in

te
rn

a
l sp

re
a

d
in

g
 in

 T
u

yu
ca

o
u

tlin
e

d
 in

 ch
a

p
te

r 3
 (a

n
d

 re
p

e
a

te
d

 in
 (6

) in
 th

is ch
a

p
te

r).  C
o

n
stra

in
ts b

a
n

n
in

g
 n

a
sa

lize
d

vo
ice

d
 o

b
stru

e
n

t sto
p

s a
re

 lo
ca

te
d

 in
 th

e
 P

1
 se

g
m

e
n

t a
lo

n
g

 w
ith

 o
n

e
s a

g
a

in
st vo

ice
le

ss
o

b
stru

e
n

t sto
p

s.  I DE
N

T-❀
O

[±
vo

ice
] is n

o
t vio

la
te

d
 b

y a
 n

a
sa

l re
a

liza
tio

n
 fo

r vo
ice

d
stops, so IDE

N
T-❀

O
[+

n
a

sa
l] m

a
p

s vo
ice

d
 sto

p
s to

 fu
lly n

a
sa

l so
n

o
ra

n
t sto

p
s.  G

u
a

ra
n

í
a

lso
 re

se
m

b
le

s th
e

 T
u

ca
n

o
a

n
 fa

m
ily in

 h
a

vin
g

 a
 se

t o
f su

ffixe
s fixe

d
 in

 th
e

ir n
a

sa
lity

sp
e

cifica
tio

n
.  T

h
is ca

n
 b

e
 h

a
n

d
le

d
 u

n
d

e
r th

e
 kin

d
 o

f a
n

a
lysis o

u
tlin

e
d

 in
 ch

a
p

te
r 3

, w
ith

a
 fa

ith
 co

n
stra

in
t fo

r th
e

 cla
ss o

f fixe
d

 a
ffixe

s o
u

tra
n

kin
g

 th
e

 co
n

stra
in

t d
rivin

g
 n

a
sa

l
sp

re
a

d
in

g
 in

 th
e

 w
o

rd
.

T
h

is co
n

clu
d

e
s th

e
 o

ve
rvie

w
 o

f G
u

a
ra

n
í n

a
sa

l h
a

rm
o

n
y a

n
d

 its a
n

a
lytica

l
im

p
lica

tio
n

s.  W
ith

 th
e

 p
a

tte
rn

 o
f G

u
a

ra
n

í n
a

sa
liza

tio
n

 in
 m

in
d

, I tu
rn

 in
 th

e
 n

e
xt se

ctio
n

to
 o

u
tlin

in
g

 th
e

 se
t-u

p
 o

f th
e

 a
co

u
stic stu

d
y o

f tra
n

sp
a

re
n

t vo
ice

le
ss sto

p
s.

4
.2

S
et-up

4.2.1
D

ata and data collection
T

h
e

 g
o

a
l o

f th
e

 p
re

se
n

t stu
d

y is to
 co

m
p

a
re

 th
e

 a
co

u
stic p

ro
p

e
rtie

s o
f in

te
rvo

ca
lic

vo
ice

le
ss sto

p
s in

 o
ra

l ve
rsu

s n
a

sa
l co

n
te

xts.
6  T

h
e

 d
a

ta
 fo

r th
is stu

d
y co

n
sist o

f

5  It sh
o

u
ld

 b
e

 n
o

te
d

 th
a

t th
e

 cro
ss-lin

g
u

istic b
e

h
a

vio
r o

f p
re

n
a

sa
lize

d
 sto

p
s in

 n
a

sa
l h

a
rm

o
n

y still
n

e
e

d
s fu

rth
e

r stu
d

y.  S
te

ria
d

e
’s a

p
e

rtu
re

-th
e

o
re

tic re
p

re
se

n
ta

tio
n

s h
a

ve
 b

ro
u

g
h

t n
e

w
 in

sig
h

t in
to

 th
is

a
re

a
.  Im

p
o

rta
n

tly, sin
ce

 S
te

ria
d

e
’s re

p
re

se
n

ta
tio

n
s p

o
sit a

 clo
su

re
 p

h
a

se
 fo

r p
re

n
a

sa
lize

d
 sto

p
s w

h
ich

is a
ctu

a
lly sp

e
cifie

d
 a

s [+
n

a
sa

l], th
e

y co
rre

ctly p
re

d
ict th

a
t p

re
n

a
sa

lize
d

 sto
p

s w
ill trig

g
e

r re
g

re
ssive

sp
re

a
d

in
g

 in
 G

u
a

ra
n

í.  A
 sim

ila
r p

a
tte

rn
 o

ccu
rs in

 T
in

rin
, a

 M
e

la
n

e
sia

n
 la

n
g

u
g

e
, w

h
e

re
 re

g
re

ssive
n

a
sa

l sp
re

a
d

in
g

 is trig
g

e
re

d
 b

y p
re

n
a

sa
lize

d
 sto

p
s a

lo
n

g
 w

ith
 n

a
sa

l sto
p

s a
n

d
 vo

w
e

ls (O
su

m
i 1

9
9

5
).

Y
e

t in
 so

m
e

 la
n

g
u

a
g

e
s it is le

ss cle
a

r th
a

t p
re

n
a

sa
lize

d
 sto

p
s a

re
 a

ctu
a

lly sp
e

cifie
d

 fo
r [+

n
a

sa
l] in

 a
n

y
p

o
rtio

n
 

o
f 

th
e

 
se

g
m

e
n

t. 
 

In
 

se
ve

ra
l 

o
f 

th
e

 
T

u
ca

n
o

a
n

 
la

n
g

u
a

g
e

s, 
vo

ice
d

 
sto

p
s 

a
re

 
re

a
lize

d
 

a
s

p
re

n
a

sa
lize

d
 (u

n
d

e
r ce

rta
in

 co
n

d
itio

n
s) in

 o
ra

l m
o

rp
h

e
m

e
s, a

n
d

 th
e

y d
o

 n
o

t trig
g

e
r n

a
sa

l sp
re

a
d

in
g

.
T

h
is su

g
g

e
sts th

a
t p

re
n

a
sa

liza
tio

n
 in

 th
e

 T
u

ca
n

o
a

n
 fa

m
ily ca

n
 o

ccu
r a

s a
 p

h
o

n
e

tic e
n

h
a

n
ce

m
e

n
t e

ffe
ct

to
 fa

vo
r vo

icin
g

 in
 sto

p
s (Ive

rso
n

 a
n

d
 S

a
lm

o
n

s 1
9

9
6

 a
lso

 p
ro

p
o

se
 th

is fo
r so

m
e

 M
ixte

ca
n

 la
n

g
u

a
g

e
s).

T
h

e
se

 d
iffe

re
n

ce
s su

g
g

e
st th

a
t se

g
m

e
n

ts w
h

ich
 h

a
ve

 b
e

e
n

 d
e

scrib
e

d
 p

h
o

n
e

tica
lly a

s p
re

n
a

sa
lize

d
 sto

p
s

in
 va

rio
u

s la
n

g
u

a
g

e
s m

a
y co

rre
sp

o
n

d
 to

 m
o

re
 th

a
n

 o
n

e
 p

h
o

n
o

lo
g

ica
l re

p
re

se
n

ta
tio

n
, so

m
e

 h
a

vin
g

 a
[+

n
a

sa
l] sp

e
cifica

tio
n

 a
n

d
 o

th
e

rs n
o

t (se
e

 Ive
rso

n
 a

n
d

 S
a

lm
o

n
s 1

9
9

6
 fo

r a
 sim

ila
r co

n
clu

sio
n

).
F

u
rth

e
r p

u
rsu

it o
f th

e
se

 issu
e

s is le
ft fo

r fu
tu

re
 re

se
a

rch
.

6  T
h

e
 p

re
se

n
t stu

d
y fo

cu
se

s o
n

 vo
ice

le
ss sto

p
s o

n
ly.  V

o
ice

le
ss frica

tive
s in

 G
u

a
ra

n
í a

re
 a

lso
 re

p
o

rte
d

to
 b

e
 tra

n
sp

a
re

n
t to

 n
a

sa
l h

a
rm

o
n

y, b
u

t b
e

ca
u

se
 o

f th
e

ir co
n

tin
u

a
n

cy, th
e

 in
ve

stig
a

tio
n

 o
f th

e
se

se
g

m
e

n
ts re

q
u

ire
s ra

th
e

r d
iffe

re
n

t p
o

in
ts o

f co
m

p
a

riso
n

.  S
e

e
 G

e
rfe

n
 (1

9
9

6
) fo

r a
 re

ce
n

t n
a

sa
l a

irflo
w

stu
d

y o
f tra

n
sp

a
re

n
t a

n
d

 b
lo

ckin
g

 vo
ice

le
ss frica

tive
s in

 th
e

 n
a

sa
l h

a
rm

o
n

y o
f C

o
a

tzo
sp

a
n

 M
ixte

c.
G

e
rfe

n
’s stu

d
y fin

d
s th

a
t n

a
sa

l a
irflo

w
 is m

a
in

ta
in

e
d

 d
u

rin
g

 a
 ‘tra

n
sp

a
re

n
t’ vo

ice
le

ss frica
tive

 (b
u

t se
e

O
h

a
la

, S
o

lé
, a

n
d

 Y
in

g
 1

9
9

8
 fo

r d
iscu

ssio
n

 o
f th

e
 w

e
a

ke
n

in
g

 e
ffe

cts o
f n

a
sa

l a
irflo

w
 o

n
 vo

ice
le

ss
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u
n

su
ffixe

d
 b

isylla
b

ic w
o

rd
s o

f th
e

 fo
rm

 (C
)V

C
V @, w

h
ich

 fo
llo

w
s th

e
 m

o
st co

m
m

o
n

p
a

tte
rn

 o
f G

u
a

ra
n

í stre
ss in

 ro
o

ts.  In
 so

m
e

 w
o

rd
s th

e
 in

itia
l co

n
so

n
a

n
t is a

 p
ro

n
o

m
in

a
l

p
re

fix in
clu

d
e

d
 in

 th
e

 d
o

m
a

in
 o

f n
a

sa
l h

a
rm

o
n

y.  T
h

e
 m

e
d

ia
l co

n
so

n
a

n
t in

 a
ll w

o
rd

s w
a

s
a voiceless stop, [p], [t], or [k], w

hich form
ed the subject of investigation.  E

ach bisyllabic
w

o
rd

 d
e

fin
e

s a
 n

a
sa

l h
a

rm
o

n
y d

o
m

a
in

, w
h

e
re

 th
e

 n
a

sa
lity o

f th
e

 stre
sse

d
 vo

w
e

l
d

e
te

rm
in

e
s th

e
 o

ra
l/n

a
sa

l q
u

a
lity o

f th
e

 w
o

rd
.  In

 n
a

sa
l w

o
rd

s, b
o

th
 vo

w
e

ls a
re

 n
a

sa
l b

y
re

g
re

ssive
 sp

re
a

d
in

g
 fro

m
 th

e
 fin

a
l stre

sse
d

 n
a

sa
l vo

w
e

l, a
n

d
 in

 o
ra

l w
o

rd
s, b

o
th

 vo
w

e
ls

a
re

 o
ra

l.  S
ix o

ra
l/n

a
sa

l n
e

a
r m

in
im

a
l p

a
irs w

e
re

 co
m

p
a

re
d

 fo
r e

a
ch

 o
f th

e
 th

re
e

 p
la

ce
s o

f
a

rticu
la

tio
n

 fo
r vo

ice
le

ss sto
p

s; in
 th

e
 ca

se
 o

f [t], th
e

re
 w

e
re

 se
ve

n
 w

o
rd

 p
a

irs.  W
o

rd
p

a
irs m

a
tch

e
d

 m
in

im
a

lly in
 th

e
 p

la
ce

 o
f th

e
 m

e
d

ia
l sto

p
, in

 th
e

 h
e

ig
h

t o
f th

e
 vo

w
e

ls
fo

llo
w

in
g

 th
e

 vo
ice

le
ss sto

p
, a

n
d

 in
 th

e
 h

e
ig

h
t o

f th
e

 vo
w

e
ls p

re
ce

d
in

g
 th

e
 vo

ice
le

ss
sto

p
.  S

o
m

e
 e

xa
m

p
le

s a
re

 g
ive

n
 in

 (7
).  A

 co
m

p
le

te
 list o

f th
e

 w
o

rd
 p

a
irs u

se
d

 in
 th

e
stu

d
y is g

ive
n

 in
 th

e
 a

p
p

e
n

d
ix o

f th
is ch

a
p

te
r (se

ctio
n

 4
.6

).

(7)
E

xam
ples of G

uaraní bisyllabic w
ord pairs:

N
a

sa
l

O
ra

l

(C
)V

)C
V

)ê
(C

)V
C

V
è

a.
[p

o
)p
i ‚è]

‘to
 p

e
e

l, strip
’

[ d
jo

p
iè]

‘to
 itch

’

b
.

[ta
)ti ‚è]

‘h
o

rn
’

[ta
tiè]

‘d
a

u
g

h
te

r-in
-la

w
’

c.
[o

)k
e
)è)]

‘d
o

o
r’

[o
k
e
è]

‘to
 sle

e
p

’

T
h

e
 la

n
g

u
a

g
e

 co
n

su
lta

n
t fo

r th
e

 stu
d

y w
a

s a
 P

a
ra

g
u

a
ya

n
 m

a
le

, 3
2

 ye
a

rs o
f a

g
e

,
w

h
o

 h
a

s sp
o

ke
n

 G
u

a
ra

n
í sin

ce
 b

e
fo

re
 th

e
 a

g
e

 o
f 1

0
.  T

h
e

 co
n

su
lta

n
t’s p

ro
ficie

n
cy in

 th
e

la
n

g
u

a
g

e
 in

clu
d

e
s b

o
th

 n
a

tive
 flu

e
n

cy a
n

d
 n

a
tive

 a
cce

n
t a

b
ility.  T

h
e

 co
n

te
xt o

f u
se

 fo
r

th
is sp

e
a

ke
r is a

s a
 sp

o
ke

n
 la

n
g

u
a

g
e

, ra
re

ly a
s a

 w
ritte

n
 o

n
e

.  T
h

e
 la

n
g

u
a

g
e

 w
a

s sp
o

ke
n

b
y th

e
 co

n
su

lta
n

t m
o

st fre
q

u
e

n
tly in

 th
e

 co
u

n
trysid

e
 o

r m
a

rke
tp

la
ce

, co
rre

sp
o

n
d

in
g

 to
 a

co
m

m
o

n
 so

cio
lin

g
u

istic situ
a

tio
n

 o
f la

n
g

u
a

g
e

 u
se

 in
 P

a
ra

g
u

a
y.  O

th
e

r la
n

g
u

a
g

e
s sp

o
ke

n
b

y th
e

 co
n

su
lta

n
t a

re
 S

p
a

n
ish

, P
o

rtu
g

u
e

se
, a

n
d

 E
n

g
lish

.  A
t th

e
 tim

e
 th

e
 re

co
rd

in
g

s w
e

re
m

a
d

e
, th

e
 co

n
su

lta
n

t h
a

d
 sp

e
n

t th
re

e
 sch

o
o

l ye
a

rs o
u

tsid
e

 o
f P

a
ra

g
u

a
y (in

 E
n

g
la

n
d

 a
n

d
th

e
 U

n
ite

d
 S

ta
te

s), b
u

t h
e

 re
tu

rn
e

d
 to

 P
a

ra
g

u
a

y fo
r fo

u
r m

o
n

th
s o

f e
a

ch
 o

f th
o

se
 ye

a
rs,

d
u

rin
g

 w
h

ich
 h

e
 w

o
u

ld
 sp

e
a

k G
u

a
ra

n
í a

n
d

 S
p

a
n

ish
.  T

h
e

 w
ritte

n
 w

o
rd

 list w
a

s ca
re

fu
lly

frica
tive

s).  In
 a

n
 a

co
u

stic stu
d

y, frica
tive

 n
a

sa
liza

tio
n

 co
u

ld
 p

e
rh

a
p

s b
e

 ju
d

g
e

d
 b

y co
m

p
a

rin
g

a
m

p
litu

d
e

 o
f th

e
 frica

tive
 e

n
e

rg
y —

 th
is m

ig
h

t b
e

 stro
n

g
e

r o
r fo

cu
se

d
 a

t d
iffe

re
n

t fre
q

u
e

n
cie

s if th
e

re
w

e
re

 n
a

sa
l a

irflo
w

 —
 h

o
w

e
ve

r, a
 m

o
re

 d
ire

ct te
ch

n
iq

u
e

, su
ch

 a
s d

ire
ct e

xa
m

in
a

tio
n

 o
f th

e
 ve

lu
m

p
o

sitio
n

, w
o

u
ld

 g
ive

 firm
e

r re
su

lts.
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re
vie

w
e

d
 w

ith
 th

e
 co

n
su

lta
n

t in
 a

d
va

n
ce

 o
f th

e
 re

co
rd

in
g

 to
 e

n
su

re
 fa

m
ilia

rity w
ith

 a
ll o

f
th

e
 w

o
rd

s.  W
ith

 th
is a

d
va

n
ce

 e
xp

o
su

re
, th

e
 w

ritte
n

 fo
rm

a
t o

f th
e

 list d
id

 n
o

t p
o

se
 a

p
ro

b
le

m
, sin

ce
 m

a
n

y o
f th

e
 o

rth
o

g
ra

p
h

ic co
n

ve
n

tio
n

s o
f G

u
a

ra
n

í fo
llo

w
 S

p
a

n
ish

 o
n

e
s.

T
h

e
 re

co
rd

in
g

s w
e

re
 m

a
d

e
 w

ith
 th

e
 sp

e
a

ke
r re

a
d

in
g

 in
to

 a
 m

icro
p

h
o

n
e

 in
 a

so
u

n
d

-in
su

la
te

d
 ro

o
m

 in
 th

e
 p

h
o

n
e

tics la
b

o
ra

to
ry a

t th
e

 U
n

ive
rsity o

f M
a

ssa
ch

u
se

tts a
t

A
m

h
e

rst. 7  W
o

rd
s w

e
re

 re
a

d
 in

 a
n

 o
ra

l w
o

rd
 fra

m
e

: [
e
re

 ‘X
’ 

d
je

ˆ] ‘sa
y ‘X

’ a
g

a
in

’.  In
this sentence, the m

ain stress fell on the final vow
el of the bisyllabic C

V
C

V
 w

ord.  N
asal

h
a

rm
o

n
y d

id
 n

o
t e

xte
n

d
 a

cro
ss w

o
rd

 b
o

u
n

d
a

rie
s, le

a
vin

g
 th

e
 m

e
d

ia
l w

o
rd

 u
n

a
ffe

cte
d

 b
y

th
e

 fra
m

e
 w

o
rd

s.  W
o

rd
s w

e
re

 re
a

d
 a

t a
 n

o
rm

a
l sp

e
e

ch
 ra

te
 g

ro
u

p
e

d
 in

 ra
n

d
o

m
 b

a
tch

e
s

o
f 1

2
 d

iffe
re

n
t w

o
rd

s.  O
f e

a
ch

 b
a

tch
 o

f 1
2

 ite
m

s, th
e

 first a
n

d
 la

st to
ke

n
 w

e
re

 d
isca

rd
e

d
,

a
s in

to
n

a
tio

n
 a

n
d

 e
m

p
h

a
sis w

a
s so

m
e

tim
e

s a
ffe

cte
d

 a
t th

e
se

 b
o

u
n

d
a

rie
s.  B

re
a

ks in
re

co
rd

in
g

 w
e

re
 ta

ke
n

 a
s n

e
e

d
e

d
.  A

 to
ta

l o
f six va

lid
 re

p
e

titio
n

s o
f e

a
ch

 w
o

rd
 w

e
re

re
co

rd
e

d
.

4.2.2
Instrum

ental analysis

T
h

e
 re

co
rd

in
g

s w
e

re
 d

ig
itize

d
 u

sin
g

 a
 sa

m
p

lin
g

 ra
te

 o
f 2

0
,0

0
0

 H
z.  D

u
ra

tio
n

s o
f va

rio
u

s
o

f th
e

 se
g

m
e

n
ta

l co
m

p
o

n
e

n
ts w

e
re

 m
e

a
su

re
d

 o
n

 a
 K

a
y E

le
m

e
trics C

o
m

p
u

te
rize

d
 S

p
e

e
ch

L
a

b
 M

o
d

e
l 4

3
0

0
 a

t th
e

 U
n

ive
rsity o

f C
a

lifo
rn

ia
, S

a
n

ta
 C

ru
z, m

a
kin

g
 re

fe
re

n
ce

 to
 b

o
th

w
a

ve
fo

rm
s a

n
d

 sp
e

ctro
g

ra
m

s.  O
n

 e
a

ch
 d

ig
itize

d
 to

ke
n

, fo
u

r p
o

in
ts w

e
re

 ta
g

g
e

d
.  T

h
e

crite
ria

 b
y w

h
ich

 th
e

se
 p

o
in

ts w
e

re
 id

e
n

tifie
d

 a
re

 d
e

scrib
e

d
 b

e
lo

w
, a

n
d

 th
e

y a
re

illustrated on the w
aveform

 and spectrogram
 in (8) show

ing the V
C

V
 segm

ent of the oral
w

o
rd

 [p
o
k
o
@] ‘to

 to
u

ch
’.  T

h
e

 first p
o

in
t (a

) m
a

rks th
e

 in
itia

tio
n

 o
f clo

su
re

 fo
r th

e
 m

e
d

ia
l

vo
ice

le
ss sto

p
.  T

h
is is sig

n
a

lle
d

 b
y th

e
 b

e
g

in
n

in
g

 o
f a

 g
a

p
 in

 th
e

 sp
e

ctro
g

ra
m

 a
t th

e
 e

n
d

o
f vo

w
e

l fo
rm

a
n

t stru
ctu

re
 fo

r th
e

 first vo
w

e
l.  T

h
e

 se
co

n
d

 p
o

in
t (b

) m
a

rks th
e

 e
n

d
 o

f
vo

icin
g

 in
to

 th
e

 sto
p

, sig
n

a
lle

d
 b

y th
e

 e
n

d
 o

f p
e

rio
d

ic o
scilla

tio
n

s a
fte

r th
e

 first vo
w

e
l in

th
e

 w
a

ve
fo

rm
.  T

h
e

 th
ird

 p
o

in
t (c) m

a
rks th

e
 re

le
a

se
 o

f sto
p

 clo
su

re
.  T

h
is is sig

n
a

lle
d

 b
y

th
e

 o
ccu

rre
n

ce
 o

f a
 b

u
rst sp

ike
 o

n
 th

e
 sp

e
ctro

g
ra

m
 a

n
d

 th
e

 in
itia

tio
n

 o
f a

p
e

rio
d

ic ‘n
o

ise
’

o
n

 th
e

 w
a

ve
fo

rm
.  F

in
a

lly, (d
) m

a
rks th

e
 o

n
se

t o
f vo

icin
g

 in
 th

e
 fo

llo
w

in
g

 vo
w

e
l,

in
d

ica
te

d
 o

n
 th

e
 w

a
ve

fo
rm

 b
y th

e
 re

su
m

p
tio

n
 o

f p
e

rio
d

ic o
scilla

tio
n

s a
fte

r th
e

 a
p

e
rio

d
ic

b
u

rst e
n

e
rg

y.  O
n

 th
e

 sp
e

ctro
g

ra
m

 th
is co

rre
sp

o
n

d
s to

 th
e

 b
e

g
in

n
in

g
 o

f a
 vo

icin
g

 b
a

r
and/or vertical striations.

7  I a
m

 g
ra

te
fu

l to
 Jo

h
n

 K
in

g
sto

n
 fo

r p
e

rm
issio

n
 to

 u
se

 th
e

 P
h

o
n

e
tic L

a
b

 a
t th

e
 U

n
ive

rsity o
f

M
a

ssa
ch

u
se

tts a
n

d
 fo

r h
e

lp
 w

ith
 se

ttin
g

 u
p

 th
e

 stu
d

y a
s w

e
ll a

s p
ro

vid
in

g
 co

m
m

e
n

ts o
n

 a
n

a
lysis o

f th
e

d
a

ta
.   I w

o
u

ld
 a

lso
 like

 to
 e

xp
re

ss th
a

n
ks to

 Ja
ye

 P
a

d
g

e
tt a

n
d

 Jo
h

n
 O

h
a

la
 fo

r d
iscu

ssio
n

 o
f a

sp
e

cts o
f

th
e

 d
a

ta
 a

n
a

lysis a
n

d
 to

 Jo
h

n
 M

cC
a

rth
y fo

r sp
o

n
so

rin
g

 m
y visit to

 th
e

 U
n

ive
rsity o

f M
a

ssa
ch

u
se

tts.
A

n
y e

rro
rs a

re
 e

n
tire

ly m
y o

w
n

 a
n

d
 a

re
 n

o
t a

 re
fle

ctio
n

 o
n

 a
n

y o
f th

e
se

 in
d

ivid
u

a
ls.  T

h
a

n
ks to

M
a

n
u

e
l F

e
rre

ira
 fo

r co
n

su
lta

tio
n

 o
n

 th
e

 G
u

a
ra

n
í la

n
g

u
a

g
e

.
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B
e

ca
u

se
 o

f th
e

 ro
o

t-fin
a

l stre
ss in

 th
e

 b
isylla

b
ic w

o
rd

s, th
e

 a
m

p
litu

d
e

 o
f th

e
se

co
n

d
 

vo
w

e
l 

w
a

s 
m

u
ch

 
g

re
a

te
r 

th
a

n
 

th
e

 
first, 

o
fte

n
 

re
su

ltin
g

 
in

 
a

 
ve

ry 
w

e
a

k
spectrographic im

age for the first vow
el.  In m

any tokens this m
ade it difficult to identify

th
e

 in
itia

tio
n

 o
f clo

su
re

 in
 a

n
 u

n
m

o
d

ifie
d

 sp
e

ctro
g

ra
m

, b
e

ca
u

se
 fo

rm
a

n
t stru

ctu
re

 fo
r th

e
first ro

o
t vo

w
e

l w
a

s ve
ry fa

in
t.  In

 o
rd

e
r to

 e
n

h
a

n
ce

 visib
ility o

f th
e

 fo
rm

a
n

ts in
 th

e
u

n
stre

sse
d

 vo
w

e
l, tw

o
 ste

p
s w

e
re

 ta
ke

n
.  F

irst, th
e

 a
m

p
litu

d
e

 o
f th

e
 sp

e
e

ch
 sig

n
a

l w
a

s
in

cre
a

se
d

 b
y a

 fa
cto

r o
f tw

o
 fro

m
 th

e
 o

rig
in

a
l to

 im
p

ro
ve

 th
e

 d
a

rkn
e

ss o
f th

e
 d

isp
la

ye
d

im
a

g
e

.  T
h

e
 sp

e
ctro

g
ra

m
s sh

o
w

n
 in

 th
is ch

a
p

te
r h

a
ve

 u
n

d
e

rg
o

n
e

 th
is d

o
u

b
le

 g
a

in
.  If th

e
in

cre
a

se
d

 a
m

p
litu

d
e

 w
a

s still n
o

t su
fficie

n
t to

 re
ve

a
l th

e
 b

o
u

n
d

a
rie

s o
f th

e
 first vo

w
e

l,
p

re
-e

m
p

h
a

sis w
a

s a
p

p
lie

d
 to

 fla
tte

n
 th

e
 sp

e
ctra

l sh
a

p
e

 o
f th

e
 vo

ice
d

 sp
e

e
ch

 sig
n

a
l a

n
d

b
rin

g
 o

u
t th

e
 sp

e
ctra

l ch
a

ra
cte

ristics o
f th

e
 h

ig
h

e
r fre

q
u

e
n

cie
s w

ith
 sim

ila
r re

so
lu

tio
n

 to
th

o
se

 o
f th

e
 lo

w
e

r fre
q

u
e

n
cie

s.  T
h

is m
a

d
e

 visib
le

 th
e

 a
re

a
s o

f th
e

 sig
n

a
l w

h
e

re
 fo

rm
a

n
t

e
n

e
rg

y o
ccu

rre
d

.  S
in

ce
 th

e
 re

su
ltin

g
 sp

e
ctro

g
ra

m
 d

isto
rte

d
 o

th
e

r p
ro

p
e

rtie
s o

f th
e

signal, such as voicing, the other points w
ere m

arked before pre-em
phasis w

as perform
ed

(pre-em
phasis is not perform

ed in the spectrogram
 in (8)).

F
ro

m
 th

e
 fo

u
r m

a
rke

d
 p

o
in

ts o
n

 e
a

ch
 to

ke
n

, va
rio

u
s d

u
ra

tio
n

s w
e

re
 m

e
a

su
re

d
.

T
h

e
 fo

llo
w

in
g

 re
p

o
rt fo

cu
se

s o
n

 five
 o

f th
e

se
 d

u
ra

tio
n

s: (i)  C
lo

su
re

 V
o

icin
g

, w
h

ich
m

e
a

su
re

s fro
m

 in
itia

tio
n

 o
f sto

p
 clo

su
re

 (8
a

) to
 th

e
 e

n
d

 o
f vo

icin
g

 a
fte

r th
e

 first vo
w

e
l

(8
b

); (ii)  C
lo

su
re

 D
u

ra
tio

n
, m

e
a

su
rin

g
 fro

m
 in

itia
tio

n
 o

f clo
su

re
 (8

a
) to

 th
e

 re
le

a
se

 o
f

clo
su

re
 (8

c).  (iii) V
o

ice
le

ss C
lo

su
re

 D
u

ra
tio

n
, fro

m
 th

e
 p

o
in

t o
f e

n
d

 o
f vo

icin
g

 in
to

 th
e

stop (8b) to the release of closure (8c); (iv)  V
oice O

nset T
im

e, m
easuring from

 the release
o

f sto
p

 clo
su

re
 (8

c) to
 th

e
 o

n
se

t o
f vo

icin
g

 (8
d

); a
n

d
 (v) T

o
ta

l V
o

ice
le

ss P
e

rio
d

, th
e

d
u

ra
tio

n
 fro

m
 th

e
 e

n
d

 o
f vo

icin
g

 in
to

 th
e

 sto
p

 (8
b

) to
 th

e
 o

n
se

t o
f vo

icin
g

 in
 th

e
fo

llo
w

in
g

 vo
w

e
l (8

d
).  E

a
ch

 o
f th

e
se

 d
u

ra
tio

n
s w

e
re

 m
e

a
su

re
d

 fo
r a

ll six to
ke

n
s o

f e
a

ch
o

ra
l w

o
rd

 a
n

d
 th

e
n

 a
ve

ra
g

e
d

 a
n

d
 co

m
p

a
re

d
 w

ith
 th

e
 a

ve
ra

g
e

 fo
r th

e
 n

a
sa

l p
a

ir w
o

rd
.

C
o

m
p

a
riso

n
s w

e
re

 m
a

d
e

 b
y o

ra
l ve

rsu
s n

a
sa

l w
o

rd
s a

cro
ss a

n
d

 w
ith

in
 p

la
ce

s o
f

a
rticu

la
tio

n
 fo

r th
e

 m
e

d
ia

l sto
p

.  C
o

m
p

u
ta

tio
n

s a
n

d
 sta

tistica
l a

n
a

lysis w
e

re
 p

e
rfo

rm
e

d
u

sin
g

 E
xce

l 5
.0

 so
ftw

a
re

.  T
h

e
 a

n
a

lyse
s o

f va
ria

n
ce

 in
 o

ra
l ve

rsu
s n

a
sa

l w
o

rd
s w

e
re

te
ste

d
 u

sin
g

 a
 tw

o
-fa

cto
r A

n
o

va
.  T

h
e

 re
su

lts a
re

 re
p

o
rte

d
 o

n
 a

n
d

 in
te

rp
re

te
d

 in
 th

e
fo

llo
w

in
g

 se
ctio

n
.

4
.3

R
esults

T
h

e
 re

su
lts o

f th
e

 stu
d

y a
re

 p
re

se
n

te
d

 a
t th

re
e

 le
ve

ls o
f d

e
ta

il.  F
irst I su

m
m

a
rize

 th
e

g
e

n
e

ra
l p

a
tte

rn
s o

f clo
su

re
 a

n
d

 vo
ice

 tim
in

g
 co

m
m

o
n

 to
 o

ra
l a

n
d

 n
a

sa
l w

o
rd

s.  T
h

e
n

 I
d

iscu
ss d

iffe
re

n
t p

ro
p

e
rtie

s o
f tim

in
g

 in
 o

ra
l ve

rsu
s n

a
sa

l w
o

rd
s ta

ke
n

 a
s a

 w
h

o
le

 a
cro

ss

- 192 -

th
e

 sa
m

p
le

, fo
llo

w
e

d
 in

 e
a

ch
 ca

se
 b

y a
n

 e
xa

m
in

a
tio

n
 o

f th
e

 e
ffe

ct o
f p

la
ce

 o
f a

rticu
la

tio
n

o
n

 a
n

y tim
in

g
 d

iffe
re

n
ce

s.  It w
ill e

m
e

rg
e

 th
a

t th
e

re
 a

re
 in

te
re

stin
g

 d
iffe

re
n

ce
s in

 th
e

tim
in

g
 p

ro
p

e
rtie

s o
f vo

ice
le

ss sto
p

s in
 o

ra
l ve

rsu
s n

a
sa

l w
o

rd
s, b

u
t w

o
rd

s w
ith

 ve
la

r
sto

p
s a

re
 o

fte
n

 th
e

 e
xce

p
tio

n
 to

 th
e

 g
e

n
e

ra
liza

tio
n

s.  T
h

is, I p
ro

p
o

se
, is e

xp
la

in
e

d
 b

y a
threshold effect for /k/, w

hich I suggest achieves a sufficient or m
axim

al voice onset tim
e.

4.3.1
G

eneral patterns
I b

e
g

in
 b

y re
m

a
rkin

g
 o

n
 th

e
 g

e
n

e
ra

l p
a

tte
rn

in
g

 o
f vo

ice
le

ss sto
p

s in
 b

o
th

 o
ra

l a
n

d
 n

a
sa

l
w

o
rd

s.  O
n

e
 fo

ca
l o

b
se

rva
tio

n
 is th

a
t /p

, t, k/ a
re

 typ
ica

lly re
a

lize
d

 a
s o

ra
l o

b
stru

e
n

t sto
p

s
in

 b
o

th
 o

ra
l a

n
d

 n
a

sa
l sp

a
n

s.  In
 n

a
sa

l sp
a

n
s it is n

o
t th

e
 ca

se
 th

a
t th

e
y b

e
co

m
e

 fu
lly

vo
ice

d
 o

r fu
lly n

a
sa

l d
u

rin
g

 th
e

 clo
su

re
, n

o
r a

re
 th

e
y p

ro
d

u
ce

d
 a

s vo
ice

le
ss n

a
sa

l sto
p

s.
T

he absence of voicing for a substantial period during the stop is clearly discernible from
b

o
th

 th
e

 sp
e

ctro
g

ra
m

 a
n

d
 w

a
ve

fo
rm

.  T
h

e
 o

ra
lity is e

vid
e

n
t fro

m
 th

e
 g

a
p

 d
u

rin
g

 th
e

clo
su

re
, in

d
ica

tin
g

 th
e

 a
b

se
n

ce
 o

f th
e

 e
n

e
rg

y th
a

t w
o

u
ld

 b
e

 p
ro

d
u

ce
d

 b
y n

a
sa

l a
irflo

w
.

T
h

e
 

sto
p

s 
a

re
 

a
lso

 
a

cco
m

p
a

n
ie

d
 

b
y 

a
 

ro
b

u
st 

b
u

rst, 
sh

o
w

in
g

 
th

a
t 

p
re

ssu
re

 
h

a
s

a
ccu

m
u

la
te

d
 b

e
h

in
d

 th
e

 clo
su

re
 in

 th
e

 o
ra

l ca
vity, a

n
d

 so
 a

ir h
a

s n
o

t e
sca

p
e

d
 fre

e
ly

th
ro

u
g

h
 th

e
 n

a
sa

l p
a

ssa
g

e
.  A

 sa
m

p
le

 sp
e

ctro
g

ra
m

 a
n

d
 w

a
ve

fo
rm

 fo
r th

e
 n

a
sa

l w
o

rd
[o

)k
e
) @] ‘door’ is show

n in (9).
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T
h

is a
co

u
stic in

fo
rm

a
tio

n
 co

n
firm

s th
e

 tra
n

sp
a

re
n

cy e
ffe

ct th
a

t h
a

s b
e

e
n

 re
p

o
rte

d
 in

 th
e

G
u

a
ra

n
í g

ra
m

m
a

rs.  T
h

e
 su

rfa
ce

 o
ra

lity o
f th

e
 ‘tra

n
sp

a
re

n
t’ vo

ice
le

ss sto
p

s is co
n

siste
n

t
w

ith
 th

e
 a

n
a

lysis o
f tra

n
sp

a
re

n
cy a

s a
n

 o
p

a
city e

ffe
ct: th

e
 o

u
tp

u
t re

p
re

se
n

ta
tio

n
 p

o
site

d
fo

r th
e

se
 se

g
m

e
n

ts is a
n

 o
ra

l o
n

e
, th

e
y a

re
 tru

ly n
o

n
-n

a
sa

l a
t th

e
 su

rfa
ce

.  T
h

e
se

tra
n

sp
a

re
n

t se
g

m
e

n
ts ca

n
n

o
t b

e
 a

n
a

lyze
d

 a
s in

sta
n

ce
s o

f ‘fa
lse

 tra
n

sp
a

re
n

cy’ w
h

e
re

 th
e

ve
lu

m
 re

m
a

in
s lo

w
e

re
d

 th
ro

u
g

h
o

u
t th

e
 fu

ll d
u

ra
tio

n
 o

f th
e

 se
g

m
e

n
t.

8

A
n

o
th

e
r p

o
in

t o
n

 th
e

 su
b

je
ct o

f co
m

m
o

n
 a

co
u

stic p
a

tte
rn

s co
n

ce
rn

s vo
ice

 tim
in

g
.

In
 b

o
th

 o
ra

l a
n

d
 n

a
sa

l e
n

viro
n

m
e

n
ts, vo

icin
g

 p
e

rsists p
a

rt-w
a

y in
to

 th
e

 sto
p

 clo
su

re
.  T

h
e

clo
su

re
 vo

icin
g

 is fo
llo

w
e

d
 b

y a
 p

e
rio

d
 o

f vo
ice

le
ssn

e
ss, w

h
ich

 b
e

g
in

s d
u

rin
g

 th
e

 clo
su

re
a

n
d

 p
e

rsists fo
r a

 p
e

rio
d

 a
fte

r th
e

 re
le

a
se

.  A
lth

o
u

g
h

 th
is b

a
sic m

o
d

e
l ch

a
ra

cte
rize

s
vo

ice
le

ss sto
p

s in
 b

o
th

 co
n

te
xts, so

m
e

 o
f th

e
 d

e
ta

ils o
f th

e
 tim

in
g

 d
iffe

r b
y e

n
viro

n
m

e
n

t.
T

h
e

se
 d

iffe
re

n
ce

s a
re

 d
iscu

sse
d

 b
e

lo
w

.  F
irst I o

u
tlin

e
 th

e
 e

ffe
cts th

a
t w

e
re

 d
isco

ve
re

d
 to

b
e

 co
n

d
itio

n
e

d
 b

y n
a

sa
l e

n
viro

n
m

e
n

ts, a
n

d
 th

e
n

 b
y co

m
p

a
rin

g
 a

sp
e

cts th
a

t re
m

a
in

 fixe
d

,
I p

o
sit a

 d
e

fin
in

g
 a

co
u

stic p
ro

p
e

rty o
f vo

ice
le

ss sto
p

s.

4.3.2
E

ffect 1: R
atio of closure duration to voice onset tim

e
O

n
e

 o
f th

e
 m

a
jo

r co
n

te
xt-in

d
u

ce
d

 e
ffe

cts fo
u

n
d

 in
 th

is stu
d

y is th
a

t th
e

 a
ve

ra
g

e
 ra

tio
 o

f
clo

su
re

 d
u

ra
tio

n
 to

 vo
ice

 o
n

se
t tim

e
 (C

D
/V

O
T

), i.e
. th

e
 a

ve
ra

g
e

 o
f th

e
 C

D
/V

O
T

 ra
tio

s, is
o

ve
ra

ll sig
n

ifica
n

tly sm
a

lle
r in

 n
a

sa
l co

n
te

xts th
a

n
 in

 o
ra

l o
n

e
s.  T

h
e

 re
a

so
n

 th
a

t th
e

C
D

/V
O

T
 ra

tio
 w

a
s ca

lcu
la

te
d

 ra
th

e
r th

a
n

 o
n

ly e
va

lu
a

tin
g

 clo
su

re
 a

n
d

 vo
ice

 o
n

se
t tim

e
se

p
a

ra
te

ly w
a

s to
 co

n
tro

l fo
r a

n
y w

o
rd

-to
-w

o
rd

 o
r to

ke
n

-to
-to

ke
n

 va
ria

tio
n

 in
 sp

e
a

kin
g

ra
te

.  T
h

e
 in

d
ivid

u
a

l co
n

trib
u

tio
n

s o
f th

e
 d

iffe
re

n
ce

s in
 clo

su
re

 le
n

g
th

 a
n

d
 vo

ice
 o

n
se

t
tim

e
 w

ill b
e

 e
xa

m
in

e
d

 p
re

se
n

tly.  T
h

e
 d

iffe
re

n
ce

 in
 th

e
 ra

tio
s o

f clo
su

re
 d

u
ra

tio
n

 o
ve

r
vo

ice
 o

n
se

t tim
e

 a
re

 g
ive

n
 in

 (1
0

), ta
ke

n
 a

cro
ss a

ll th
re

e
 p

la
ce

s o
f a

rticu
la

tio
n

.  T
h

e
a

ve
ra

g
e

 fo
r o

ra
l co

n
te

xts o
f 7

.3
7

5
 is g

re
a

te
r th

a
n

 th
e

 n
a

sa
l a

ve
ra

g
e

 o
f 5

.5
9

7
, a

 d
iffe

re
n

ce
w

hich is statistically significant (p <
0.0001).

8  A
 cu

rso
ry e

xa
m

in
a

tio
n

 o
f so

m
e

 a
u

d
io

 re
co

rd
in

g
s o

f D
e

sa
n

o
 (T

u
ca

n
o

a
n

; C
o

lo
m

b
ia

) sh
o

w
e

d
 th

e
sa

m
e

 b
a

sic su
rfa

ce
 tra

n
sp

a
re

n
t ch

a
ra

cte
r fo

r vo
ice

le
ss sto

p
s in

 n
a

sa
l m

o
rp

h
e

m
e

s (re
co

rd
in

g
s w

e
re

m
a

d
e

 b
y Jo

n
a

th
a

n
 K

a
ye

 1
9

6
5

-1
9

6
6

).  I a
m

 g
ra

te
fu

l to
 Jo

n
a

th
a

n
 K

a
ye

 fo
r m

a
kin

g
 h

is re
co

rd
in

g
s o

f
D

e
sa

n
o

 a
va

ila
b

le
 to

 m
e

.
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(10)
C

losure duration/V
oice onset tim

e (C
D

/V
O

T
): results across sam

ple

C
D

/V
O

T

0
2

4
6

8

C
D

/V
O

T

O
ral

N
asal

O
ral       >

N
a

sa
l

N
um

ber of tokens
108

108

V
ariance

9
.9

9
0

6
.1

0
9

A
verage C

D
/V

O
T

7
.3

7
5       >

5
.5

9
7

d
f =

1
, F

 =
3

4
.0

2
, p <

 0
.0

0
0

1

T
h

e
 ca

u
se

 fo
r th

e
 d

iffe
re

n
ce

 in
 th

e
 ra

tio
 o

f clo
su

re
 to

 vo
ice

 o
n

se
t tim

e
 ca

n
 b

e
tra

ce
d

 to
 b

o
th

 o
f th

e
 lo

g
ica

lly p
o

ssib
le

 co
n

trib
u

to
rs: in

 n
a

sa
l co

n
te

xts vo
ice

 o
n

se
t tim

e
s

a
re

 lo
n

g
e

r a
n

d
 clo

su
re

 d
u

ra
tio

n
s a

re
 sh

o
rte

r.  T
h

e
 a

ve
ra

g
e

 vo
ice

 o
n

se
t tim

e
s a

re
 g

ive
n

 in
(1

1
): 2

6
.6

4
 m

se
c. in

 o
ra

l w
o

rd
s a

n
d

 3
2

.8
0

 m
se

c. in
 n

a
sa

l w
o

rd
s (

p
 <

0
.0

0
0

1
).  T

h
e

 g
re

a
te

r
va

lu
e

s in
 n

a
sa

l w
o

rd
s g

ive
 a

 g
re

a
te

r d
e

n
o

m
in

a
to

r in
 C

D
/V

O
T

, yie
ld

in
g

 sm
a

lle
r ra

tio
s fo

r
n

a
sa

l e
n

viro
n

m
e

n
ts.

(11)
G

reater V
O

T
 in nasal contexts.

V
O

T

0
10

20
30

40

V
O

T

O
ral

N
asal

O
ral       <

N
a

sa
l

N
um

ber of tokens
108

108

V
ariance

0
.1

3
0

.1
4

A
vg. V

O
T

 (m
sec.)

2
6

.6
4       <

3
2

.8
0

d
f =

1
, F

 =
2

6
.8

8
, p <

 0
.0

0
0

1

A
ve

ra
g

e
 clo

su
re

 d
u

ra
tio

n
s fo

r th
e

 in
te

rvo
ca

lic vo
ice

le
ss sto

p
s a

re
 sh

o
w

n
 in

 (1
2

).
T

h
e

 a
ve

ra
g

e
 clo

su
re

 is lo
n

g
e

r in
 o

ra
l e

n
viro

n
m

e
n

ts (1
6

5
.3

7
 m

se
c.) th

a
n

 in
 n

a
sa

l o
n

e
s

(1
5

8
.2

0
 m

se
c.; p <

0
.0

0
5

).  T
h

e
 sh

o
rte

r clo
su

re
s in

 n
a

sa
l w

o
rd

s g
ive

 a
 sm

a
lle

r n
u

m
e

ra
to

r
in the C

D
/V

O
T

 ratio, contributing to the sm
aller nasal C

D
/V

O
T

 values.
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(12)
S

h
o

rte
r clo

su
re

 d
u

ra
tio

n
s in

 n
a

sa
l co

n
te

xts.

C
losure dur.

125
135

145
155

165
175

C
losure dur.

O
ral

N
asal

O
ral       >

N
a

sa
l

N
um

ber of tokens
108

108

V
ariance

0
.3

8
0

.3
0

A
vg

. clo
su

re
 d

u
r. (m

se
c.)1

6
5

.3
7     >

1
5

8
.2

0
d

f =
1

, F
 =

8
.3

0
, p <

 0
.0

0
5

S
o

 fa
r w

e
 h

a
ve

 co
n

sid
e

re
d

 re
su

lts a
cro

ss th
e

 e
n

tire
 sa

m
p

le
 o

f d
a

ta
, b

u
t w

h
e

n
 th

e
to

ke
n

s a
re

 so
rte

d
 b

y p
la

ce
 o

f a
rticu

la
tio

n
 o

f th
e

 m
e

d
ia

l sto
p

s, w
e

 fin
d

 th
a

t p
la

ce
 in

te
ra

cts
w

ith
 th

e
 d

iffe
re

n
ce

 in
 C

D
/V

O
T

 in
 n

a
sa

l ve
rsu

s o
ra

l w
o

rd
s.  T

h
e

 re
su

lts fo
r clo

su
re

d
u

ra
tio

n
 o

ve
r vo

ice
 o

n
se

t tim
e

 fo
r e

a
ch

 p
la

ce
 o

f a
rticu

la
tio

n
 a

re
 d

isp
la

ye
d

 in
 (1

3
).  F

o
r

b
o

th
 [p

] a
n

d
 [t], th

e
 ra

tio
 is sig

n
ifica

n
tly g

re
a

te
r in

 o
ra

l co
n

te
xts th

a
n

 in
 n

a
sa

l o
n

e
s.  F

o
r

[p
] th

e
 d

iffe
re

n
ce

 is g
re

a
te

st, w
ith

 a
n

 a
ve

ra
g

e
 va

lu
e

 in
 o

ra
l w

o
rd

s o
f 8

.8
8

0
 co

m
p

a
rin

g
w

ith
 a

n
 a

ve
ra

g
e

 o
f 5

.8
5

9
 in

 n
a

sa
l w

o
rd

s (
p

 <
0

.0
0

0
1

).  T
h

e
 fig

u
re

s fo
r [t] a

re
 ro

u
g

h
ly

sim
ilar: oral average 8.670 versus nasal average 6.838 (

p
 <

0.0001). 9  T
he velar, [k], is the

o
d

d
 

o
n

e
 

o
u

t, 
h

a
vin

g
 

n
o

 
sig

n
ifica

n
t 

d
iffe

re
n

ce
 

in
 

C
D

/V
O

T
 

in
 

o
ra

l 
ve

rsu
s 

n
a

sa
l

e
n

viro
n

m
e

n
ts (o

ra
l a

ve
ra

g
e

 4
.2

4
1

 a
n

d
 n

a
sa

l a
ve

ra
g

e
 4

.1
0

1
; 

p
 =

0
.5

).

9  In
 co

m
p

u
ta

tio
n

s b
y p

la
ce

 o
f a

rticu
la

tio
n

, d
a

ta
 fro

m
 a

ll se
ve

n
 w

o
rd

s p
a

irs fo
r [t] a

re
 in

clu
d

e
d

, g
ivin

g
a

 to
ta

l o
f 8

4
 to

ke
n

s (4
2

 fo
r e

a
ch

 o
f o

ra
l a

n
d

 n
a

sa
l w

ith
 six re

p
e

titio
n

s o
f e

a
ch

 o
f th

e
 se

ve
n

 w
o

rd
s).

T
h

e
 six w

o
rd

 p
a

irs fo
r [p

] a
n

d
 [k] yie

ld
 7

2
 to

ke
n

s fo
r e

a
ch

 o
f th

e
se

 p
la

ce
s.  In

 o
ra

l/n
a

sa
l co

m
p

a
riso

n
s

co
m

b
in

in
g

 d
a

ta
 fro

m
 a

ll th
re

e
 p

la
ce

s o
f a

rticu
la

tio
n

, d
u

ra
tio

n
s fo

r o
n

ly six w
o

rd
 p

a
irs fo

r [t] w
e

re
in

clu
d

e
d

 in
 o

rd
e

r to
 b

a
la

n
ce

 w
ith

 th
e

 n
u

m
b

e
r o

f to
ke

n
s fo

r [p
] a

n
d

 [k], g
ivin

g
 a

 to
ta

l o
f 2

1
6

 to
ke

n
s

(3
 x 7

2
).  T

h
e

 w
o

rd
 p

a
ir fo

r [t] e
xclu

d
e

d
 in

 co
m

p
a

riso
n

s a
cro

ss a
ll p

la
ce

s o
f a

rticu
la

tio
n

 is
[p

a
tiê]/[k

a
ti ‚è] ch

o
se

n
 a

t ra
n

d
o

m
.
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(13)
C

losure duration/V
oice onset tim

e by place of articulation.

/p/
/t/

/k/
0 2 4 6 8 10

C
D

/V
O

T

/p/
/t/

/k/

O
ral

N
asal

     /p/ significant
        /t/ significant

          /k/ not significant

O
ral    >

N
a

sa
l

O
ral    >

N
a

sa
l

O
ral

N
a

sa
l

N
o

. o
f to

ke
n

s
3

6
3

6
4

2
4

2
3

6
3

6

V
ariance

7
.1

7
1

6
.9

5
0

7
.0

5
1

6
.0

7
6

0
.8

6
6

1
.3

6
8

A
vg. C

D
/V

O
T

8
.8

8
0   >

5
.8

5
9

8
.6

7
0  >

6
.8

3
8

4
.2

4
1

4
.1

0
1

d
f =

1
,

p
 <

0
.0

0
0

1
F

 =
4

0
.7

3
,

d
f =

1
,

p
 <

0
.0

0
0

1
F

 =
2

5
.9

3
,

d
f =

1
,

p
 =

0
.5

F
 =

0
.4

5
,

In
 a

d
d

itio
n

 to
 n

o
t h

a
vin

g
 a

 d
iffe

re
n

t C
D

/V
O

T
 va

lu
e

 in
 o

ra
l ve

rsu
s n

a
sa

l co
n

te
xts, [k] is

re
m

a
rka

b
le

 in
 tw

o
 o

th
e

r re
sp

e
cts.  O

n
e

 fe
a

tu
re

 cle
a

rly visib
le

 o
n

 th
e

 b
a

r g
ra

p
h

 in
 (1

3
) is

th
a

t th
e

 va
lu

e
 o

f C
D

/V
O

T
 fo

r [k] is m
u

ch
 sm

a
lle

r th
a

n
 fo

r [p
] o

r [t].  T
h

e
 o

th
e

r p
o

in
t is

that the variance for [k] is m
uch sm

aller than for the other stops.  V
ariance for the velar is

in
 th

e
 n

e
ig

h
b

o
rh

o
o

d
 o

f a
b

o
u

t 1
, b

u
t fo

r [p
] a

n
d

 [t] th
e

 va
ria

n
ce

 is a
s h

ig
h

 a
s 6

 to
 7

.  T
h

is
su

g
g

e
sts th

a
t a

sp
e

cts o
f th

e
 tim

in
g

 w
ith

 ve
la

rs a
re

 h
ig

h
ly fixe

d
 in

 co
m

p
a

riso
n

 to
 th

e
o

th
e

r sto
p

s.  I w
ill re

tu
rn

 to
 th

e
se

 p
o

in
ts a

fte
r lo

o
kin

g
 a

t a
 fe

w
 m

o
re

 o
f th

e
 re

su
lts so

rte
d

b
y p

la
ce

 o
f a

rticu
la

tio
n

.
(1

4
) g

ive
s vo

ice
 o

n
se

t tim
e

s b
y p

la
ce

 o
f a

rticu
la

tio
n

.  O
n

ce
 a

g
a

in
 [p

] a
n

d
 [t]

co
n

fo
rm

 to
 th

e
 g

e
n

e
ra

l p
a

tte
rn

, e
xh

ib
itin

g
 sig

n
ifica

n
tly g

re
a

te
r vo

ice
 o

n
se

t tim
e

s in
 n

a
sa

l
co

n
te

xts (o
ra

l a
ve

ra
g

e
 2

0
.5

9
 m

se
c. fo

r [p
] a

n
d

 2
0

.3
8

 m
se

c. fo
r [t] ve

rsu
s n

a
sa

l a
ve

ra
g

e
3

1
.4

7
 m

se
c. fo

r [p
] a

n
d

 2
6

.6
5

 m
se

c. fo
r [t]; 
p

 <
0

.0
0

0
1

).  [k], o
n

 th
e

 o
th

e
r h

a
n

d
, d

o
e

s n
o

t
h

a
ve

 sig
n

ifica
n

tly d
iffe

re
n

t vo
ice

 o
n

se
t tim

e
s in

 o
ra

l ve
rsu

s n
a

sa
l w

o
rd

s; its vo
ice

 o
n

se
t

tim
e

 is co
n

siste
n

tly a
b

o
u

t 4
0

 m
se

c..  N
o

tice
 th

a
t vo

ice
 o

n
se

t tim
e

s fo
r [k] fa

r e
xce

e
d

th
o

se
 o

f th
e

 a
n

te
rio

r sto
p

s.  T
h

e
 o

ccu
rre

n
ce

 o
f lo

n
g

e
r vo

ice
 o

n
se

t tim
e

s fo
r ve

la
rs th

a
n

fo
r a

n
te

rio
r sto

p
s a

cco
rd

s w
ith

 th
e

 fin
d

in
g

s o
f o

th
e

r stu
d

ie
s o

n
 p

la
ce

 a
n

d
 vo

ice
 o

n
se

t
tim

e
; L

iske
r a

n
d

 A
b

ra
m

so
n

 (1
9

6
4

) w
e

re
 th

e
 first to

 re
p

o
rt th

is o
b

se
rva

tio
n

.  In
 th

e
G

u
a

ra
n

í d
a

ta
, th

is d
iffe

re
n

ce
 b

y p
la

ce
 is su

ch
 th

a
t e

ve
n

 in
 o

ra
l e

n
viro

n
m

e
n

ts, vo
ice

 o
n

se
t

tim
e

s fo
r [k] a

re
 a

b
o

u
t 1

0
 m

se
c. lo

n
g

e
r th

a
n

 fo
r n

a
sa

l b
u

rsts in
 o

th
e

r p
la

ce
s o

f
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a
rticu

la
tio

n
.  It m

a
y b

e
 n

o
te

d
 th

a
t th

e
 va

ria
n

ce
s h

e
re

 a
re

 a
t le

a
st tw

ice
 a

s g
re

a
t in

 n
a

sa
l

than in oral w
ords.  T

his difference w
ill be discussed in section 4.4.

(14)
V

oice onset tim
e by place of articulation.

/p/
/t/

/k/
0 15 30 45

V
O

T

/p/
/t/

/k/

O
ral

N
asal

           /p/ significant
               /t/ significant

    /k/ n
o

t sig
n

ifica
n

t

O
ral    <

N
a

sa
l

O
ral    <

N
a

sa
l

O
ral

N
a

sa
l

N
o

.o
f to

ke
n

s
3

6
3

6
4

2
4

2
3

6
3

6

V
ariance

0
.0

3
6

0
.1

4
0

.0
2

9
0

.0
7

6
0

.0
5

9
0

.1
2

A
vg. V

O
T

 (m
sec.)2

0
.5

9   <
3

1
.4

7
2

0
.3

8  <
2

6
.6

5
3

9
.8

0
4

0
.1

1

d
f =

1
p

 <
0

.0
0

0
1

F
 =

3
8

.2
9

d
f =

1
p

 <
0

.0
0

0
1

F
 =

2
7

.4
4

d
f =

1
p

 =
0

.8
7

F
 =

0
.0

3

T
h

e
 va

lu
e

s fo
r clo

su
re

 d
u

ra
tio

n
 b

y p
la

ce
 o

f a
rticu

la
tio

n
 a

re
 sh

o
w

n
 in

 (1
5

).  H
e

re
[p] and [k] are significantly different w

ith shorter closures in nasal contexts (oral average
fo

r [p
] 1

6
8

.8
6

 m
se

c. a
n

d
 fo

r [k] 1
6

3
.1

7
 m

se
c. ve

rsu
s n

a
sa

l a
ve

ra
g

e
 fo

r [p
] 1

5
8

.6
4

 m
se

c.
a

n
d

 fo
r [k] 1

5
3

.4
7

 m
se

c. p <
0

.0
0

5
).  In

te
re

stin
g

ly, clo
su

re
 d

u
ra

tio
n

 fo
r [t] is n

o
t

sig
n

ifica
n

tly sh
o

rte
r in

 n
a

sa
l w

o
rd

s.  In
 se

ctio
n

 4
.5

 w
e

 w
ill se

e
 th

a
t th

is is co
n

n
e

cte
d

 to
so

m
e

 to
ke

n
s fo

r n
a

sa
l w

o
rd

s w
ith

 [t] h
a

vin
g

 tw
o

 b
u

rst e
ve

n
ts, w

h
ich

 p
ro

d
u

ce
d

in
cre

a
se

d
 clo

su
re

 d
u

ra
tio

n
s.  A

n
 a

lte
rn

a
tive

 w
a

y in
 w

h
ich

 a
 d

istin
ctio

n
 is a

ch
ie

ve
d

 fo
r

th
e

 clo
su

re
 p

ro
p

e
rtie

s o
f [t] in

 n
a

sa
l co

n
te

xts is d
iscu

sse
d

 in
 th

e
 n

e
xt se

ctio
n

 o
n

 clo
su

re
vo

icin
g

.
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(15)
C

lo
su

re
 d

u
ra

tio
n

 b
y p

la
ce

 o
f a

rticu
la

tio
n

.

/p/
/t/

/k/
140

150

160

170

C
losure

duration

/p/
/t/

/k/

O
ral

N
asal

     /p/ significant
        /t/ not significant           /k/ significant

O
ral    >

N
a

sa
l

O
ral

N
a

sa
l

O
ral    >

N
a

sa
l

N
o

. o
f to

ke
n

s
3

6
3

6
4

2
4

2
3

6
3

6

V
ariance

0
.2

9
0

.2
5

0
.2

7
0

.3
7

0
.5

6
0

.2
2

A
vg. closure

duration (m
sec.) 1

6
8

.8
6

>
1

5
8

.6
4

1
6

4
.6

7
1

6
2

.8
3

1
6

3
.1

7
>

1
5

3
.4

7

d
f =

1
p <

0
.0

0
5

F
 =

8
.6

9
d

f =
1

p =
0

.5
4

F
 =

0
.3

8
d

f =
1

p <
0

.0
0

5
F

 =
8

.6
9

T
o

 su
m

m
a

rize
, th

e
 fin

d
in

g
s re

p
o

rte
d

 so
 fa

r a
re

 th
a

t th
e

 ra
tio

 o
f clo

su
re

 d
u

ra
tio

n
 to

vo
ice

 o
n

se
t tim

e
 is g

re
a

te
r in

 o
ra

l co
n

te
xts th

a
n

 in
 n

a
sa

l o
n

e
s.  A

 stro
n

g
 co

n
trib

u
tin

g
fa

cto
r is lo

n
g

e
r vo

ice
 o

n
se

t tim
e

s in
 n

a
sa

l w
o

rd
s (

p
 <

0
.0

0
0

1
) a

n
d

 a
 so

m
e

w
h

a
t w

e
a

ke
r

fa
cto

r is sh
o

rte
r clo

su
re

 d
u

ra
tio

n
s in

 n
a

sa
l w

o
rd

s (
p

 <
0

.0
0

5
).  T

h
e

 ve
la

r sto
p

 p
ro

ve
s to

 b
e

so
m

e
w

h
a

t e
xce

p
tio

n
a

l in
 n

o
t h

a
vin

g
 a

 sig
n

ifica
n

tly d
iffe

re
n

t C
D

/V
O

T
 a

ve
ra

g
e

 in
 n

a
sa

l
versus oral w

ords or a significantly different average voice onset tim
e.

T
h

e
 

g
e

n
e

ra
l 

p
a

tte
rn

 
th

a
t 

h
a

s 
b

e
e

n
 

id
e

n
tifie

d
 

is 
th

a
t 

in
 

n
a

sa
l 

in
te

rvo
ca

lic
e

n
viro

n
m

e
n

ts, vo
ice

le
ss sto

p
s h

a
ve

 lo
n

g
e

r vo
ice

 o
n

se
t tim

e
s a

n
d

 sh
o

rte
r clo

su
re

s.  It is
in

te
re

stin
g

 th
a

t th
e

re
 is a

n
 in

ve
rse

 re
la

tio
n

sh
ip

 in
 th

e
 tim

in
g

 o
f th

e
 tw

o
 se

g
m

e
n

ts: lo
n

g
e

r
clo

su
re

s co
o

ccu
r w

ith
 sh

o
rte

r vo
ice

 o
n

se
ts.  W

e
 w

ill se
e

 a
h

e
a

d
 th

a
t th

is is a
 co

n
se

q
u

e
n

ce
o

f th
e

 vo
ice

le
ss p

e
rio

d
 o

f th
e

 sto
p

 u
n

d
e

rg
o

in
g

 a
 sh

ift to
 th

e
 rig

h
t in

 n
a

sa
l e

n
viro

n
m

e
n

ts.
H

o
w

e
ve

r, ve
la

r sto
p

s a
re

 th
e

 e
xce

p
tio

n
.  T

h
is, I su

g
g

e
st, is re

la
te

d
 to

 th
e

 fa
ct th

a
t ve

la
rs

m
a

ke
 th

e
 m

o
st su

cce
ssfu

l vo
ice

le
ss o

b
stru

e
n

t sto
p

s.  In
 co

m
p

a
riso

n
 to

 th
e

 a
n

te
rio

r sto
p

s,
th

e
 b

a
ck site

 o
f co

n
strictio

n
 fo

r a
 ve

la
r p

ro
d

u
ce

s a
 sm

a
lle

r ca
vity b

e
h

in
d

 th
e

 clo
su

re
,

fa
vo

rin
g

 th
e

 b
u

ild
-u

p
 o

f p
re

ssu
re

 n
e

e
d

e
d

 to
 in

h
ib

it vo
icin

g
.  T

h
e

 e
ffe

ct o
f th

is w
a

s
apparent in (14), w

here [k] had greater voice onset tim
es than either [p] or [t] (correlating

w
ith

 d
iffe

re
n

ce
s b

y p
la

ce
 fo

r vo
ice

 o
n

se
t tim

e
s in

 o
th

e
r la

n
g

u
a

g
e

s; L
iske

r a
n

d
 A

b
ra

m
so

n
1

9
6

4
).  R

e
ca

ll a
lso

 th
a

t [k] e
xh

ib
ite

d
 co

m
p

a
ra

tive
ly m

in
im

a
l va

ria
n

ce
 in

 th
e

 C
D

/V
O

T
ra

tio
, in

d
ica

tin
g

 th
a

t a
sp

e
cts o

f th
e

 tim
in

g
 in

 th
e

 p
ro

d
u

ctio
n

 o
f [k] a

re
 co

n
sid

e
ra

b
ly m

o
re
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fixe
d

 th
a

n
 in

 [p
] o

r [t].  I h
yp

o
th

e
size

 th
a

t th
e

 se
p

a
ra

te
 b

e
h

a
vio

r o
f [k] in

 n
a

sa
l co

n
te

xts
is th

e
 co

n
se

q
u

e
n

ce
 o

f a
 th

re
sh

o
ld

 e
ffe

ct fo
r th

e
 le

n
g

th
 o

f its V
O

T
.  T

h
e

 vo
ice

le
ss p

e
rio

d
in

 a
n

te
rio

r sto
p

s sh
ifts to

 th
e

 rig
h

t in
 n

a
sa

l e
n

viro
n

m
e

n
ts.  In

 th
e

 ca
se

 o
f [k], a

 sh
ift d

o
e

s
n

o
t ta

ke
 p

la
ce

 to
 p

ro
d

u
ce

 a
 lo

n
g

e
r vo

ice
 o

n
se

t tim
e

, b
e

ca
u

se
 it h

a
s a

ch
ie

ve
d

 a
 th

re
sh

o
ld

in
 its d

u
ra

tio
n

.  T
h

is th
re

sh
o

ld
 co

u
ld

 b
e

 u
n

d
e

rsto
o

d
 in

 o
n

e
 o

f tw
o

 w
a

ys, w
h

ich
 a

re
 o

p
e

n
to

 e
m

p
irica

l ve
rifica

tio
n

 in
 fu

rth
e

r w
o

rk.  It co
u

ld
 e

ith
e

r b
e

 th
a

t [k] a
lre

a
d

y h
a

s a
m

a
xim

a
l vo

ice
 o

n
se

t tim
e

, p
re

ve
n

tin
g

 a
n

y fu
rth

e
r ca

rry-o
ve

r in
to

 th
e

 fo
llo

w
in

g
 vo

w
e

l o
r

[k] h
a

s a
 su

fficie
n

t vo
ice

 o
n

se
t tim

e
, o

n
e

 th
a

t d
o

e
s n

o
t n

e
e

d
 to

 b
e

 e
n

h
a

n
ce

d
 w

h
e

n
 th

e
vo

ice
le

ss p
o

rtio
n

 o
f th

e
 clo

su
re

 is sh
o

rte
n

e
d

.  T
h

e
se

 p
o

in
ts w

ill b
e

 syn
th

e
size

d
 a

fte
r

exam
ination of the second m

ajor tim
ing effect in oral versus nasal contexts.

4.3.3
E

ffect 2: R
atio of closure duration to closure voicing duration

T
h

e
 se

co
n

d
 m

a
in

 e
ffe

ct d
isco

ve
re

d
 in

 th
e

 p
ro

d
u

ctio
n

 o
f vo

ice
le

ss sto
p

s in
 o

ra
l ve

rsu
s

n
a

sa
l w

o
rd

s is th
a

t th
e

 a
ve

ra
g

e
 ra

tio
 o

f clo
su

re
 d

u
ra

tio
n

 to
 clo

su
re

 vo
icin

g
 d

u
ra

tio
n

(C
D

/C
V

), i.e
. th

e
 a

ve
ra

g
e

 o
f th

e
 C

D
/C

V
 ra

tio
s, is o

ve
ra

ll sig
n

ifica
n

tly sm
a

lle
r in

 n
a

sa
l

w
o

rd
s.  T

h
is m

e
a

n
s th

a
t a

 g
re

a
te

r p
o

rtio
n

 o
f th

e
 clo

su
re

 is vo
ice

d
 in

 a
 n

a
sa

l vo
ca

lic
e

n
viro

n
m

e
n

t.  T
h

e
 a

ve
ra

g
e

s a
re

 g
ive

n
 in

 (1
6

).  T
h

e
 o

ra
l ra

tio
 o

f 8
.2

9
 e

xce
e

d
s th

e
 n

a
sa

l
o

n
e

 o
f 6

.6
6

 (p <
0

.0
2

).

(16)
C

losure duration/C
losure voicing duration (C

D
/C

V
): results across sam

ple.

C
D

/C
V

0
5

10

C
D

/C
V

O
ral

N
asal

O
ral       >

N
a

sa
l

N
um

ber of tokens
108

108

V
ariance

3
4

.1
0

1
5

.2
7

A
verage C

D
/C

V
8

.2
9       >

6
.6

6
d

f =
1

, F
 =

5
.8

9
, p  <

 0
.0

2

W
h

e
n

 e
xa

m
in

e
d

 b
y p

la
ce

 o
f a

rticu
la

tio
n

, it e
m

e
rg

e
s th

a
t th

e
 d

iffe
re

n
ce

 in
 th

e
clo

su
re

 d
u

ra
tio

n
 to

 clo
su

re
 vo

icin
g

 ra
tio

s h
o

ld
s sp

e
cifica

lly o
f to

ke
n

s w
ith

 [t].  T
h

e
a

ve
ra

g
e

s a
re

 sh
o

w
n

 in
 (1

7
), w

ith
 a

n
 a

ve
ra

g
e

 va
lu

e
 fo

r o
ra

l to
ke

n
s o

f 7
.8

3
 a

n
d

 fo
r n

a
sa

l
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to
ke

n
s o

f 5
.0

9
.  T

h
e

 d
iffe

re
n

ce
 in

 th
e

 ca
se

s o
f w

o
rd

s w
ith

 [p
] a

n
d

 [k] is n
o

t sta
tistica

lly
significant. 10

(17)
C

losure duration/C
losure voicing duration (C

D
/C

V
) by place of articulation.

/p/
/t/

/k/
0 5 10 15

C
D

/C
V

/p/
/t/

/k/

O
ral

N
asal

     /p/ not significant
        /t/ significant               /k/ not significant

O
ral

N
a

sa
l

O
ral

N
a

sa
l

O
ral    >

N
a

sa
l

N
o

. o
f to

ke
n

s
3

6
3

6
3

6
3

6
3

6
3

6

V
ariance

7
.0

0
6

.6
9

1
3

.2
0

1
.9

0
1

9
.5

0
1

0
.2

7

A
vg. C

D
/C

V
1

1
.2

1
7

.1
1

7
.8

3
 

>
5

.0
9

8
.8

3
7

.2
8

d
f =

1
p =

0
.5

6
F

 =
0

.3
4

d
f =

1
p <

0
.0

0
0

1
F

 =
2

9
.0

6
d

f =
1

p =
0

.0
5

8
F

 =
3

.7
3

A
lth

o
u

g
h

 clo
su

re
 d

u
ra

tio
n

s w
e

re
 fo

u
n

d
 to

 b
e

 sh
o

rte
r in

 n
a

sa
l w

o
rd

s fo
r [p

] a
n

d
[k] (see (15)), giving a sm

aller num
erator for C

D
/C

V
, this w

as not sufficient to produce a
sig

n
ifica

n
t d

iffe
re

n
ce

 in
 th

e
 C

D
/C

V
 ra

tio
.  R

e
ca

ll, h
o

w
e

ve
r, th

a
t [t] d

id
 n

o
t h

a
ve

 a
sig

n
ifica

n
tly d

iffe
re

n
t a

ve
ra

g
e

 clo
su

re
 d

u
ra

tio
n

 in
 o

ra
l ve

rsu
s n

a
sa

l co
n

te
xts.  F

o
r [t],

th
e

re
 w

a
s fo

u
n

d
 to

 b
e

 m
o

re
 clo

su
re

 vo
icin

g
 in

 n
a

sa
l e

n
viro

n
m

e
n

ts yie
ld

in
g

 a
n

 in
cre

a
se

 in
th

e
 vo

ice
d

 p
o

rtio
n

 o
f th

e
 clo

su
re

.  T
h

is is sh
o

w
n

 in
 (1

8
).  B

e
tw

e
e

n
 o

ra
l vo

w
e

ls th
e

a
ve

ra
g

e
 clo

su
re

 vo
icin

g
 fo

r [t] is 2
4

.7
8

 m
se

c. a
n

d
 in

 n
a

sa
l w

o
rd

s th
is in

cre
a

se
s to

 3
4

.0
7

m
se

c. (p <
0

.0
0

5
).  [p

] a
n

d
 [k] d

o
 n

o
t h

a
ve

 a
 sig

n
ifica

n
t d

iffe
re

n
ce

 in
 clo

su
re

 vo
icin

g
 in

nasal versus oral contexts, w
hich accords w

ith their lack of difference in C
D

/C
V

.

1
0  O

n
ly six o

f th
e

 se
ve

n
 w

o
rd

 p
a

irs fo
r [t] a

re
 re

p
o

rte
d

 h
e

re
.  T

h
e

 se
ve

n
th

 w
o

rd
 p

a
ir ([

m
b
o
tˆê],

[m
o
ti ‚ê]) w

a
s a

b
e

rra
n

t in
 d

isp
la

yin
g

 a
n

 u
n

u
su

a
lly h

ig
h

 va
ria

n
ce

 (3
6

3
.0

7
 fo

r o
ra

l to
ke

n
s, 1

4
3

.6
3

 in
n

a
sa

l to
ke

n
s).  W

ith
 th

is w
o

rd
 p

a
ir in

clu
d

e
d

, th
e

 d
iffe

re
n

ce
 fo

r C
D

/C
V

 in
 o

ra
l ve

rsu
s n

a
sa

l w
o

rd
s w

a
s

still sig
n

ifica
n

t: n
u

m
b

e
r o

f to
ke

n
s fo

r e
a

ch
 o

f o
ra

l a
n

d
 n

a
sa

l =
 4

2
; a

ve
ra

g
e

 8
.8

5
 o

ra
l, 5

.9
8

 n
a

sa
l;

va
ria

n
ce

 6
1

.8
4

 o
ra

l, 2
4

.7
3

 n
a

sa
l; 

d
f =

1
, F

 =
4

.2
5

, p =
0

.0
4

.  In
 g

e
n

e
ra

l, th
e

 o
ra

l to
ke

n
s e

xh
ib

it a
 h

ig
h

e
r

va
ria

n
ce

 fo
r th

e
 C

D
/C

V
 ra

tio
 th

a
n

 n
a

sa
l to

ke
n

s, a
lth

o
u

g
h

 th
e

 ca
u

se
 fo

r th
is is u

n
cle

a
r.
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(18)
G

reater closure voicing for /t/ in nasal contexts.

/p/
/t/

/k/
5 15 25 35

C
losure

voicing

/p/
/t/

/k/

O
ral

N
asal

     /p/ not significant          /t/ significant
          /k/ not significant

O
ral

N
a

sa
l

O
ral    <

N
a

sa
l

O
ral

N
a

sa
l

N
o

. o
f to

ke
n

s
3

6
3

6
4

2
4

2
3

6
3

6

V
ariance

0
.2

4
0

.0
9

2
0

.1
2

0
.3

5
0

.0
9

7
0

.0
9

0
A

vg. closure
voicing (m

sec.)
2

9
.9

8
2

6
.9

5
2

4
.7

8
 

 
<

3
4

.0
7

2
2

.4
2

2
4

.5
4

d
f =

1
p

 =
0

.1
F

 =
2

.6
6

d
f =

1
p

 <
0

.0
0

5
F

 =
8

.9
2

d
f =

1
p

 =
0

.2
F

 =
1

.6
9

A
 re

la
te

d
 p

ro
p

e
rty th

a
t h

o
ld

s co
n

siste
n

tly a
cro

ss a
ll p

la
ce

s o
f a

rticu
la

tio
n

 is a
sh

o
rte

r d
u

ra
tio

n
 o

f th
e

 vo
ice

le
ss p

e
rio

d
 o

f th
e

 clo
su

re
 in

 n
a

sa
l co

n
te

xts.  T
h

is is
illu

stra
te

d
 in

 (1
9

).  B
e

tw
e

e
n

 o
ra

l vo
w

e
ls, th

e
 vo

ice
le

ss clo
su

re
 is a

ro
u

n
d

 1
4

0
 m

se
c. in

duration, w
hile in nasal contexts this falls to about 130 m

sec..
1

1

1
1  It sh

o
u

ld
 b

e
 n

o
te

d
 th

a
t o

n
 so

m
e

 p
o

in
ts o

f co
m

p
a

riso
n

, in
clu

d
in

g
 d

u
ra

tio
n

 o
f vo

ice
le

ss clo
su

re
, th

e
a

n
a

lysis o
f va

ria
n

ce
 in

d
ica

te
d

 th
a

t w
ith

in
 th

e
 se

t o
f w

o
rd

s fo
r a

 g
ive

n
 p

la
ce

 o
f a

rticu
la

tio
n

, a
n

in
te

ra
ctio

n
 w

a
s re

g
iste

re
d

 w
ith

 in
d

ivid
u

a
l w

o
rd

 p
a

irs.  T
h

is m
e

a
n

s th
a

t p
a

rticu
la

r w
o

rd
 p

a
irs so

m
e

tim
e

s
sh

o
w

e
d

 a
 stro

n
g

e
r o

r w
e

a
ke

r e
ffe

ct fo
r th

e
 o

ra
l/n

a
sa

l co
n

tra
st in

 q
u

e
stio

n
.  It is p

o
ssib

le
 th

a
t th

e
 h

e
ig

h
t

o
f th

e
 fla

n
kin

g
 vo

w
e

ls w
a

s a
n

 in
flu

e
n

cin
g

 fa
cto

r h
e

re
, a

lth
o

u
g

h
 sin

ce
 th

e
 stu

d
y w

a
s n

o
t d

e
sig

n
e

d
 to

te
st th

is, w
e

 d
o

 n
o

t h
a

ve
 e

n
o

u
g

h
 in

fo
rm

a
tio

n
 fro

m
 th

e
 d

a
ta

 to
 te

ll fo
r ce

rta
in

.  E
xa

m
in

a
tio

n
 o

f th
e

re
su

lts b
y w

o
rd

 d
id

 n
o

t re
ve

a
l a

n
y o

b
vio

u
sly syste

m
a

tic e
ffe

ct o
f vo

w
e

l h
e

ig
h

t, b
u

t th
is co

u
ld

 b
e

in
ve

stig
a

te
d

 m
o

re
 fu

lly w
ith

 a
 se

t o
f w

o
rd

 p
a

irs sp
e

cifica
lly co

n
stru

cte
d

 to
 co

m
p

a
re

 th
e

 e
ffe

ct o
f

a
d

ja
ce

n
t vo

w
e

l q
u

a
lity.
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(19)
V

oiceless closure shorter in nasal contexts for all places of articulation.

/p/
/t/

/k/
115

125

135

145
V

oiceless
closure
duration

/p/
/t/

/k/

O
ral

N
asal

      /p/ significant
         /t/ significant

            /k/ sig
n

ifica
n

t

O
ral    >

N
a

sa
l

O
ral    >

N
a

sa
l

O
ral    >

N
a

sa
l

N
o

. o
f to

ke
n

s
3

6
3

6
4

2
4

2
3

6
3

6

V
ariance

0
.4

0
0

.2
7

0
.2

6
0

.5
1

0
.4

6
0

.1
8

A
vg. voiceless

closure (m
sec.)

1
3

8
.8

8
>

1
3

1
.6

9
1

3
9

.8
9

>
1

2
8

.7
6

1
4

0
.7

6
>

1
2

8
.9

3

d
f =

1
p <

0
.0

4
F

 =
4

.5
0

d
f =

1
p <

0
.0

0
5

F
 =

8
.4

6
d

f =
1

p <
0

.0
0

5
F

 =
1

1
.5

1

4.3.4
A

 fixed property: T
otal period of voicelessness

T
h

e
 la

st fin
d

in
g

 I w
ill re

p
o

rt o
n

 co
n

ce
rn

s a
 fixe

d
 p

ro
p

e
rty o

f vo
ice

le
ss sto

p
s in

 o
ra

l a
n

d
n

a
sa

l co
n

te
xts.  A

cro
ss th

e
 sa

m
p

le
 o

f d
a

ta
, it w

a
s fo

u
n

d
 th

a
t th

e
 to

ta
l p

e
rio

d
 o

f
vo

ice
le

ssn
e

ss fo
r sto

p
s d

o
e

s n
o

t d
iffe

r sig
n

ifica
n

tly in
 o

ra
l ve

rsu
s n

a
sa

l w
o

rd
s.  T

h
e

values are given in (20) falling around 165 m
sec. (
p

 =
0.14).

(20)
T

otal period of voicelessness is not different: results across sam
ple.

T
otal vcls. period0

50
100

150
200

T
otal vcls. period

O
ral

N
asal

O
ral

N
a

sa
l

N
um

ber of tokens
108

108

V
ariance

0
.5

1
0

.4
0

A
vg. voiceless dur. (m

sec.)1
6

6
.3

1
1

6
2

.2
7

d
f =

1
, F

 =
2

.2
3

, p
 =

0
.1

4
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In
te

re
stin

g
ly, w

h
e

n
 w

e
 co

m
p

a
re

 th
e

 a
ve

ra
g

e
s fo

r to
ta

l p
e

rio
d

 o
f vo

ice
le

ssn
e

ss b
y

p
la

ce
 o

f a
rticu

la
tio

n
, [k] is o

n
ce

 a
g

a
in

 sin
g

le
d

 o
u

t in
 co

n
tra

st to
 [p

] a
n

d
 [t].  T

h
is is

sh
o

w
n

 in
 (2

1
).  [p

] a
n

d
 [t] co

n
fo

rm
 to

 th
e

 g
e

n
e

ra
liza

tio
n

 in
 (2

0
), w

ith
 n

o
 sig

n
ifica

n
t

difference in their total voiceless period by oral/nasal context.  [k], how
ever, has a longer

to
ta

l vo
ice

le
ss p

e
rio

d
 in

 o
ra

l w
o

rd
s th

a
n

 in
 n

a
sa

l o
n

e
s.  F

u
rth

e
r, th
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l p
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n
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r sto
p
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n
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. o
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l p
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rio
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le
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t
sig

n
ifica

n
tly d

iffe
re

n
t in
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ra

l ve
rsu

s n
a

sa
l w

o
rd

s, b
u

t w
h

e
n

 w
e

 ta
ke

 p
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ce
 o

f a
rticu

la
tio

n
in
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 co

n
sid

e
ra

tio
n

, it e
m

e
rg

e
s th

a
t [k] h

a
s sh

o
rte

r vo
ice

le
ss p

e
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d
s in

 n
a

sa
l w

o
rd

s.  T
h

is
is re

m
in

isce
n

t o
f th

e
 th
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sh

o
ld

 e
ffe

ct in
 th

e
 vo
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n
se

t tim
e

 w
h
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a
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o

th
e
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d
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4
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D
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o
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ill p
u
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e
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u
s fin

d
in
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s to
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e

th
e

r to
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n
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ct a
n
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te

g
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te
d

 p
ictu
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 o

f w
h

a
t
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in

g
 ch

a
n

g
e

s ta
ke

 p
la

ce
 in

 vo
ice

le
ss sto

p
s b

e
tw

e
e

n
 n

a
sa

l vo
w

e
ls.  T

o
 b

e
g

in
, th

e
 ch

a
rt

in
 (2

2
) syn

th
e

size
s th

e
 co

rre
la

tio
n

 o
b

se
rve

d
 b

e
tw

e
e

n
 th

e
 vo

ice
le

ss clo
su

re
 d

u
ra

tio
n

 a
n

d
vo

ice
 o

n
se

t tim
e

 in
 o

ra
l ve

rsu
s n

a
sa

l co
n

te
xts fo

r e
a

ch
 p

la
ce

 o
f a

rticu
la

tio
n

.  In
 o

ra
l

co
n

te
xts th

e
 d

u
ra

tio
n

 o
f vo

ice
le

ss clo
su

re
 a

ve
ra

g
e

s a
b

o
u

t 1
4

0
 m

se
c. a

cro
ss a

ll p
la

ce
s.

F
o

r th
e

 a
n

te
rio

r sto
p

s [p
, t], th

e
 V

O
T

 is a
b

o
u

t 2
0

 m
se

c. in
 o

ra
l to

ke
n

s, a
n

d
 fo

r [k], th
e
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a
ve

ra
g

e
 V

O
T

 is co
n

sid
e

ra
b

ly lo
n

g
e

r, a
t a

b
o

u
t 4

0
 m

se
c.  In

 n
a

sa
l to

ke
n

s, th
e

se
 a

ve
ra

g
e

s
ch

a
n

g
e

 so
 th

a
t vo

ice
le

ss clo
su

re
 d

e
cre

a
se

s a
n

d
 V

O
T

 in
cre

a
se

s, e
xce

p
t in

 th
e

 ca
se

 o
f [k].

F
o

r [p
] a

n
d

 [t], th
e

 a
ve

ra
g

e
 vo

ice
le

ss clo
su

re
 d

u
ra

tio
n

 d
ro

p
s to

 a
b

o
u

t 1
3

0
 m

se
c. a

n
d

 th
e

V
O

T
 in

cre
a

se
s to

 th
e

 n
e

ig
h

b
o

rh
o

o
d

 o
f 2

5
-3

0
 m

se
c.  T

h
e

 d
e

cre
a

se
 in

 vo
ice

le
ss clo

su
re

a
n

d
 co

rre
sp

o
n

d
in

g
 in

cre
a

se
 in

 V
O

T
 is a

p
p

a
re

n
t in

 th
e

 n
e

g
a

tive
 slo

p
e

 o
f th

e
 lin

e
s

co
n

n
e

ctin
g

 th
e

 o
ra

l a
n

d
 n

a
sa

l p
lo

ts o
f th

e
se

 a
ve

ra
g

e
 va

lu
e

s fo
r [p

] a
n

d
 [t].  In

 th
e

 ca
se

 o
f

[k] in
 n

a
sa

l to
ke

n
s, th

e
 a

ve
ra

g
e

 vo
ice

le
ss clo

su
re

 e
xh

ib
its a

 fa
ll to

 a
b

o
u

t 1
2

8
 m

se
c.,

m
a

tch
in

g
 th

a
t o

f th
e

 a
n

te
rio

r sto
p

s; h
o

w
e

ve
r, th

e
 a

ve
ra

g
e

 vo
ice

 o
n

se
t tim

e
 re

m
a

in
s

e
sse

n
tia

lly co
n

sta
n

t, h
o

ld
in

g
 a

t a
b

o
u

t 4
0

 m
se

c.

(2
2

)
A

ve
ra

g
e

 vo
ice

le
ss clo

su
re

 p
lo

tte
d

 a
g

a
in

st a
ve

ra
g

e
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O
T

V
o
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le

ss 
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su
re
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1
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1
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0
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0
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[p, t, k]o  =

 [p, t, k] (respectively) in oral context

[p, t, k]n  =
 [p, t, k] (respectively) in nasal context
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W
ith

 th
e

se
 re

su
lts in

 m
in

d
, I w

ill tu
rn

 to
 a

n
 in

te
rp

re
ta

tio
n

 o
f th

e
 fin

d
in

g
s.  T

im
in

g
in

 o
ra

l ve
rsu

s n
a

sa
l e

n
viro

n
m

e
n

ts in
 th

e
 V

C
V

 se
g

m
e

n
t o

f th
e

 w
o

rd
 is re

p
re

se
n

te
d

sch
e

m
a

tica
lly in

 (2
3

).  V
e

rtica
l lin

e
s o

n
 e

ith
e

r sid
e

 o
f th

e
 co

n
so

n
a

n
t (C

) m
a

rk th
e

 p
o

in
ts

of initiation and release of closure, respectively.  B
elow

 the V
C

V
, zigzags signify voicing

a
n

d
 a

 stra
ig

h
t h

o
rizo

n
ta

l lin
e

 re
p

re
se

n
ts vo

ice
le

ssn
e

ss.  A
 ce

n
tra

l fin
d

in
g

 o
f th

e
 stu

d
y is

th
a

t th
e

re
 is a

 fixe
d

 p
e

rio
d

 o
f vo

ice
le

ssn
e

ss fo
r vo

ice
le

ss sto
p

s, w
h

ich
 d

o
e

s n
o

t ch
a

n
g

e
a

cro
ss o

ra
l a

n
d

 n
a

sa
l e

n
viro

n
m

e
n

ts.  It m
a

y b
e

 th
a

t a
 fixe

d
 d

u
ra

tio
n

 o
f vo

ice
le

ssn
e

ss is a
sig

n
ifica

n
t p

ro
p

e
rty fo

r p
e

rce
p

tio
n

 o
f vo

ice
le

ss sto
p

s, a
t le

a
st in

 G
u

a
ra

n
í.  In

 th
e

 o
ra

l
w

o
rd

 in
 (2

3
), th

e
 vo

ice
le

ss p
o

rtio
n

 is m
a

rke
d

 a
s th

e
 p

e
rio

d
 (a

) a
n

d
 in

 th
e

 n
a

sa
l w

o
rd

 it is
m

a
rke

d
 a

s (b
).  (a

) a
n

d
 (b

) a
re

 e
q

u
a

l in
 le

n
g

th
 —

 th
is p

ro
p

e
rty d

o
e

s n
o

t d
iffe

r in
 o

ra
l a

n
d

n
a

sa
l w

o
rd

s.  W
h

a
t d

o
e

s ch
a

n
g

e
 in

 n
a

sa
l w

o
rd

s is th
a

t th
e

 vo
ice

le
ss clo

su
re

 d
u

ra
tio

n
d

e
cre

a
se

s, e
ith

e
r b

e
ca

u
se

 o
f a

 sh
o

rte
r clo

su
re

 ([p
, k]) o

r lo
n

g
e

r clo
su

re
 vo

icin
g

 ([t]).  T
h

e
re

su
lt is th

a
t to

 p
re

se
rve

 th
e

 fixe
d

 d
u

ra
tio

n
 o

f vo
ice

le
ssn

e
ss, th

e
 vo

ice
le

ss p
e

rio
d

 sh
ifts to

th
e

 rig
h

t to
 e

xte
n

d
 fa

rth
e

r in
to

 th
e

 fo
llo

w
in

g
 vo

w
e

l.  T
h

is p
ro

d
u

ce
s th

e
 in

cre
a

se
d

 vo
ice

onset tim
e in nasal w

ords.

(2
3

)
S

ch
e

m
a

tic re
p

re
se

n
ta

tio
n

 o
f sh

ift o
f vo

ice
le

ss p
e

rio
d

.
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h
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a

s b
e
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b
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d
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e
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n

te
rio

r sto
p

s [p
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a
n

d
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[k] 
b

e
h

a
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m
e

w
h

a
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d
iffe
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n
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a

n
d

 
th

e
 

sch
e

m
a

tic 
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p
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se
n

ta
tio

n
s
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rre
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o

n
d

in
g
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 th

is se
g

m
e

n
t a
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 sh

o
w

n
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4
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e

ca
ll th

a
t o

f th
e

 th
re

e
 p

la
ce

s o
f

a
rticu

la
tio

n
, ve

la
rs m

a
ke

 th
e

 b
e

st vo
ice

le
ss sto

p
s: th

e
ir b

a
ck clo

su
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 p
ro

vid
e

s co
n

d
itio

n
s

p
ro

d
u

cin
g

 th
e

 lo
n

g
e

st vo
ice

 o
n

se
t tim

e
s.  I h

a
ve

 su
g

g
e

ste
d

 th
a

t th
e

 vo
ice

 o
n

se
t tim

e
 fo

r
[k] h

a
s re

a
ch

e
d

 a
 th

re
sh

o
ld

 in
 G

u
a

ra
n

í, th
a

t is, it w
ill n

o
t e

xce
e

d
 a

b
o

u
t 4

0
 m

se
c..  T

h
is

m
e

a
n

s th
a

t w
h

e
n

 th
e

 clo
su

re
 d

u
ra

tio
n

 fo
r [k] is cin

ch
e

d
 in

 n
a

sa
l e

n
viro

n
m

e
n

ts, th
e
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vo
ice

le
ss p

e
rio

d
 w

ill n
o

t sh
ift to

 th
e

 rig
h

t, b
e

ca
u

se
 it h

a
s re

a
ch

e
d

 th
e

 lim
it o

f its
e

xte
n

sio
n

 in
to

 th
e

 fo
llo

w
in

g
 vo

w
e

l.  A
s a

 re
su

lt, th
e

 vo
ice

le
ss p

e
rio

d
 (a

) b
e

tw
e

e
n

 o
ra

l
vo

w
e

ls is g
re

a
te

r th
a

n
 th

e
 vo

ice
le

ss p
e

rio
d

 (b
) b

e
tw

e
e

n
 n

a
sa

l vo
w

e
ls.

(2
4

)
S

ch
e

m
a

tic re
p
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n
ta
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n

 o
f th

re
sh

o
ld

 e
ffe

ct fo
r /k/.
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    |______________________|
     (a) voiceless period
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o
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o
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d
u
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     |___________________|  

çç çç
   (b) voiceless period <

 (a)

It w
a

s n
o

te
d

 e
a

rlie
r th

a
t th

e
 th

re
sh

o
ld

 e
ffe

ct in
 th

e
 ve

la
r vo

ice
 o

n
se

t tim
e

 co
u

ld
 b

e
o

n
e

 o
f s

u
ffic

ie
n

t 
le

n
g

th
. 

 
F

ro
m

 
th

is 
p

e
rsp

e
ctive

, 
th

e
 

d
u

ra
tio

n
 

o
f 

p
o

st-re
le

a
se

vo
ice

le
ssn

e
ss w

o
u

ld
 b

e
 su

fficie
n

t to
 sig

n
a

l th
e

 vo
ice

le
ss q

u
a

lity o
f th

e
 sto

p
, e

ve
n

 u
n

d
e

r
co

n
d

itio
n

s o
f a

 sh
o

rte
r vo

ice
le

ss p
e

rio
d

 d
u

rin
g

 th
e

 clo
su

re
.  A

vo
id

a
n

ce
 o

f fu
rth

e
r

in
tru

sio
n

 o
n

 th
e

 vo
w

e
l w

o
u

ld
 th

e
n

 p
re

ve
n

t a
 rig

h
tw

a
rd

 sh
ift in

 th
e

 vo
ice

le
ss p

e
rio

d
 fro

m
ta

kin
g

 p
la

ce
.  T

h
e

 fa
ilu

re
 o

f th
e

 vo
ice

 o
n

se
t tim

e
 o

f th
e

 a
n

te
rio

r sto
p

s to
 m

e
e

t th
e

su
fficie

n
cy re

q
u

ire
m

e
n

t w
o

u
ld

 e
xp

la
in

 th
e

 sh
ift w

ith
 th

e
se

 sto
p

s.  It a
lso

 is co
n

ce
iva

b
le

th
a

t th
e

 th
re

sh
o

ld
 is a

 re
su

lt o
f ve

la
r vo

ice
 o

n
se

t tim
e

s re
a

ch
in

g
 a

 
m

a
x
im

a
l le

n
g

th
.

U
n

d
e

r th
is vie

w
, th

e
 th

re
sh

o
ld

 e
ffe

ct in
 th

e
 ve

la
r p

o
st-re

le
a

se
 vo

ice
le

ssn
e

ss co
u

ld
 b

e
 a

co
n

se
q

u
e

n
ce

 o
f p

e
rce

p
tu

a
l fa

cto
rs.  It m

a
y b

e
 th

a
t fo

r a
d

e
q

u
a

te
 p

e
rce

p
tib

ility o
f th

e
stre

sse
d

 n
a

sa
l vo

w
e

l, th
e

 vo
ice

le
ss p

o
rtio

n
 ca

n
n

o
t e

xce
e

d
 m

o
re

 th
a

n
 a

b
o

u
t 4

0
 m

se
c..  It

is also possible that a m
axim

al threshold arises sim
ply as an aerodynam

ic effect, w
hereby

th
e

 re
la

tive
ly u

n
co

n
stricte

d
 a

irflo
w

 d
u

rin
g

 th
e

 vo
w

e
l in

d
u

ce
s sp

o
n

ta
n

e
o

u
s vo

icin
g

 a
fte

r
n

o
 lo

n
g

e
r th

a
n

 4
0

 m
se

c..  In
 e

ith
e

r ca
se

, th
e

 co
n

ce
p

tio
n

 o
f a

 th
re

sh
o

ld
 e

ffe
ct fo

r [k] a
s

th
e

 m
o

st ro
b

u
st vo

ice
le

ss sto
p

 e
xp

la
in

s w
h

y w
e

 se
e

 its se
p

a
ra

te
 b

e
h

a
vio

r.  [k] fo
llo

w
s

th
e

 co
re

 p
a

tte
rn

 o
f re

d
u

cin
g

 clo
su

re
 d

u
ra

tio
n

 b
e

tw
e

e
n

 n
a

sa
l vo

w
e

ls.  H
o

w
e

ve
r, sin

ce
 th

e
ve

la
r sto

p
 d

o
e

s n
o

t e
xte

n
d

 its vo
ice

 o
n

se
t tim

e
, w

e
 d

o
 n

o
t fin

d
 a

 d
iffe

re
n

ce
 in

 o
ra

l ve
rsu

s
n

a
sa

l w
o

rd
s fo

r vo
ice

 o
n

se
t tim

e
 o

r th
e

 ra
tio

 o
f th

e
 clo

su
re

 d
u

ra
tio

n
 to

 V
O

T
.  A

lso
,

b
e

ca
u

se
 th

e
 vo

ice
 o

n
se

t tim
e

 h
a

s re
a

ch
e

d
 its th

re
sh

o
ld

, [k] m
u

st lo
se

 o
n

 p
re

se
rvin

g
 th

e
le

n
g

th
 o

f its to
ta

l vo
ice

le
ss p

e
rio

d
 in

 n
a

sa
l w

o
rd

s, a
n

d
 so

 th
e

 to
ta

l vo
ice

le
ss d

u
ra

tio
n

 is
sh

o
rte

r ju
st in

 th
e

 ca
se

 o
f ve

la
r sto

p
s.
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T
his account explains differences in tim

ing as a result of a shift of voicelessness to
th

e
 rig

h
t in

 o
rd

e
r to

 m
a

in
ta

in
 a

 fixe
d

 vo
ice

le
ss p

e
rio

d
, a

n
d

 th
e

 e
xce

p
tio

n
a

lity o
f ve

la
r

sto
p

s is in
te

rp
re

te
d

 a
s th

e
 co

n
se

q
u

e
n

ce
 o

f a
 th

re
sh

o
ld

 e
ffe

ct fo
r vo

ice
le

ss sto
p

s
a

rticu
la

te
d

 w
ith

 a
 b

a
ck clo

su
re

.  T
h

e
 o

u
tco

m
e

s p
re

d
icte

d
 u

n
d

e
r th

is a
cco

u
n

t fit w
e

ll w
ith

th
e

 d
a

ta
.  A

 p
ro

p
e

rty th
a

t cu
rre

n
tly sta

n
d

s o
n

ly a
s a

n
 o

b
se

rve
d

 ch
a

ra
cte

ristic is th
e

d
e

cre
a

se
 in

 th
e

 le
n

g
th

 o
f vo

ice
le

ss clo
su

re
 b

e
tw

e
e

n
 n

a
sa

l vo
w

e
ls.  W

h
e

n
 th

is is a
ch

ie
ve

d
b

y a
n

 in
cre

a
se

 in
 clo

su
re

 vo
icin

g
 (in

 th
e

 ca
se

 o
f [t]), th

is m
a

y b
e

 e
xp

la
in

e
d

 a
s a

 p
o

st-
n

a
sa

l vo
icin

g
 e

ffe
ct, w

h
ich

 h
a

s b
e

e
n

 w
e

ll-d
o

cu
m

e
n

te
d

 in
 th

e
 p

h
o

n
e

tic lite
ra

tu
re

 (se
e

, fo
r

e
xa

m
p

le
, W

e
stb

u
ry 1

9
8

3
; W

e
stb

u
ry a

n
d

 K
e

a
tin

g
 1

9
8

6
; O

h
a

la
 a

n
d

 O
h

a
la

 1
9

9
1

, 1
9

9
3

;
B

e
ll-B

e
rti 1

9
9

3
; H

a
ye

s 1
9

9
5

; P
a

te
r 1

9
9

6
, in

 p
re

ss; H
a

ye
s a

n
d

 S
tive

rs in
 p

ro
g

re
ss).  In

fa
ct, th

e
 a

b
se

n
ce

 o
f a

 p
o

st-n
a

sa
l vo

icin
g

 e
ffe

ct in
 th

e
 ca

se
 o

f [p
] a

n
d

 [k] a
fte

r a
 n

a
sa

l
vo

w
e

l is ra
th

e
r u

n
e

xp
e

cte
d

.  In
 th

e
se

 sto
p

s, th
e

 d
e

cre
a

se
 in

 d
u

ra
tio

n
 o

f vo
ice

le
ss clo

su
re

is in
ste

a
d

 p
ro

d
u

ce
d

 b
y a

 sh
o

rte
r clo

su
re

 d
u

ra
tio

n
.  T

h
e

 o
ccu

rre
n

ce
 o

f sh
o

rte
r clo

su
re

s in
n

a
sa

l e
n

viro
n

m
e

n
ts m

a
y b

e
 co

n
n

e
cte

d
 to

 th
e

 g
e

n
e

ra
l fin

d
in

g
 a

cro
ss la

n
g

u
a

g
e

s th
a

t n
a

sa
l

vo
w

e
ls a

re
 lo

n
g

e
r th

a
n

 th
e

ir o
ra

l co
u

n
te

rp
a

rts (se
e

 W
h

a
le

n
 a

n
d

 B
e

d
d

o
r 1

9
8

9
 a

n
d

re
fe

re
n

ce
s cite

d
 th

e
re

in
).  It is co

n
ce

iva
b

le
 th

a
t th

e
 g

re
a

te
r le

n
g

th
 o

f th
e

 n
a

sa
l vo

w
e

ls
p

ro
d

u
ce

s a
 co

m
p

e
n

sa
to

ry re
d

u
ctio

n
 in

 le
n

g
th

 o
f th

e
 o

n
se

t co
n

so
n

a
n

t in
 G

u
a

ra
n

í in
 o

rd
e

r
to

 m
a

in
ta

in
 a

 m
o

re
 e

ve
n

 sylla
b

le
 d

u
ra

tio
n

; a
d

ju
stm

e
n

ts o
f th

is kin
d

 in
 co

n
so

n
a

n
t a

n
d

vo
w

e
l le

n
g

th
 h

a
ve

 b
e

e
n

 n
o

te
d

 in
 E

n
g

lish
 a

s p
a

rt o
f a

 g
e

n
e

ra
l te

n
d

e
n

cy to
 e

q
u

a
lize

 th
e

length of syllables (as noted by, for exam
ple, Ladefoged 1993; Laver 1994).

1
2

T
h

e
 re

su
lts o

f th
is stu

d
y ra

ise
 so

m
e

 o
th

e
r d

ire
ctio

n
s fo

r fu
tu

re
 re

se
a

rch
.  O

n
G

u
a

ra
n

í, it w
o

u
ld

 b
e

 p
ro

d
u

ctive
 to

 re
p

lica
te

 th
e

 stu
d

y o
f tim

in
g

 e
ffe

cts in
 o

ra
l ve

rsu
s

n
a

sa
l w

o
rd

s w
ith

 a
 la

rg
e

r b
a

se
 o

f su
b

je
cts in

 o
rd

e
r to

 ve
rify th

a
t th

e
 g

e
n

e
ra

liza
tio

n
s h

o
ld

fo
r th

e
 la

n
g

u
a

g
e

.  In
 o

th
e

r la
n

g
u

a
g

e
s w

ith
 co

n
tra

stin
g

 o
ra

l/n
a

sa
l vo

ca
lic e

n
viro

n
m

e
n

ts, it
w

o
u

ld
 b

e
 w

o
rth

 in
ve

stig
a

tin
g

 w
h

e
th

e
r a

 fixe
d

 p
e

rio
d

 fo
r vo

ice
le

ssn
e

ss o
ccu

rs fo
r

vo
ice

le
ss sto

p
s.  T

h
e

 fin
d

in
g

s o
f th

e
 p

re
se

n
t stu

d
y su

g
g

e
st th

a
t a

 fixe
d

 vo
ice

le
ss p

e
rio

d
is a

 p
ro

p
e

rty th
a

t co
n

trib
u

te
s to

 d
e

fin
in

g
 vo

ice
le

ss sto
p

s, a
t le

a
st in

 G
u

a
ra

n
í.  F

u
rth

e
r

w
o

rk is n
e

e
d

e
d

 to
 d

e
te

rm
in

e
 w

h
e

th
e

r th
is p

h
o

n
e

tic ch
a

ra
cte

ristic is u
n

ive
rsa

l o
r

la
n

g
u

a
g

e
-p

a
rticu

la
r.

A
n

 in
te

re
stin

g
 im

p
lica

tio
n

 o
f th

e
 co

n
te

xtu
a

l va
ria

tio
n

 in
 tim

in
g

 fo
u

n
d

 in
 th

is w
o

rk
is th

a
t it co

n
firm

s th
e

 n
e

e
d

 to
 ch

a
ra

cte
rize

 th
e

 p
h

o
n

e
tic im

p
le

m
e

n
ta

tio
n

 o
f p

h
o

n
o

lo
g

ica
l

fe
a

tu
re

s a
s w

e
ll a

s th
e

 o
ve

rla
p

 o
f a

rticu
la

tio
n

s fro
m

 o
n

e
 se

g
m

e
n

t to
 th

e
 n

e
xt (se

e
, fo

r
e

xa
m

p
le

, C
h

o
m

sky a
n

d
 H

a
lle

 1
9

6
8

; P
ie

rre
h

u
m

b
e

rt 1
9

8
0

; B
ro

w
m

a
n

 a
n

d
 G

o
ld

ste
in

 1
9

8
6

,
1

9
8

9
, 1

9
9

0
; K

e
a

tin
g

 1
9

8
8

, 1
9

9
0

; C
o

h
n

 1
9

9
0

, 1
9

9
3

a
, b

; H
u

ffm
a

n
 1

9
9

0
, 1

9
9

3
; K

in
g

sto
n

1
2  T

h
a

n
ks to

 Jo
h

n
 O

h
a

la
 fo

r p
o

in
tin

g
 o

u
t th

e
 p

o
ssib

le
 co

n
n

e
ctio

n
 o

f re
d

u
ce

d
 le

n
g

th
 in

 o
n

se
t

co
n

so
n

a
n

t clo
su

re
 to

 th
e

 in
cre

a
se

 in
 n

a
sa

l vo
w

e
l d

u
ra

tio
n

.
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1
9

9
0

; K
in

g
sto

n
 a

n
d

 D
ie

h
l 1

9
9

4
; fo

u
n

d
a

tio
n

 is p
ro

vid
e

d
 b

y Ö
h

m
a

n
 1

9
6

6
, 1

9
6

7
).  V

a
rio

u
s

m
o

d
e

ls o
f p

h
o

n
e

tic im
p

le
m

e
n

ta
tio

n
 h

a
ve

 b
e

e
n

 p
ro

p
o

se
d

 w
h

ich
 m

a
p

 fro
m

 a
n

 a
b

stra
ct

p
h

o
n

o
lo

g
ica

l 
re

p
re

se
n

ta
tio

n
 

to
 

a
 

m
o

re
 

co
n

cre
te

 
co

n
tin

u
o

u
s 

se
q

u
e

n
ce

 
o

f 
tim

e
d

articulations or gestures, and I w
ill briefly consider the G

uaraní results in relation to som
e

of these m
odels.

S
o

m
e

 
a

n
a

lysts 
h

a
ve

 
a

rg
u

e
d

 
th

a
t 

th
e

 
p

h
o

n
e

tic 
co

rre
la

te
s 

o
f 

fe
a

tu
re

s 
a

re
co

o
rd

in
a

te
d

 w
ith

 o
th

e
r a

rticu
la

tio
n

s in
 syste

m
a

tic w
a

ys.  F
o

r e
xa

m
p

le
, K

in
g

sto
n

’s (1
9

9
0

)
‘b

in
d

in
g

 p
rin

cip
le

’ p
o

sits a
 co

o
rd

in
a

tio
n

 b
e

tw
e

e
n

 la
ryn

g
e

a
l fe

a
tu

re
s a

n
d

 sto
p

 co
n

so
n

a
n

t
re

le
a

se
.  T

h
e

 b
in

d
in

g
 p

rin
cip

le
 is in

te
n

d
e

d
 to

 co
n

stra
in

 th
e

 p
o

ssib
le

 tim
in

g
 o

f g
lo

tta
l

a
rticu

la
tio

n
s in

 re
la

tio
n

 to
 o

ra
l g

e
stu

re
s, e

xp
la

in
in

g
 w

h
y la

ryn
g

e
a

l fe
a

tu
re

s m
o

re
fre

q
u

e
n

tly m
o

d
ify a

sp
e

cts o
f th

e
 re

le
a

se
 ra

th
e

r th
a

n
 th

e
 o

n
se

t o
f clo

su
re

.  H
u

ffm
a

n
(1

9
9

0
) m

a
ke

s a
 re

la
te

d
 p

ro
p

o
sa

l in
 h

e
r in

ve
stig

a
tio

n
 o

f th
e

 p
h

o
n

e
tic im

p
le

m
e

n
ta

tio
n

 o
f

th
e

 fe
a

tu
re

 [n
a

sa
l].  W

o
rkin

g
 in

 th
e

 w
in

d
o

w
s fra

m
e

w
o

rk o
f fe

a
tu

re
 re

a
liza

tio
n

 (K
e

a
tin

g
1

9
8

8
, 1

9
9

0
; C

o
h

n
 1

9
9

0
), H

u
ffm

a
n

 a
rg

u
e

s fo
r th

e
 e

xiste
n

ce
 o

f ‘a
rticu

la
to

ry la
n

d
m

a
rks’

w
h

ich
 fix th

e
 tim

in
g

 o
f n

a
sa

lity/o
ra

lity (o
r o

th
e

r fe
a

tu
re

s) in
 re

la
tio

n
 to

 o
th

e
r a

rticu
la

to
ry

e
ve

n
ts.  In

 th
e

 ca
se

 o
f o

ra
l sto

p
s, sh

e
 fin

d
s th

a
t th

e
 p

ro
p

e
rty o

f o
ra

lity ([-n
a

sa
l]) is

a
sso

cia
te

d
 w

ith
 th

e
 p

o
in

t o
f clo

su
re

 re
le

a
se

.  N
a

sa
l sto

p
s o

n
 th

e
 o

th
e

r h
a

n
d

 h
a

ve
 th

e
p

ro
p

e
rty o

f n
a

sa
lity ([+

n
a

sa
l]) a

ffilia
te

d
 w

ith
 th

e
 d

u
ra

tio
n

 o
f th

e
 clo

su
re

.  T
h

e
 G

u
a

ra
n

í
d

a
ta

 a
re

 co
n

siste
n

t w
ith

 b
o

th
 K

in
g

sto
n

 a
n

d
 H

u
ffm

a
n

’s p
ro

p
o

sa
ls in

 th
a

t th
e

 p
o

in
t o

f
re

le
a

se
 o

f vo
ice

le
ss sto

p
s in

 o
ra

l a
n

d
 n

a
sa

l co
n

te
xts w

a
s co

n
siste

n
tly o

ra
l a

n
d

 vo
ice

le
ss.

T
h

e
 o

ra
l clo

su
re

s in
 th

e
se

 d
a

ta
, h

o
w

e
ve

r, ru
le

 o
u

t a
 p

o
ssib

le
 in

te
rp

re
ta

tio
n

 o
f vo

ice
le

ss
sto

p
 tra

n
sp

a
re

n
cy e

xte
n

d
in

g
 H

u
ffm

a
n

’s p
ro

p
o

sa
l in

 w
h

ich
 th

e
 clo

su
re

 o
f th

e
 sto

p
 is

n
a

sa
l a

n
d

 o
n

ly th
e

 re
le

a
se

 is o
ra

l.
1

3  In
 re

g
a

rd
 to

 vo
ice

 tim
in

g
, re

ca
ll fro

m
 (1

4
) th

a
t th

e
va

ria
n

ce
s fo

r V
O

T
 in

 n
a

sa
l to

ke
n

s w
e

re
 fo

u
n

d
 to

 b
e

 a
t le

a
st tw

ice
 th

a
t in

 o
ra

l to
ke

n
s a

t
a

ll p
la

ce
s o

f a
rticu

la
tio

n
.  If vo

ice
 o

n
se

t tim
e

 is a
 fu

n
ctio

n
 o

f w
h

e
n

 th
e

 g
lo

ttis clo
se

s
re

la
tive

 to
 th

e
 sto

p
 re

le
a

se
, th

e
n

 th
is in

d
ica

te
s th

a
t th

e
 co

o
rd

in
a

tio
n

 o
f th

e
 g

lo
tta

l clo
su

re
a

n
d

 o
ra

l re
le

a
se

 is m
u

ch
 m

o
re

 va
ria

b
le

 in
 n

a
sa

l to
ke

n
s.  T

h
is sig

n
ifica

n
t a

 d
e

g
re

e
 o

f
d

iffe
re

n
ce

 in
 va

ria
n

ce
 ca

n
n

o
t b

e
 a

ttrib
u

te
d

 sim
p

ly to
 th

e
 in

cre
a

se
 in

 vo
ice

 o
n

se
t tim

e
 in

n
a

sa
l w

o
rd

s; fu
rth

e
r, th

is d
iffe

re
n

ce
 w

a
s sp

e
cific to

 V
O

T
: va

ria
n

ce
s fo

r clo
su

re
 d

u
ra

tio
n

s
d

id
 n

o
t d

iffe
r syste

m
a

tica
lly fo

r o
ra

l ve
rsu

s n
a

sa
l w

o
rd

s (se
e

 (1
5

)).  K
in

g
sto

n
 (p

e
rso

n
a

l
co

m
m

u
n

ica
tio

n
) su

g
g

e
sts th

a
t th

e
 va

ria
b

ility in
 n

a
sa

l to
ke

n
s m

a
y co

m
e

 a
b

o
u

t fro
m

 th
e

sh
ift in

 th
e

 g
lo

tta
l a

rticu
la

tio
n

 h
a

vin
g

 b
e

co
m

e
 ‘u

n
b

o
u

n
d

’ fro
m

 th
e

 o
ra

l a
rticu

la
tio

n
.  T

h
is

u
n

b
in

d
in

g
 co

u
ld

 b
e

 ca
u

se
d

 b
y th

e
 sh

ift in
 th

e
 g

lo
tta

l a
rticu

la
tio

n
 fro

m
 th

e
 o

n
se

t o
f

clo
su

re
 w

h
ich

 ta
ke

s p
la

ce
 fro

m
 th

e
 d

e
la

y in
 g

lo
tta

l o
p

e
n

in
g

 (o
ccu

rrin
g

 in
 [t]).  T

h
is

1
3  T

h
a

n
ks to

 Jo
h

n
 K

in
g

sto
n

 fo
r b

rin
g

in
g

 th
is p

o
in

t to
 m

y a
tte

n
tio

n
.
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e
xp

la
n

a
tio

n
 p

o
sits a

 co
n

n
e

ctio
n

 in
 th

e
 tim

in
g

 o
f th

e
 g

lo
tta

l a
rticu

la
tio

n
 to

 b
o

th
 th

e
 o

n
se

t
a

n
d

 re
le

a
se

 o
f clo

su
re

.  In
 th

e
 ca

se
 o

f sto
p

s w
h

ich
 h

a
ve

 a
 sh

o
rte

r clo
su

re
 d

u
ra

tio
n

 in
n

a
sa

l co
n

te
xts, th

e
 e

a
rlie

r p
o

in
t o

f re
le

a
se

 a
n

d
 th

e
 sh

ift o
f th

e
 g

lo
tta

l a
rticu

la
tio

n
 to

p
e

rsist lo
n

g
e

r in
to

 th
e

 vo
w

e
l m

a
y a

lso
 u

n
b

in
d

 th
e

 g
lo

tta
l a

n
d

 o
ra

l a
rticu

la
tio

n
s.

A
n

 im
p

o
rta

n
t p

ro
p

e
rty o

f th
e

 p
h

o
n

e
tic im

p
le

m
e

n
ta

tio
n

 o
f [-vo

ice
] fo

u
n

d
 in

 th
is

stu
d

y is th
a

t th
e

 d
u

ra
tio

n
 o

f vo
ice

le
ssn

e
ss re

m
a

in
s fixe

d
 a

n
d

 sh
ifts in

to
 th

e
 fo

llo
w

in
g

vo
w

e
l w

h
e

n
 th

e
 vo

ice
le

ss se
g

m
e

n
t o

f th
e

 clo
su

re
 d

e
cre

a
se

s.  T
h

is kin
d

 o
f p

h
o

n
e

tic
b

e
h

a
vio

r 
in

d
ica

te
s 

th
a

t 
it 

is 
n

o
t 

th
e

 
ca

se
 

th
a

t 
th

e
 

b
o

u
n

d
a

rie
s 

o
f 

th
e

 
p

e
rio

d
 

o
f

vo
ice

le
ssn

e
ss a

re
 fixe

d
 in

 re
la

tio
n

 to
 o

ra
l g

e
stu

re
s, ra

th
e

r th
e

re
 is so

m
e

 ro
o

m
 fo

r
m

o
ve

m
e

n
t. 

 
T

h
is 

rig
h

tw
a

rd
 

sh
ift 

o
f 

th
e

 
vo

ice
le

ss 
g

e
stu

re
 

fits 
w

e
ll 

w
ith

 
th

e
re

p
re

se
n

ta
tio

n
s o

f A
rticu

la
to

ry P
h

o
n

o
lo

g
y, w

h
e

re
 g

lo
tta

l fe
a

tu
re

s a
re

 m
o

d
e

lle
d

 a
s

d
u

ra
tio

n
a

l g
e

stu
re

s a
rra

ye
d

 o
n

 a
 tie

r fo
r la

ryn
g

e
a

l a
rticu

la
tio

n
s (B

ro
w

m
a

n
 a

n
d

 G
o

ld
ste

in
1

9
8

6
, 1

9
8

9
, 1

9
9

0
).  T

h
e

se
 m

a
y b

e
 co

o
rd

in
a

te
d

 w
ith

 g
e

stu
re

s o
n

 o
th

e
r tie

rs, b
u

t th
e

y
h

a
ve

 so
m

e
 fle

xib
ility in

 th
e

ir tim
in

g
.  In

 n
a

sa
l co

n
te

xts in
 G

u
a

ra
n

í, th
e

 e
a

rly o
n

se
t o

f
re

le
a

se
 o

r in
cre

a
se

 in
 clo

su
re

 vo
icin

g
 p

u
sh

e
s th

e
 vo

ice
le

ss g
e

stu
re

 to
 th

e
 rig

h
t, p

ro
d

u
cin

g
a

 g
re

a
te

r vo
ice

 o
n

se
t tim

e
 in

to
 th

e
 su

cce
e

d
in

g
 vo

w
e

l.  T
h

e
 re

la
tive

 in
d

e
p

e
n

d
e

n
ce

 o
f th

e
la

ryn
g

e
a

l tie
r a

n
d

 th
e

 tie
r re

p
re

se
n

tin
g

 o
ra

l co
n

strictio
n

 re
a

d
ily re

fle
cts th

is kin
d

 o
f sh

ift
in

 th
e

 o
ve

rla
p

 fro
m

 o
n

e
 se

g
m

e
n

t to
 th

e
 n

e
xt.

T
h

e
 n

e
e

d
 fo

r so
m

e
 fle

xib
ility in

 p
h

o
n

e
tic im

p
le

m
e

n
ta

tio
n

 is a
lso

 re
co

g
n

ize
d

 b
y

K
in

g
sto

n
 a

n
d

 D
ie

h
l (1

9
9

4
).  In

 th
e

ir w
o

rk o
n

 th
e

 re
a

liza
tio

n
 o

f th
e

 fe
a

tu
re

 [vo
ice

], th
e

y
fin

d
 th

a
t p

h
o

n
e

tic im
p

le
m

e
n

ta
tio

n
 is g

o
ve

rn
e

d
 b

y ce
rta

in
 co

n
stra

in
ts, w

h
ich

 lim
it th

e
ra

n
g

e
 o

f p
o

ssib
le

 re
a

liza
tio

n
s; h

o
w

e
ve

r, w
ith

in
 th

is ra
n

g
e

, th
e

 sp
e

a
ke

r m
a

y co
n

tro
l th

e
o

u
tco

m
e

, b
a

la
n

cin
g

 th
e

 d
e

m
a

n
d

s o
f m

in
im

izin
g

 a
rticu

la
to

ry e
ffo

rt w
ith

 liste
n

e
r-o

rie
n

te
d

m
a

xim
iza

tio
n

 o
f p

e
rce

p
tib

ility.  If w
e

 ta
ke

 a
s a

 h
yp

o
th

e
sis th

a
t in

 th
e

 g
e

n
e

ra
l ca

se
 in

G
u

a
ra

n
í, a

 fixe
d

 d
u

ra
tio

n
 o

f vo
ice

le
ssn

e
ss is n

e
e

d
e

d
 fo

r p
e

rce
p

tib
ility o

f vo
ice

le
ss sto

p
s,

th
e

n
 

th
e

 
sh

ift 
o

f 
th

e
 

vo
ice

le
ss 

p
e

rio
d

 
w

h
e

n
 

vo
ice

le
ss 

clo
su

re
 

d
e

cre
a

se
s 

ca
n

 
b

e
ch

a
ra

cte
rize

d
 a

s a
 co

n
tro

lle
d

 a
d

ju
stm

e
n

t to
 a

cco
m

m
o

d
a

te
 liste

n
e

r-o
rie

n
te

d
 n

e
e

d
s.  T

h
is

sh
ift still o

b
e

ys th
e

 co
n

stra
in

t o
f p

ro
d

u
cin

g
 vo

ice
le

ssn
e

ss a
t th

e
 p

o
in

t o
f re

le
a

se
.

1
4  In the

ca
se

 o
f [k], th

e
 vo

ice
 o

n
se

t tim
e

 is co
n

je
ctu

re
d

 to
 h

a
ve

 re
a

ch
e

d
 a

 th
re

sh
o

ld
.  T

h
is

th
re

sh
o

ld
 is liste

n
e

r-o
rie

n
te

d
 if th

e
 vo

ice
 o

n
se

t tim
e

 is u
n

d
e

rsto
o

d
 to

 b
e

 su
fficie

n
t to

fa
cilita

te
 p

e
rce

p
tio

n
 o

f th
e

 vo
ice

le
ss q

u
a

lity (a
n

d
 in

d
e

e
d

, th
e

 vo
ice

le
ss q

u
a

lity o
f th

e
 [k]

se
e

m
s to

 b
e

 re
a

d
ily p

e
rce

p
tib

le
).  If th

e
 th

re
sh

o
ld

 is in
ste

a
d

 u
n

d
e

rsto
o

d
 a

s m
a

xim
a

l, w
ith

1
4  It h

a
s b

e
e

n
 su

g
g

e
ste

d
 to

 m
e

 b
y B

ru
ce

 H
a

ye
s th

a
t th

e
 in

cre
a

se
 in

 th
e

 vo
ice

 o
n

se
t tim

e
 in

 n
a

sa
l

to
ke

n
s co

u
ld

 b
e

 a
 co

n
se

q
u

e
n

ce
 o

f a
 g

re
a

te
r g

lo
tta

l a
b

d
u

ctio
n

 to
 in

h
ib

it p
o

st-n
a

sa
l vo

icin
g

.  W
h

ile
 th

is
is a

n
 in

te
re

stin
g

 fa
cto

r to
 co

n
sid

e
r a

n
d

 ce
rta

in
ly m

e
rits fu

rth
e

r in
ve

stig
a

tio
n

, th
e

 fixe
d

 d
u

ra
tio

n
 o

f th
e

vo
ice

le
ss p

e
rio

d
 a

cro
ss o

ra
l a

n
d

 n
a

sa
l to

ke
n

s su
g

g
e

sts th
a

t th
e

re
 is a

ctu
a

lly a
 co

n
tro

lle
d

 sh
ift in

 g
lo

tta
l

tim
in

g
 ta

kin
g

 p
la

ce
.
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vo
ice

 o
n

se
t a

s a
 co

n
se

q
u

e
n

ce
 o

f a
e

ro
d

yn
a

m
ic fa

cto
rs, th

is w
o

u
ld

 b
e

 a
 sp

e
a

ke
r-o

rie
n

te
d

e
ffe

ct.  In
 e

ith
e

r ca
se

, th
e

 fixe
d

 o
n

se
t o

f vo
icin

g
 in

 th
e

 vo
w

e
l fo

llo
w

in
g

 [k] is m
o

d
e

ra
te

d
b

y m
in

im
iza

tio
n

 o
f a

rticu
la

to
ry e

ffo
rt.  K

in
g

sto
n

 a
n

d
 D

ie
h

l’s n
o

tio
n

 o
f a

 sp
e

a
ke

r-
co

n
tro

lle
d

 p
h

o
n

e
tics lim

ite
d

 b
y ce

rta
in

 p
rin

cip
le

s a
n

d
 co

n
stra

in
ts th

u
s p

ro
vid

e
s a

 g
o

o
d

fra
m

e
w

o
rk in

 w
h

ich
 to

 ch
a

ra
cte

rize
 th

e
 co

m
p

e
tin

g
 d

e
m

a
n

d
s in

 th
e

 re
a

liza
tio

n
 o

f G
u

a
ra

n
í

vo
ice

le
ss sto

p
s in

 n
a

sa
l co

n
te

xts a
s w

e
ll a

s th
e

 co
n

trib
u

tio
n

 o
f th

e
se

 d
e

m
a

n
d

s to
 th

e
d

iffe
re

n
t o

u
tco

m
e

s fo
r a

n
te

rio
r ve

rsu
s ve

la
r sto

p
s.  T

h
e

 G
u

a
ra

n
í d

a
ta

 sh
o

w
 th

a
t so

m
e

d
e

g
re

e
 o

f fle
xib

ility in
 tim

in
g

 a
n

d
 a

n
 a

ckn
o

w
le

d
g

e
m

e
n

t o
f va

rio
u

s a
n

d
 so

m
e

tim
e

co
n

flictin
g

 
re

a
liza

tio
n

a
l 

re
q

u
ire

m
e

n
ts 

is 
n

e
ce

ssa
ry 

in
 

a
n

y 
th

e
o

ry 
o

f 
p

h
o

n
e

tic
im

plem
entation.

4
.5

T
w

o-burst events
In

 th
is la

st se
ctio

n
, I o

u
tlin

e
 a

 so
m

e
w

h
a

t d
iffe

re
n

t p
a

tte
rn

 o
b

se
rve

d
 in

 th
e

 re
le

a
se

 o
f a

sm
a

ll se
t o

f vo
ice

le
ss sto

p
s in

 n
a

sa
l co

n
te

xts.  In
 th

e
se

 ca
se

s, th
e

 vo
ice

le
ss sto

p
s a

p
p

e
a

r
to

 
h

a
ve

 
tw

o
 

ra
th

e
r 

th
a

n
 

o
n

e
 

e
ve

n
ts 

a
sso

cia
te

d
 

w
ith

 
th

e
 

b
u

rst. 
 

S
o

m
e

 
sa

m
p

le
sp

e
ctro

g
ra

m
s a

re
 g

ive
n

 in
 (2

5
) a

n
d

 (2
6

) b
e

lo
w

.
T

he spectrogram
 in (25), w

hich show
s the V

C
V

 portion of [
h
a
)ta

)è] ‘hard’ illustrates
o

n
e

 kin
d

 o
f p

a
tte

rn
 se

e
n

 in
 th

e
se

 e
xce

p
tio

n
a

l to
ke

n
s.  H

e
re

 th
e

re
 a

re
 tw

o
 a

p
p

a
re

n
tly

se
p

a
ra

te
 b

u
rst sp

ike
s.  In

 to
ke

n
s like

 th
is, th

e
 b

u
rst sp

ike
s se

e
m

 to
 b

e
 fa

r e
n

o
u

g
h

 a
p

a
rt to

ru
le

 o
u

t a
n

 o
ccu

rre
n

ce
 o

f sim
p

ly a
 slo

p
p

y b
u

rst (a
s, fo

r e
xa

m
p

le
, w

a
s fo

u
n

d
 in

 so
m

e
to

ke
n

s o
f [k]).  T

h
e

 sp
e

ctro
g

ra
m

 fo
r [
p
ˆ ‚tu

)è] ‘d
a

rk’ in
 (2

6
) sh

o
w

s a
 se

co
n

d
 kin

d
 o

f tw
o

-
e

ve
n

t p
ro

d
u

ctio
n

.  H
e

re
 th

e
 m

a
in

 b
u

rst sp
ike

 is p
re

ce
d

e
d

 b
y a

 p
e

rio
d

 o
f e

n
e

rg
y, fo

cu
se

d
m

ostly in the higher frequencies.

- 212 -



- 213 -
- 214 -

In
 b

o
th

 o
f th

e
 tw

o
-b

u
rst p

a
tte

rn
s, th

e
 se

co
n

d
 o

f th
e

 b
u

rst e
ve

n
ts d

isp
la

ye
d

 th
e

ch
a

ra
cte

ristics o
f th

e
 u

su
a

l re
le

a
se

 o
f th

e
 sto

p
 w

ith
 th

e
 first b

u
rst a

p
p

a
re

n
tly re

su
ltin

g
from

 a brief breach in the oral closure; how
ever, a fuller understanding of the articulatory

a
ctio

n
 p

ro
d

u
cin

g
 th

is first b
u

rst re
q

u
ire

s fu
rth

e
r in

ve
stig

a
tio

n
.  A

lth
o

u
g

h
 it is n

o
t cle

a
r

w
h

y, to
ke

n
s e

xh
ib

itin
g

 o
n

e
 o

f th
e

se
 d

iffe
re

n
t sp

e
ctro

g
ra

p
h

ic p
a

tte
rn

s w
e

re
 re

stricte
d

p
rim

a
rily to

 in
sta

n
ce

s o
f [t] in

 n
a

sa
l w

o
rd

s.  It sh
o

u
ld

 b
e

 n
o

te
d

 th
a

t w
h

e
n

 th
is kin

d
 o

f
p

a
tte

rn
 o

ccu
rre

d
, th

e
 d

u
ra

tio
n

 fro
m

 th
e

 in
itia

tio
n

 o
f clo

su
re

 to
 th

e
 se

co
n

d
 b

u
rst e

ve
n

t
w

a
s o

fte
n

 lo
n

g
e

r th
a

n
 th

e
 re

g
u

la
r o

n
e

-b
u

rst-e
ve

n
t to

ke
n

s fo
r [t].  A

lth
o

u
g

h
 th

e
 tw

o
-

e
ve

n
t p

a
tte

rn
 o

ccu
rre

d
 in

 o
n

ly so
m

e
 o

f th
e

 n
a

sa
l w

o
rd

s w
ith

 [t], th
is in

cre
a

se
d

 le
n

g
th

ra
ise

d
 th

e
 a

ve
ra

g
e

 clo
su

re
 d

u
ra

tio
n

 fo
r [t] in

 n
a

sa
l co

n
te

xts a
n

d
 co

n
trib

u
te

d
 to

 [t] b
e

in
g

th
e

 o
n

e
 p

la
ce

 o
f a

rticu
la

tio
n

 th
a

t d
id

 n
o

t h
a

ve
 sh

o
rte

r clo
su

re
s in

 n
a

sa
l w

o
rd

s (se
e

 (1
5

)).
A

n
 in

trig
u

in
g

 fe
a

tu
re

 o
f th

e
 tw

o
-b

u
rst p

h
e

n
o

m
e

n
a

 is th
e

ir a
p

p
a

re
n

t co
rre

la
tio

n
 to

n
a

sa
l to

ke
n

s.  It is co
n

ce
iva

b
le

 th
a

t so
m

e
 a

sp
e

ct o
f th

e
 tim

in
g

 o
f ve

lic clo
su

re
 a

n
d

o
p

e
n

in
g

 m
a

y co
n

trib
u

te
 to

 th
e

se
 o

ccu
rre

n
ce

s.  In
 o

rd
e

r to
 te

st th
e

 h
yp

o
th

e
sis th

a
t th

e
tw

o
-e

ve
n

t p
a

tte
rn

s a
re

 co
n

n
e

cte
d

 to
 th

e
 n

a
sa

l co
n

te
xt, it is n

e
ce

ssa
ry to

 m
a

ke
 u

se
 o

f
in

stru
m

e
n

ta
l te

ch
n

iq
u

e
s w

h
ich

 g
ive

 m
o

re
 in

fo
rm

a
tio

n
 a

b
o

u
t ve

lu
m

 p
o

sitio
n

 d
u

rin
g

p
ro

d
u

ctio
n

 o
f th

e
 sto

p
.  P

h
o

to
d

e
te

cto
r d

e
vice

s, w
h

ich
 re

g
iste

r th
e

 re
la

tive
 a

m
o

u
n

t o
f

lig
h

t th
a

t p
a

sse
s th

ro
u

g
h

 a
n

 o
p

e
n

in
g

, w
o

u
ld

 p
ro

vid
e

 d
ire

ct in
fo

rm
a

tio
n

 a
b

o
u

t ve
lic

a
p

e
rtu

re
 (se

e
, e

.g
., O

h
a

la
 1

9
7

1
 o

n
 th

e
 N

a
so

g
ra

p
h

; D
a

lsto
n

 1
9

8
2

).  A
 le

ss in
va

sive
a

lte
rn

a
tive

 w
o

u
ld

 b
e

 to
 m

e
a

su
re

 n
a

sa
l a

irflo
w

 (se
e

, e
.g

., B
e

n
g

u
e

re
l 1

9
7

4
; C

o
h

n
 1

9
9

0
;

H
u

ffm
a

n
 1

9
9

0
; G

e
rfe

n
 1

9
9

6
).  O

n
e

 o
f th

e
 m

o
st su

cce
ssfu

l m
e

a
n

s o
f m

e
a

su
rin

g
 a

irflo
w

 is
w

ith
 a

 sp
lit m

a
sk th

a
t co

ve
rs th

e
 n

o
se

 a
n

d
 m

o
u

th
.  T

h
e

 m
a

sk is d
ivid

e
d

 to
 d

e
te

ct o
ra

l a
n

d
n

a
sa

l a
irflo

w
 se

p
a

ra
te

ly, a
n

d
 a

 re
a

d
in

g
 is a

ch
ie

ve
d

 b
y d

ire
ctin

g
 th

e
 a

ir in
to

 a
 d

e
vice

 to
m

e
a

su
re

 a
ir p

re
ssu

re
 w

h
ich

 is u
se

d
 to

 co
n

ve
rt th

e
 d

iffe
re

n
ce

s in
 a

irflo
w

 in
to

 a
 va

ryin
g

e
le

ctric sig
n

a
l.  W

h
ile

 th
is a

lte
rn

a
tive

 m
a

y b
e

 m
o

re
 co

m
fo

rta
b

le
 fo

r th
e

 su
b

je
cts, it o

n
ly

p
ro

vid
e

s in
fo

rm
a

tio
n

 a
b

o
u

t ve
lu

m
 p

o
sitio

n
 to

 th
e

 e
xte

n
t th

a
t it m

a
y b

e
 e

xtra
p

o
la

te
d

 fro
m

n
a

sa
l a

irflo
w

 re
a

d
in

g
s; p

h
o

to
d

e
te

cto
rs g

ive
 m

o
re

 d
ire

ct e
vid

e
n

ce
.  A

 va
rie

ty o
f o

th
e

r
in

ve
stig

a
tive

 
te

ch
n

iq
u

e
s 

a
re

 
o

u
tlin

e
d

 
b

y 
K

ra
ko

w
 

a
n

d
 

H
u

ffm
a

n
 

(1
9

9
3

), 
a

n
d

 
a

n
in

stru
m

e
n

ta
l stu

d
y o

f G
u

a
ra

n
í m

a
kin

g
 u

se
 o

f o
n

e
 o

f th
e

se
 d

e
vice

s w
o

u
ld

 b
e

 a
 w

o
rth

y
p

ro
je

ct fo
r fu

tu
re

 re
se

a
rch

.
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4
.6

A
ppendix: W

ord pairs

/p
/

1.
/ru

p
aè/

[ru
p
a
è]

‘b
e

d
’ (1

st p
o

ss.)
/n

u
p
a)è/

[n
u
)p
a
)è)]

‘to
 h

it’

2
.

/ d
jo

p
iè/

[ d
Z
o
p
iè]

‘to
 itch

, stin
g

’
/p

o
p
i ‚è/

[p
o
)p
i ‚è]

‘to
 p

e
e

l, strip
’

3
.

/k
ep

eè/
[k

e
p
e
è]

‘a
sle

e
p

’
/m

b
o
p
e
)è/

[m
o
)p
e
è)]

‘h
e

/sh
e

 b
ro

ke
’

4
.

/p
ep

eè/
[p

e
p
e
è]

‘to flutter, flap w
ings’ (lit.)

/ d
je

p
e
)è/

[¯
e
)p
e
è)]

‘to
 b

re
a

k’

5
.

/ d
ja

p
iè/

[ d
Z
o
)p
iè]

‘to
 th

ro
w

, sh
o

o
t a

t’
/ d

jap
i ‚è/

[¯
a
)p
i ‚è]

‘to
 cu

t h
a

ir’

6
.

/h
ap

è̂/
[h

a
p

è̂]
‘to

 ca
tch

 fire
’

/Sap
i ‚è/

[Sa
)p
i ‚è]

‘d
e

fe
ctive

, a
m

p
u

ta
te

d
, cu

t o
ff’

/t/

1.
/k

u
tu

è/
[k

u
tu

è]
‘to stick (w

ith), prick, strike’
/p

ˆtu
)è/

[p
‚̂tu

)è)]
‘d

a
rk’

2
.

/itaè/
[ita

è]
‘sto

n
e

, ro
ck’

/ˆta)è/
[

‚̂ta
)è)]

‘to
 sw

im
’

3
.

/m
b
o
t

è̂/
[m

b
o
t

è̂]
‘to

 clo
se

, sh
u

t’
/m

b
o
ti ‚è/

[m
o
)ti ‚è]

‘to
 ca

u
se

 sh
a

m
e

’

4
.

/p
o
taè/

[p
o
ta

è]
‘to

 w
a

n
t, d

e
sire

’
/teta)è/

[te
)ta

)è)]
‘n

a
tio

n
, co

u
n

try’

5
.

/tatiè/
[ta

tiè]
‘d

a
u

g
h

te
r-in

-la
w

’
/tati ‚è/

[ta
)ti ‚è]

‘h
o

rn
’

6
.

/p
atiè/

[p
a
tiè]

‘nam
e of a fish’

/k
ati ‚è/

[k
a
)ti ‚è]

‘stin
kin

g
’
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7
.

/tataè/
[ta

ta
è]

‘fire
’

/h
ata)è/

[h
a
)ta

)è)]
‘h

a
rd

’

/k/

1.
/Su

k
aè/

[Su
k
a
è]

‘to
 sh

o
w

’
/tu

k
a)è/

[tu
)k
a
)è)]

‘to
u

ca
n

’

2
.

/p
o
k
o
è/

[p
o
k
o
è]

‘to
 to

u
ch

’
/m

o
k
o
)è/

[m
o
)k
o
)è)]

‘to
 sw

a
llo

w
’

3
.

/o
k
eè/

[o
k
e
è]

‘to
 sle

e
p

’
/o

k
e)è/

[o
)k
e
)è)]

‘d
o

o
r’

4
.

/h
ek

o
è/

[h
e
k
o
è]

‘cu
sto

m
, b

e
h

a
vio

r’ (3
 p

o
ss.)

/h
o
k
e)è/

[h
o
)k
e
)è)]

‘d
o

o
r’ (3

 p
o

ss.)

5
.

/ d
jo

k
a
è/

[ d
Z
o
k
a
è]

‘to
 b

re
a

k’
/m

o
k
a
)è/

[m
o
)k
a
)è)]

‘to
 w

ip
e

 u
p

, w
a

sh
’

6
.

/k
ak

aè/
[k

ak
aè]

‘to
 d

e
fe

ca
te

’
/h

ak
a)è/

[h
a
)k
a
)è)]

‘b
ra

n
ch

’


