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Both linguists and speech-language
pathologists
are interested
in understanding
how -- and why -- the speech of children differs
from that of adults.
This interest is motivated
both by the desire to better understand
the ambient (adult) phonology and to improve methods of remediation
for functionally
misarticu1ating
youngsters.
One issue of concern to child phonologists
is whether certain
sound substitutions
in child speech are due to phonological
or phonetic factors (McReynolds and Elbert, 1981).
Frequently
mentioned
in this connection
is the apparent substitution
by children of
voiceless for voiced obstruents
in word-final
position.
Ingram
(1974:59) observes that 'most if not all' children devoice final
stops at some point in their development.
But how should this commonly occurring phenomenon
be described?
Difficulty
in producing a
perceptually
effective
/b,d,g/ might stem, for example, from some
motor or auditory deficit, or from the child's relative anatomical
and/or physiological
immaturity
(Kent, 1976).
But it might also stem
from the child's use of a phonological
process to simplify the adult
form of words (Bernthal and Bankson, 1981) or from an inability by
the child to find some articulatory
means of countering
the natural
tendency of the production
mechanism
to suppress voicing during the
closure interval of obstruents
(Donegan and Stampe, 1979).
One criterion traditionally
used to distinguish
between a phonological vs phonetic interpretation
is consistency
of production.
If a child never produces /b,d,g/ correctly in final position, for
example, most investigators
would regard the child's devoicing as
having a 'phonetic' or 'articulatory'
basis.
The problem in interpretation arises when the child manages to produce final voiced
stops correctly some of the time, as is frequently
the case for wordfinal /b,d,g/ as well as most other sounds at some point during the
evolution of a child's phonetic inventory.
This study investigates
factors which may lead to variability
in the production
of final stops by children and adults.
More specifically,
it examines children's
ability to sustain or suppress
voicing (glottal pulsing) during production
of /p/ and /b/ occurring
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singly or together in clusters.
Voicing is known to be one of
several important phonetic correlates
of the contrast between
sounds like /p,t,k/ and /b,d,g/ (Lisker, Abramson, Cooper and
Schvey, 1969;Lisker,
1978,1979).
As children mature the vocal tract
enlarges (Goldstein, 1979) and respiratory
capacity increases
(Tait,
Michel, and Carpenter,
1980). At the same time, the duration of phonetic intervals produced by children seems to decrease as children
get older (Kent, 1976). Factors such as these may make it increasingly easy for children, as they age, to produce fully voiced stops.
However, previous studies of child speech do not provide a clear
picture of children's control of voicing during the production
of
stop consonants.
A study by Smith (1979, personal communication)
indicated that 2- and 4-year-olds
sustained voicing for only about
40 msec during production
of final voiced stops(/b,d/),
less than
half t2e duration of voicing in stops produced by adults in that
study.
But in a recent study by Raphael, Dorman, and Geffner
(1980) it was reported that children aged 3 and 4 sustained voicing for an average 80 msec in final voiced stops (/b,d,g/). The
voicing duration produced by children in the Raphael et ale study
seems
to approximate
that of the adults in Smith's (1979) study,
but we cannot be certain that it indicates an equivalence
to adult
performance
by children since no adult control population
was included.
Thus one purpose of the present study was to determine
at what age young children sustain voicing in stops for as long
as adults.
We also examined the effect of two
phonetic contexts thought
likely to influence children's
ability to sustain voicing. Previous research suggests that children may articulate
speech sounds
differently
in isolated words than in words forming part of a larger utterance.
Barton and Macken (1980), for example, report longer
VOT values in stops produced by 2- and 4-year-olds
in isolated
words than in words embedded in sentences.
Landahl (1979:135) notes
the hypothesis
that children articulate words more 'precisely'
in
isolated words than in words found in longer utterances.
Weismer,
Dinnsen, and Elbert (1981) note that stops may be omitted more frequently at the end of multi-word
utterances
than at the end of isolated words.
And Ingram (1976:85)' reports that certain sounds substitutions may occur more frequently
in long than short words.
There is also some evidence from adult speech that final stops
are most likely to be devoiced at the end of multi-word
utterances,
especially long ones.
Shockey (1974) provides phonetic transcription of spontaneous
speech produced by three adult males. Tabulating the number of final voiced obstruents
that were devoiced,
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we found
a greater proportion
of devoicing in pre-pausal position
(21/79) than in words embedded within an utterance
(55/445).
This
may be related to the finding of Flege and Brown (1980) that postvocalic /b/ was partially devoiced more frequently in the final
word of multi-word
utterances
(especially long ones) than in the
same word found utterance-medially.
Thus we wished to determine
whether speakers would be less likely to devoice the final stop of
isolated words than ~tops terminating multi-word
utterances
and, if
so, whether there would be any difference between children and adults.
Finally, we wished to
a stop would influence how
found that the duration of
initial /b,d,g/ when these
We wanted to learn if vowel
final stops and, if so, if
speakers of different ages.

determine if the vocalic environment
of
long voicing is sustained.
Smith (1978)
prevoicing was longer in utterancestops preceded high than low vowels.
height would also affect utterancesuch an effect would be similar for

Procedures
Six speakers in four groups differing in age (and, of course,
physical size and development)
produced utterances
containing one
to three words.
Speakers in the adult control group were all female (mean age: 24 years). There were both boys and girls in a 10year-old speaker group (mean age: 10;8); 7-year-old group (mean age:
8;0); and 4-year-old
group (mean age: 4;9).
The task of each speaker was to produce a sequence of three utterances
in response to
each of the following cue words:
beep,

Bobby,

Bob,

bib,

Pibb,

Dodd,

did

In ,response to the cue word "beep", for example, a speaker was to
say: "Beep" (pause) "Beep beep" (pause) "Beep beep beep". The task
was modelled for each of the cue words before the experiment
so that
speakers learned to produce each word in an utterance with approximately equal stress and to pause before each utterance.
The cue
words were presented three times in the same order.
"Dodd" and
"did" utterances
have been excluded from analysis because the pressure-sensing
tube used to define stop closure (see below) caused
speakers in each group to noticeably
distort some productions
of /d/.
This left 2160 bilabial stops and stop clusters (/b/, /p/, /p#b/,
/b#p/, /b#b/) for analysis.
One important procedural
4-year-olds,
unlike the older

difficulty
should be mentioned.
children and adults, were unable

The
to
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produce the required sequence of three utterances
in response to
the cue words.
We did not attempt to train them for we
feared that doing so would alter their normal pattern of stop
production.
Instead, the 4-year-olds
were cued individually
for
each of the one-, two-, and three-word utterances.
It may be the case that stops are produced similarly in both
imitative and spontaneous
speech.
Leonard, Schwartz, Folger, and
Wilcox (1979) report that spontaneous
and imitative utterances
produced by children (aged 1;3 to 2;0) are subject to the same general production
contraints.
Naeser (1970) found that 2-year-olds
made vowels longer before final voiced than voiceless
stops (just
as they did in spontaneously
produced words) both when imitating
tape-recorded
words in which this durational
contrast was present,
and when imitating the same words in which it had been neutralized.
Smith (1979) found that imitatively-elicited
stops produced
by 2- and 4-year-olds
were often partially devoiced, even though
stops in the live-voice
'model' showed voicing through the entire
closure interval.
However, we cannot ignore the possibility
that
between-group
differences
may result from the fact that the 4-yearolds, but not the three older speaker groups, imitated the two- and
three-word utterances.

Measurements
In order to objectively
assess speakers' control of stop voicing, two signals were simultaneously
recorded on-line by an optical
oscillograph
as speakers produced the test utterances.
The closure
interval of each bilabial stop and stop cluster was defined by means
of ·variation in supraglottal
pressure, which was sensed through a
thin polyethylene
tube inserted about 10 rom into the buccal cavity
at the corner of the mouth.
Stop closure was defined as occurring
the moment the pressure trace began rising above baseline
(atmospheric pressure),
signalling
bilabial constriction.
Stop release
was defined as occurring when the supraglottal
pressure trace showed a sharp decrease towards baseline
(see Muller and Brown, 1980:
Figure 1).
Voicing (glottal pulsing) was monitored
by a small contact microphone
held against the larynx by an elastic band.
From
this signal we measured the duration of voicing to the nearest millimeter (1 rom = 6.29 msec) from stop closure to the last visible pulse
in the throat microphone
signal.3 The number of closure intervals
showing a clear break in voicing
(two glottal pulses or more) was
tabulat~d so as to provide a binary index of voicing control. The
duration of stop closure intervals and peak supraglottal
air pres-
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ure were

also measured,

but will

not be reported

on here.

RESULTS
Presence/absence

of voicing

One way to assess speakers' control of voicing is to determine
whether a phonologically
voiced stop like /b/ is produced with voicing that continues without interruption
through the entire closure
interval and whether a voiceless
stop like /p/ is produced with a
clear break in voicing before stop release.
In Table 1 the percentage of post-vocalic
stops and clusters showing a voicing break
4
21 (107)

Adults
710
62
6(107)
81(52)
10%
81
40(156)
83%
36%
65%
(162)
(159)
(425)
(211)
(624)
50(54)
35(54)
98(54)
41(54)
94(54)
80(51)
85(54)
34%
33(54)
89(54)
92%
24(54)
11
17(54)
(104)
(107)
(213)
(215)

babi
babbab
blbbIb
CVb II II

bipbip
plbplb

Table

has been

1.

Percentage
of post-vocalic
stops and stop clusters
showing a break in voicing during the closure interval. Number of tokens analyzed in parentheses.

tabulated.

These

data

indicate

that children

and adults

generally showed the same ability to sustain or suppress voicing
during production of the phonologically
voiced and voiceless
stops
/p/ and /b/.
The intervocalic
/b/ of Bobby was more consistently
produced
with voicing that continued
through the entire closure interval than
any other stop or stop cluster.
Only 10% of these voiced stops
showed a voicing break, a somewhat smaller proportion
than the 18%
observed for adults in a comparable
context by Flege and Brown (1980).
Just as in that previous study, most (66%) of the stops observed here
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to have a voicing break occurred in the final word of utterances.
The 4-year-olds
produced intervocalic
/b/ with a voicing break
more frequently
than either the 10-year-olds
or adults (p<.Ol
by Chi-square analysis).
This may be at least partly due to the
fact that closure of the /b/ produced by
the 4-year-olds
was
longer (72 msec) than were the stops produced by either the 10year-olds
(55 msec) or adults (54 msec).
This means that the 4-yearolds would have needed to maintain a transglottal
pressure drop
longer than the older speakers in order to produce /b/ without a
voicing break during the closure interval.
However, a difference
in closure duration will not explain why the 7-year-olds
partially
devoiced /b/ more frequently
than the 10-year-olds
(p < .01) since
the closure duration of the intervocalic
/b/ in Bobby produced
by the 7-year-olds
and 10-year-olds
was nearly identical
(58 and
55 msec, respectively).
We observed voicing breaks
more frequently when two Ibis
abutted across a word boundary in intervocalic
clusters such as
those found in the utterances
"Bob Bob" and "Bib bib".
About 35%
of these /b#b/ clusters showed a voicing break, a higher frequency
than that seen for the single intervocalic
/b/ of Bobby for all
This is perhaps not surprising
since
four speaker groups (p < .01).
labial closure was held over twice as long for the abutting /b#b/
clusters (an average 125 msec) than for a single /b/ (60 msec) ,
making it more likely that the transglottal
pressure drop necessary for voicing would cease to exist before stop release in the
/b#b/ clusters than in /b/.
Comparing speaker groups, we found no
differences
for the "Bob" utterances,
but when the /b#b/ clusters
occurred in the environment
of /1/ (1. e., in the "Bib" utterances)
the 10-year-olds
produced fewer voicing breaks than any of the other
speaker groups (p (.01).
A still higher percentage
of voicing breaks was observed during production
of /b/ when it occurred in pre-pausal
position at the
end of utterances.
A greater percentage
of these pre-pausal
Ibis
(65%) showed a voicing break than did the /b#b/ clusters for all
but the adult speaker group (p ~ .01).
The greater frequency of devoicing for stops found at the end of utterances
cannot be explained
simply on the basis of closure duration, since the average closure
duration of the utterance-final
Ibis was substantially
shorter (96
msec) than that of the abutting /b#b/ clusters (125 msec) which
showed a smaller percentage of voicing breaks.
Finally, we found that mixed utterance-medial
clusters containing both a /p/ and /b/ showed the highest percentage
of voicing
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breaks.

The great majority

-- about

88% -- of the medial

/p#b/ and /b#p/ clusters showed a voicing break, compared
to only about 35% of the homogeneous
/b#b/ clusters, a difference
which was significant
for all four speaker groups (p <.01). There
were no differences
between the speaker groups in terms of the
percentage of the /b#p/ and /p#b/ clusters which did not show a
voicing break.
About 12% of these mixed medial clusters showed no
break 'in voicing.
This is about the same percentage
as noted by
Flege and Brown (1980) for post-vocalic
/p/ produced by normal adults, but seems to be a higher frequency than the approximately 3% observed in mixed medial clusters by Westbury
(1979).

Duration

of voicing

Table 2 presents both the mean duration of voicing in /b#b/,
/p#b/ and /b#p/ clusters, as well as the percentage
of the closure intervals of these clusters which manifested
voicing.
It is
important to note that the mean voicing duration values reported
for all stops (middle column) reflect the duration of closure intervals because these values are based on some clusters in which voicing continued through the entire closure interval.
In such cases
the voicing duration measured equalled the duration of the stop
closure interval.
For this reason we have not analyzed these
values for voicing duration and will instead discuss h~re values
based on just the subset of stops in which voicing ceased sometime
during the closure interval (i.e., before stop release).
These
values are presented in the right-most
column in Table 2. One-way
analyses of variance were performed to test for between-group
differences for both mean voicing duration and percent (of closure
interval) voiced values.
The.results
of these analyses are also
presented in Table 2. When the Anova was significant,
it was
followed by post-hoc tests of paired comparison
(Tukey's HSD, p<.Ol).
Inspection of Table 2 reveals that the 10-year-olds
were better
able to sustain voicing in /b/ and suppress voicing in /p/ than either
the younger or older speakers.
Voicing duration was shortest in the
/p#b/ clusters, where voicing filled less than 35% of the closure intervals of the clusters produced by'all four speaker groups.
We
found no between-group
differences
in the percentage of the /p#b/
closure interval that was voiced.
This stands in contrast to Smith's
(1979) finding of a greater percentage
of voicing in intervocalic
/t/ produced by adults than by 2- and 4-year-olds.
When measured
in absolute terms, voicing continuation
into the voiceless
'segment'
of the /p#b/ clusters was shorter for the 10-year-olds
(11 msec)
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% of
GROUP

4
7

10
Adult

N

closure
voiced

54
34(36)
54
29(34)
51
26(39)
52
35 (33)
signif: .491

46(46)
37(40)
27(38)

53
44(27)
54
53(19)
54
60(19)
54
51 (16)
signif: .001**

61 (28)

51
79(30)
54
81 (24)
54
91 (18)
54
84(23)
signif: .078
54
53

79(25)
87(22)

54

97 (10)

54
83(21)
signif: .001**
Table 2.

mean
voicing
duration

N

mean
voicing
duration

CLUSTER

45
46
41
42

33(38)
22(21)
11(17)
30(15)
.001**

/ p /!b /

73(29)
82(25)
76(23)

45
51
48
53

54(24)
71(29)
79(23)
75(22)
.001**

/b /!p /

76(38)
81(27)
100(23)
99(36)

19
-22
13
19

52(34)
61(20)
82 (24)
75(35)

46 (36)

105(30)
107(29)
136(24)
129(40)

27 102(31)
18 89(35)
4 107 (14)
27 114(47)

/b /!b /

a a

/b /!b /

I I

The percentage of closure intervals manifesting
voicing as produced by four speaker groups (left
column); the mean duration of voicing for all clusters examined (middle column); and the mean duration of voicing in just those stops in ~hich
voicing ceased~during the closure interval. Standard deviations are in parentheses.

than for either the 4-year-olds (33 msec) or adults (30 msec)
(p "-. 0I) .
Voicing continued through about 50% of the closure interval of
the /b/!p/clusters, where the first member was a phonologically
voiced stop. All three of the older speaker groups sustained voicing longer in this cluster -- about 75 msec -- than did the 4-yearolds (45 msec), but only the 10-year-olds voiced a larger percentage of the /b/!p/clusters than did the 4-year-olds (p<.Ol).

g
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Voicing continued through about 85% of the closure interval of
/bUb/ clusters.
We did not statisticrally analyze between group differences for this cluster type because their number was small and
differed for each speaker group.
However, two points regarding
voicing duration in the IbUbl clusters are worth noting.
First,
the mean duration of voicing in stops produced by the two oldest
speaker groups averaged about 20 msec longer than that produced
by the two youngest speaker groups.
And, second, voicing duration
averaged about 40 msec longer in the vocalic environment
of III
than la/.
When the speaker groups were compared according to the
percentage of the IbUbl closure interval that was voiced, we found
that the Adult and 10-year-old
groups voiced a larger percentage
than did the 4-year-olds
when IbUbl occurred in an lal environment
For IbUbl in an III environment,
the 10-year-olds
voiced
(p < .01).
a larger percentage of the closure interval than did any other
speaker group including the adults (p <.01).
Absolute and relative (percentage) voicing durations are preIb/.
For pre-pausal
stops
sented in Table 3 for utterance-final
such as these it ·was equally possible to measure voicing when it
ceased during the closure interval or continued beyond stop release.
The duration of voicing in the subset of partially
'devoiced' uttervoiced
duration
%
of
ofclos.
n
clos.
durationvoiced
113
128
100
62
48(27)
68(26)
78
63(31)
64(43)
76
97
92(40)
(31)
124%(52)
105%(62)
(33)
(42)
76%
44%(26)
60%
67%(22)
(17)
(20)
voicing
81%(47)
71%(58)

a voicing
break showing
Only IbUUI

Iblltll

SPEAKER
GROUP

. -4

7

10
Adult

Table

3.

Mean duration of voicing '(in msec) and percentage
of stop
Ibl
closure intervals that were voiced in utterance-final
produced by four speaker groups.
Standard deviations
in
parentheses.

ance-final stops was about
nal stops taken together.

20 msec
Because

less than the average for all fithe number of partially devoiced
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final stops was small and differed across groups this subset of
stops has not been statistically
analyzed.
The set of all final
stops was examined by a three-way analysis of variance to determine if voicing duration in final stops was affected by: (1) the
length of the utterance in which it occured (1,2, or 3 words);
(2) the type of utterance in which it was found ("Bob" or "bib",
in which the preceding vowel was III; or "Bob" in which lal preceded); and (3) speaker group.
It is worth noting that in no case
did we perceive an epenthetic vowel foLlowing stops in which voicing
continued somewhat beyond stop release, and that the pattern
of results that obtained for the pooled data characterized
most
individual speakers in each group, both when all stops or just
devoiced final stops were considered.
Figure 1 displays the mean duration of voicing in stops found
in the "Pibb", "bib" and "Bob" utterances
{'roduced by the four

.,

D
Pibb

## ~

bi~

Bo~ # If
Sentence

##

~

40
80
<I:
lJ..
Z
0w
:J
0U
> 20
~
60
a: '0
Z
~
L?

ADULTS

10 YRS.

SUBJECT
Figure

1.

7 YRS.

4 YRS.

GROUP

Mean voicing duration
(in msec)
er groups in the utterance-final
"bib", and "Pibb" utterances.

produced by four speakstops of the "Bob",
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speaker groups.
Observe that voicing continued on average 23 msec
longer when /b/ was ~)receded by the vowel /1/ (in the "Pibb" and
"bib" utterances)
than by /a/ (in the "Bob" utterances) (p<.OOl).
Post-hoc tests revealed that voicing duration was longer in both
the "bib" and "Pibb" utterances
than in the "Bob" utterances
(p<.Ol).
and that there was no difference between the "Pibb" and "bib" utterances in voicing duration.
Figure 2 displays the mean duration of voicing produced by
the four speaker groups as a function of utterance length.
Utterance length was found to have a significant
effect on voicing
duration (p<.OOl). As utterance length increased from one to three
words voicing duration decreased by an average 20 msec.
Post-hoc
tests revealed that voicing duration was shorter at the end of the
three-word utterances
than at the end of either the one- or twoword utterances
(p <.01) .
60
Word
80
40
20

<t 0
Z
::)
0 ~0::wQU
fz
Z
S?

3 Words

<..:>

1.L

- In
CJ
~

ADULTS

10 YRS.

SPEAKER
Figure

2.

I
Utterance
Length

2 Words

7 YRS

4 YRS.

GROUP

Mean voicing duration (in msec) produced by four speaker groups in utterance-final
/b/ as a function of utterance length
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It is also evident from Figure I and Figure 2 that the
effect of speaker group on mean voicing duration was significant
(p~OOI).
Post-hoc tests showed that there was
no difference
between the Adult and 10-year-old
speaker groups, who sustained
voicing for 92 msec and 97 msec, respectively.
The two oldest
speaker groups voiced longer than the 7-year-olds
(who averaged
76 msec), and the 7-year-olds
in turn voiced longer than the 4year-olds
(64 msec) (p~.OI).
Thus the shortest voicing durations
to be observed were apt to
occur in stops produced by the 4-year-olds
at the end of the utterance "Bob Bob Bob".
Individual
data for this stop is presented in Table 4.
Note that these utterance-final
stops manifested
259
6
1 duration of voicing
45
3
Individual
Speakers
21(10)
13(6)
132
88
46
(39)
(11)
(10)
44(29)
71(24)
23(7)
948(24)
67
61(22)
111(20)
(13)
23(13)
0(0)
50(45)
59
65
83(30)
29
80(7)
71(49)
(16)
(15)
(18)
(32)
Mean
produced
by individual
92
(56)
in four speaker
groups
in the final n/b/
of for
"Bob
Bob cells.
Bob".
= 3
most
Standard
deviations
in parentheses;

speakers

ouE.

little voicing in this phonetic context for some speakers, especially
those in the youngest speaker group.
At the same time, however, some
of the youngest speakers sustained voicing for as long as the adults.
Voicing, it seems, is not uniquely determined by age or physical characteristics,
but is modulable by speakers, even young ones.
Discussion

Presence/absence

of voicing

When we considered
that our child speakers

voicing control
differed little

in binary terms it appeared
from adults.
The /b/ (in
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Bobby) produced by the younger speakers did show more frequent breaks in voicing than did the stops produced by older
speakers.
Still, even the 4-year-olds
fully voiced over threeforths of their Ibis, and an average 88% of the closure interval
their intervocalic
stops were voiced.

of

Even when producing
the much longer /b#b/ clusters speakers
in the four age groups were much alike, fully voicing about twothirds of these clusters.
The only important exception was the
lO-year-olds,
who produced fully voiced /b#b/ clusters in the
"bib" utterances
93% of the time, even more frequently
than did the
adults.
At present we can offer no explanation
for why the 10-yearolds were so successful
in fully voicing /b#b/ in an 11/ environment.
A future analysis of the air pressure waveforms will hopefully reveal if speakers in the 10-year-old
group made use of a
cavity expanding gesture not employed by speakers in the other
groups.
Speakers of different ages were also alike in sometimes failing .to suppress voicing in /p/ when this voiceless
stop abutted /b/
in mixed medial clusters (/p#b/ and /b#p/).
If we did not have adult data from this and previous studies (Lisker et al., 1969;
Westbury, 1979; Flege and Brown, 1980) we might have~alsely
concluded that the children's voicing of /p/ in these contexts reflects immaturity
in the control of laryngeal functioning.
However, it appears that speakers, regardless of age, sometimes fail
to execute the laryngeal devoicing gesture which is the usual means
of suppressing
voicing during production
of phonologically
voiceless obstruents
(Weismer, 1980).
Voicing

duration

Standing in contrast to our binary analysis of voicing
control,
we found differences
between speaker groups in terms of voicing duration.
Older speakers, especially
the lO-year-olds,
sustained voicing longer (in both relative and absolute terms) than the 4-yearolds in intervocalic
clusters.
For utterance-final
fbi, Adults and
10-year-olds
sustained voicing longer than the 7-year-olds,
who in
turn voiced longer than the 4-year-olds.
The average 64 msec of
voicing measured in the utterance-final
/b/ produced by the 4-yearolds in the present study seems to have exceeded the voicing duration
observed by Smith (1979) for /b/ and /d/ produced by 2- and 4-yearolds.
This may be due to the fact that our youngest speakers were
somewhat older, or to differences
in place of articulation
or mea-
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surement techniques.
We also found differences
between the 7-yearolds and Adults in the present study.
This suggests that the
ability to sustain voicing for long intervals continues to augment for a long period during childhood.
Smith (1979) suggests that the relatively
long voicing duration in stops produced by mature speakers may be associated with
relatively small values for supraglottal
pressure in their stops
compared to stops produced by young children.
This observation
is
partially supported by the present findings.
The mean supraglottal pressures for utterance-final
/b/ produced by the four speaker groups were: 4.24 cm H20 (10-year-olds);
5.03 cm H20 (Adults);
5.72 cm H 0 (4-year-olds)
; 6.15 cm H20 (7-year-olds
) Stops
produced ~y the 10-year-olds
had smaller supraglottal
pressure values than those produced by any of the other speaker groups (including the adult female speakers),
and stops produced by Adults had
smaller supraglottal
pressure values than those of the 7-year-olds.
In addition to between-group
differences,
we found that voicing continued longer during final /b/ when it was preceded by /1/
than /a/, and that voicing continued longer when /b/ occurred at
the end of long (three-word)
than short (one- and two-word) utterances.
The present data will not permit an explanation
of why
utterance length or identify of the preceding vowel affected voicing duration in utterance-final
/b/.
To fully understand why voicing may be sustained longer under certain conditions
it is necessary to have information
concerning dynamic changes in supra- and
subglottal pressure, laryngeal resistance,
and the configuration
of
the supraglottal
cavity during stop production.
It does
simply
sure.

not seem

to be the case

that

these

two effects

can be

explained by means of differences
in supraglottal
air presThe supraglottal
pressure of stops terminating
utterances

of different lengths were: 5.63 cm H20 (one-word utterances);
5.45
cm H20 (two-word utterances);
and 4.69 cm H20 (three-word utterances).
A three-way analysis of variance revealed that the effect of
utterance length on peak pressure was significant
for all four
speaker groups in the same way (p<.OOl).
Post-hoc tests revealed
that pressure was smaller in stops found at the end of the threeword utterances
than at the end of either two- or one-word utterances (p < .01). (A similar trend was also noted for utterance-final/p/.)
Instead of voicing duration being greatest in stops
produced with relatively
small supraglottal
pressure values, voicing duration was actually greatest for stops at the end of the oneword utterances where supraglottal
pressure was also greatest. In
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fact,
examination
of final stops in which voicing ceased before
stop release showed there to be a significant
positive correlation (p<.Ol) between voicing duration and peak supraglottal
pressure.
Such a relationship
may exist simply because when the transglottal pressure difference
necessary for voicing is maintained
for
a relatively long time, supraglottal
pressure also continues to increase for a relatively long time and thus reaches high levels.
There seemed to be no relation between supraglottal
pressure
and the effect of preceding vowel identity noted above.
Even
though voicing continued on average 23 msec longer when /b/ was
preceded by /1/ than tal, we found no difference
in peak supraglottal

vs.

pressure

of /b/ when

it was preceded

by /1/

(5.26

cm H20)

/a/ (5.33 cm H20).

Implications

for Child

Phonology

--

For a phonological
analysis to be validc' the data upon which it
is based must be truly representative
of the speech of some speaker
or group of speakers.
The data itself ultimately
derives from the
classification
of speech sounds by a researcher
as belonging
to
various linguistic
ca~egories
(phonemes). Despite the fact that
a child's final stops must be classified
as voiced or voiceless for
the purpose of phonological
analysis,
the data reported here demonstrates substantial
variation in production
of one important correlate (voicing) of the contrast between /p/ and /b/ as a function
of both speaker age and phonetic context.
An important question
to ask concerning
these data is whether the range of variation
in
voicing duration seen here is sufficient
to affect perception of
final stops as voiced or voiceless.
Some speakers, especially
those in the youngest age group, produced utterance-final
/b/ with
little closure voicing, sometimes even less than the average voicing duration seen in an utterance-final
/p/ (15 msec). We know of
no study which has examined the perceptual
effect of varying voicing duration in final stops (or, alternatively,
percentage voicing;
see Smith, 1979).
Raphael (1972) found that final stops synthesized
without closure voicing could nonetheless
be perceived as voiced
provided the duration of the preceding vowel was sufficiently
long.
Raphael's data also indicates that when the closure interval of
final stops did have closure voicing, the duration of the preceding vowel needed to cue voiced stop judgments was reduced.
If the relatively
short voicing durations observed in stops
produced by the speakers in this study contributes
(along with
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certain other acoustic dimensions)
to the perception
of stop
devoicing,
it suggests that when gathering data both vowel
environment
and utterance length should be controlled
for.
It is possible that when assessing a child's phonological
competence an investigator
might, for example, find evidence of
morphophonemic
alternations
or phonemic contrasts largely as a
result of comparing stops produced in environments
favoring and
disfavoring
the presence of voicing
(e.g., the utterancefinal /b/ of "Bib" and "Bob Bob Bob").
If the duration of voicing
(glottal pulsing) is an important
aspect of the final devoicing phenomenon,
the present data suggest that final devoicing
is a continuuus
rather than all-ornone phenomenon
as one might expect from characterization
of it in
terms of binary distinctive
features (cf. Flege and Port, 1981).
Our findings are congruent with Hooper's
(1979) view that the
'output' of a rule such as final devoicing may represent a phonetic continuum in which only some minimal characteristic
of a sound
-- voicing in this case -is affected.
It also supports the
belief that devoicing
is a 'response to phonetic difficulties'
by
the speech production
mechanism
(Donegan and Stampe, 1979:136) that
is automatic and unsuppressible
(Hooper, 1979).
Older speakers
sustained voicing longer than younger speakers, but even adults
partially devoiced many stops in intervocalic
and final position.
The present findings provide no evidence that at some age children
learn to voice final stops or suppress final devoicing.
Instead,
we observed a gradual increment across speaker groups as a function
of age.
It is possible, however, that
more substantial
and abrupt
differences
might be found if younger speakers were examined.
Smith
(in press) reports that children first begin to successfully
produce
fi~al voiced stops in their third year. somewhat later .than when
children begin differentiating
voiced from voiceless
stops in syllable-initial
position
(Barton and Macken, 1980).
The question which remains to be answered by future research
is whether voicing duration differences
such as those noted here
are simply due to physical maturation
(e.g., a greater surface area
bounding the supraglottal
cavity; see Muller and Brown, 1980), or
whether older speakers voice longer than some younger speakers because they have learned to employ -an articulatory
maneuver to
sustain voicing in stops.
Before this question can be answered
we will need further data regarding voicing duration in the speech
of young children.
Marked increases in voicing duration that cannot
be explained on the basis of physical parameters
may provide empirical evidence for the acquisiton
of a phonological
rule.
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NOTES

lThe

authors

would

like

to thank

Rosemarie

Onate,

Debbie

Rod-

requez, and Lisa Toll for help with data gathering and analysis,
and Dennis Ingrisano and Bruce Smith for comments on an earlier
draft of this report.
This study was funded in part by NIH grants
to the Institute for the Advanced Study of the Communication
Processes, University
of Florida (NS07l07) and the Department
of Communicative
Disorders, Northwestern
University
(NS07l00).
2This average voicing duration is based on just those final
stops in which voicing ceased before stop release.
Smith's (1979)
findings were originally
reported in terms of the percentage of
a closure interval that was voiced.
Adult-child
differences
appeared to be minimal for intervocalic
stops.
3pressure may actually begin increasing
in the mouth before
complete bilabial contriction
is achieved because an orifice which
is partially closed may offer resistance
to airflow.
Thus the values reported here for voicing duration may have been somewhat less
had we defined stop closure by means of acoustic evidence or comlete cessation of airflow~
The probable overestimation
of voicing duration (about 10-20 msec, see Muller and Brown, 1980) will be
a constant increment across speaker groups if the rate of bilabial
closure is constant for speakers of different ages.
However, if
children close their lips more slowly than adults, the present study may have
underestimated
adult-child
differences
in voicing duration.
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