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Department of Linguistics, University of Stockholm 

Abstract 
Voice onset time (VOT) was measured in initial stops produced by children at 12 
and 18 months of age. VOT values were typically short but increasingfiom front 
to back places of articulation. These findings parallel the predominance of plain 
voiceless and unaspirated stops and the underrepresentation of voiced velar stops 
in the world's languages. This parallel is discussed in terms of language- 
independent vocal tract and auditory constraints. 

VOT in stop inventories 
It has been observed that the world's languages 
tend to favor voiceless over voiced stop conso- 
nants, and that the most common stops are the 
plain voiceless and unaspirated /p/, It/ and /k/. If 
a language has a single stop series, it is almost 
invariably the plain one. An examination of the 
sound inventories contained in the UCLA 
Phonological Segment Inventory Database 
(UPSID, Maddieson, 1984; Maddieson and 
Precoda, 1989) gives the frequency of occur- 
rence for plain as compared to aspirated stops 
shown in Table 1 (It/ and /th/. stand for stops 
that are either dental or alveolarl). 

Table I .  Number /percent of UPSID sound in- 
ventories containing the respective plain and 
aspirated stop consonant types (based on 451 
languages). 

Plain Aspirated 

The popularity of plain stops in the world's 
languages has been ascribed both to simplicity 
of production and auditory salience (e.g., 
Willerman, 1994; Keating et a]., 1983). By 
definition, plain stops are produced without 
accompanying adjustments such as aspiration or 
palatalization; and abrupt transitions between 
silence and vowels make them stand out clearly 
in the flow of speech. However, many lan- 
guages do contrast two or more stops at the 
same place of articulation. Two-way contrasts 
are usually found along the voice onset time 
(VOT) dimension, and systems with additional 
contrasts generally contain at least two opposed 

. VOT categories. 

Irrespective of the number of VOT catego- 
ries in an inventory, their precise phonetic im- 
plementation seems to be related to place of 
articulation. In particular, velar stops usually 
have longer VOTs than their labial or dental/- 
alveolar counterparts (e.g., Lisker and 
Abramson, 1964). Also, a tendency to avoid 
voiced velars is apparent in the distribution of 
voicing across places of stop articulation in the 
world's languages. Table 2 shows the extent to 
which various combinations of place and 
voicing are lacking in the UPSID stop invento- 
ries. 

Table 2. Number of languages lacking stops 
with the respective feature combinations. 

Dental/ 
Bilabial Alveolar Velar 

Voiceless 45 8 12 
Voiced 129 140 166 

It can be seen that more languages lack 
voiced velar than voiced dentallalveolar stops, 
and that the same relation holds, but less 
strongly, for dental/alveolar vs. bilabial stops" 
(cf. Sherman, 1975). 

The relatively small proportion of voiced 
stops in the world's languages has been ex- 
plained as a consequence of the rapid pressure 
rise which occurs when air flows into the closed 
oral cavity, reducing the transglottal pressure 
drop to a point where voicing can no longer be 
maintained. The fact that voicing typically does 
not cease immediately after the oral closure is 
formed is thought to be due to expansion of the 
oral cavity. Cavity expansion occurs when the 
vocal tract walls yield to the air pressure, but 
the cavity volume can also be actively enlarged 
via maneuvers such as larynx and jaw lowering. 
Ohala and Riordan (1979) have indicated that 
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voicing in /b/, Id1 and Igl can be maintained for 
about 80, 60 and 50 ms, respectively, if only 
passive expansion of the vocal tract is allowed 
to take place; longer stop voicing durations 
would require appropriate muscle contractions. 
Since the oral cavity can be expanded more 
efficiently for front than for back places of 
articulation, the maximum duration of voicing 
increases from back to front; for further discus- 
sion and references, see Ohala (1983). 

VOT in early vocalizations 
If on-line VOT effects and voicing asymmetries 
in stop inventories originate in the same univer- 
sal constraints, parallel biases would also be 
expected in young children's prelinguistic 
vocalizations and early words. As a preliminary 
check of this possibility, VOT was measured in 
initial stops produced by 24 Swedish and 27 
American English children, aged 12 and 18 
months, with about the same number of children 
in each age group. The stops to be measured 
were auditorily classified as bilabial, 
dentallalveolar or palatal/velariii. Tokens with a 
nasal-sounding prevoicing were excluded. The 
12-month-olds produced mostly babbling, while 
the 18-month-olds produced both babbled and 
meaningful utterances. For all utterances, place 
of articulation was inferred from what was actu- 
ally heard rather than from the adult form of the 
target word. Measurements were made from 
oscillograms and spectrograms simultaneously 
displayed using the Kay CSL 4300 system. The 
material was drawn randomly from a multi- 
purpose, video-recorded, cross-sectional child 
language database, described in Stoel-Gammon 
et al. (1994), and had previously been used in a 
listening test. The number of tokens per age and 
place of articulation is shown in Table 3 below. 
Note the small number of bilabial productions 
by the 12-month-olds. 
The results are summarized in Fig. 1 where the 
Swedish and American children have been 
pooled. The data for the 12-month-olds are 
shown in the upper part of continuum has been 
divided into three the figure, and those for the 
18-month-olds are shown in the lower part. The 
VOT intervals, as shown along the x-axis: 
voicing lead (VOT less than 0 ms), short lag 
(VOT between 0 and 25 ms) and long lag (VOT 
greater than 25 ms). For each VOT interval and 
place of articulation, percent occurrence is 
shown along the y-axis. 

For the 12-month-olds, the bilabials were 
found in the lead interval more frequently than 
the dentallalveolars or palatallvelars; the latter 

- were the least common in the lead interval. In 

Bilabial 
DentIAlv 
PalNel 

Bilabial 
DenVAlv 
PaWel 

<O 0-25 >25 

VOT INTERVALS (ms) 

Fig. I. Voice onset time distribution for bila- 
bial, dental/alveolar and palatal/velar initial 
stops as produced by Swedish and American- 
English (pooled) 12- and 18-month-olds. 

the long lag interval, the pattern was reversed 
such that the palatallvelars were more common 
than the bilabials, with the dentallalveolars fal- 
ling inbetween. For the 18-month-olds, the pic- 
ture is similar except that a greater proportion of 
the tokens were found in the voicing lag in- 
tervals; the bilabials, in particular, were less 
common in the lead interval as compared to the 
data for the 12-month-olds. Most significantly, 
however, the 25 ms short lag interval was pro- 
portionately overrepresented such that 47% of 
the bilabials, 61% of the dentallalveolars and 
33% of the palatallvelars were found in this in- 
terval; 65% of the palatallvelars were found in 
the +50 ms interval. Thus, for both ages, the 
modal VOTs are short (bilabials and 
dentallalveolars) to moderate (palatallvelars). 
This pattern confirms previously reported 
babbling and early speech data (e.g., Eilers et 
al., 1984), and is also close to the VOT values 
cited for the widespread plain stop category 
(e.g., Lisker and Abramson, 1964). 
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The ranges of variation for the three places 
of articulation and the two ages are given in 
Table 3. It is noteworthy that the duration of the 
voicing lead productions is sometimes well 
above 100 ms; six 12-month-olds and seven 18- 
month-olds occasionally display VOT values 
lower than -100 ms, i.e., voicing started more 
than 100 ms ahead of the stop release and con- 
tinued unbroken throughout the closure interval. 
According to Ohala and Riordan (1979, see 
above), this clearly exceeds the maximum time 
interval during which voicing can be maintained 
if only passive cavity expansion takes place. If 
similar constraints are valid for young children, 
the longest prevoicing intervals observed in the 
data may be due to active enlargement of the 
oral cavity volume. Even though these children 
do not evidence a clear-cut voiced vs. voiceless 
contrast in terms of a bimodal VOT distribution, 
some of them may have discovered the 
expansion-voicing link. 

In summary, preliminary analyses suggest 
that VOT patterns for children at 12 and 18 
months of age parallel those found in the stop 
inventories of the world's languages as well as 
in adult speakers' phonetic implementation of 
voicing contrasts. Specifically, the typologically 
frequent plain stop consonant type was clearly 
overrepresented in the data, and VOT varied 
with place of articulation in the expected direc- 
tion. This parallel would seem to indicate a 
common origin in vocal tract and auditory con- 
straints. However, a learninglimitation explana- 
tion for these patterns is also possible; more 
extensive analyses are needed to evaluate the 
possible influences of ambient language and 
word status, which have not been considered in 
this paper. Finally, the results also suggest that a 
prerequisite for the production of voiced stops, 
active cavity expansion, may be part of the 
phonetic motor repertoire as early as 12 months 
of age. 

Table 3. Ranges of VOT variation in initial stops produced by 12- and 18- 
month-olds at the bilabial, dental/alveolar and palatalhelar places of 
articulation. 

12 month olds N 18-month olds N 
Bilabial -119 -- 68 19 -127-- 144 79 
DentallAlveolar -128- 84 79 -125-- 95 38 
PalatalNelar -113 -- 169 43 - 97 -- 148 67 
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i Dentals and alveolars are combined into one category because the UPSID sources are not always specific about place 
categorization in this region. 
ii Note also that voiceless labials are absent more frequently from the stop inventories than are voiceless dental/alveolars and 
velars. As suggested by Ohala (1983), this may be an acoustic-auditory effect of the spectrally diffuse and low-intensity /p/ 
burst. 
111 The palatal vs. velar distinction was somewhat difficult to infer reliably and has therefore been collapsed into at 
palatallvelar region. In general, when making the auditory judgments, we were aware of the risk that VOT itself could have 
influenced our perception of place. But having seen spectrograms of all analyzed vocalizations we are fairly confident that 
this did not happen. In future analyses, however, auditory impressions should be complemented with as consistent as 

- possible application of spectrographic criteria. 




