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N, THE ACQUISITION OF THE VOICING CONTRAST IN*SPANISH. 'z’§
“ A PHONETIC AND PHONOLGGICAL STUDY OF HORD-INITIM. STOP CONSONANTS.' %;
m
.2
Marlys A. Macken and Oavi‘d Barton \‘/ . (Y]
Department of Linguistics ¢ ’
Stanford University * o

_ 'ABSTRACT This paper reports on the acquisition of the voicing contrast '
in MeXxican-Spanish word-initial ptops. In Study 1, three monolingual children

were recorded ever two weeks for seven months, beginning when the ohil'dren were
abott 1:7: In Stddy 2, four monolingual children.about 3;10 wer recordod orice or
twice. Two analyses were done. Instrumental -analysis of the stop productions
revealed that not even by age 3;10 were the childron consistently distinguishing
between voiced-voiceless stop cognate pairs on the basis of adult-like voice-onset

ime characteristics. The spirantization apalysis, however, more clearly revealed
the chdron s phonological knowledge. Discussion focuses on the implications of

* the data for phonological development) in gonorﬂ" and for the phonological
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destription of ‘voicing in Spanish. '> , o

\
.

Introduction : T . .

T+~ - - Spanish Was a two way voicing contrast at~ tho. ‘labtad, genddt and: vohr

’places of articulation. Lisker and .Abramsop 1964 and Williams 1977 found that

adult Spanish .speakers produce consistent voice onset time difforencos between
members of voicdd, voideless cogngte pairs.. Voice onset time (or VOT) ‘refers to

the time interval between the release of stop closure and the gnset of vocal fold

vibration. The Spanish voiced phonemes are csharacterized by the presence of
glottal pulsing during articulatory closure; they are called 'lead' voicing types

in the Lisker and Abramson framework. .The Spanish voiceless phonemes are 'shqrt .

lag' stops: veoicing does not begin until up to 25 milliseconds (n\ s) after release
of closure. VOT has also been shown to be a sufficient cue for the discrimination
of cognate pairs by adult Spanish speakers (Abramson and Lisker 1973; Williams
1977). Since VOT has been thus shown to reliably distinguish Vo ed-voiceless
gairs:' ip Spanish, we hypothesiged that as the child acquires prod tive control
ovor voicing, VOT values would change concomitan,ﬂy. . H

.

-~ The Spanish voicing contrast has another impqrtant phonetic property:
the voipqﬂ onemes have two allophones--a stop and -agvoiced spirant of the same

occur 1in uttor
(e.g. Harris 19

initial position and after nasals, "and [4] occuts after /1/
Von the 'Spanish spirantization rule’ ). “In addition, the voiced

-place ot %ion. According to conventional descriptions, the stops [bdg]

stop allophones Mmay occur in, any word-initial position’ in carefu] or . andante.

speséch (Harris 1969). Tho spirants occur 1in ’ll othe positions Although the
Navarro's ’i_lnaly is of
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writton corpora, 1968). most phonological descriptions of Sppnish set up the stops
/bdg/ as the systematic phonemes and #Her ive the spirants frdm the stops by rule.

Since these analyses identify the stop phenes as bagic, we could vexpect that '

children acquire the .Stop phones [bdg] before the spirant phones [B3Y] and still, '

lator loarn tho correct pattern of distribution.

Thus, two analysos are presented. a';.hs first is based on ’E,h. instrumental
investigatjon of the VOT characteristics of word-initial stops consonants; and-the

. second is based on a tabu]ation of the [-continuant] and [+continuant] phones
. produsad for word - initial ‘- voiced as opposed to voiceless stop phonemes.

" 'Continint' js used here as a cover term to include both the spirants [B37Y] and )

“the glides [(wj], both of which. .the thildren produce in place of the voiced-stop

Phonemes. These analyses are carried out for both of the studies: Study 1, which o

is the® longitudinal study of the productions of three children who were about 1;
at the beginning of ‘the study; any Study 2, a cross- -sectional study in which fouv(

reforred to as tha two-year-olds and the 'four-year-olds', resgectively. Since ~--

the, data from the two sets of children are overall highly similagf we will _discuss

children aged about 3; 10 served as subjects. 2 These two groups oi‘fhildren will be -

both studies in parallel. _
. . '.

’

Method  , | ‘ | ' o (/\. | S

ubjects. Home interviews with prospective subjects and their families

were conducted to determine the degree of cooperation, the verbal ‘level, etc. of
the ch}fldren and the families' interest, in participation in the .study. The
interyiews were conducted by a native Mexican- SpaniSh spoaker who was a me{nber‘ of’
the community and had been hired as our community liaison person. In nearly. all
cases, this person had known the families for some length of time. A typed
statement (in Spanish) of the Project's goals and. a detailed description of the
experimental mothodology were given to the parents after both -aspects had baen
vorbally covered by the community liaison person.

’

-

4

Four children were salocted to be subjects in St'udy 1 beca)i‘sa they were K

_monolingdal speakers of Spnnish with no siblings of school age, they were

producing at least €ome initial stop words, they: showed evidence of normal
Canguage development, and they appeared ta be cooperative. One of thdse children

*began learning some English mid-way through the‘study. this child's data are not

included here. Four monolingual Spanish-speakihg children were selected to ‘be

subjects for Study 2; althougb we would have profm'red that these ‘children’ also - -

_have no siblings of school age, this was not posssiblo Both sets of chi]dron ai&o
met the -following ¢riteria: pativd Mexican- Spandsh speaking parents; no ]anguaoa
other than Spanish spoken in thb home; ‘residence in Redwood City. Califog¥ia, a"
community with a substantial Spanish- speaking population (one excoption) e One
child whose family does not live in Redwood Ci~ty is-Maria; her family had moved -to
Stanford from.Mexico City six months prior. hen participaf,'ipn in ‘the study.
Finally, all the families return to\Mexico oVery year for visits of up to several
Zmonths, in duratiion,, Given that the families live in a country’ w‘\ero £English 1s

" the domihant 1anouago. spme contact with English is unavoidable. We' feel,

¥

N H
2. These studies were conducted as part of a cross-,linguistic in igat.ion of
voicing acquisition in English, Spanish ‘and Cantonoso. , "
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TABLE I. Subjects. ) ,
v o ' - Approx. , eaars| ' Parents -
‘ : - First  last |Vocab. Yamily  Mexican .
Subjects Sex|Session Session|Begiun.|Siblings |in USA{ Dislect Ares
—iq- : - —
- 2-Year 0lds . "
* Manuel M| 7.9 2;2.2 |30 wde.|steter, | 10 | u: Guanajuat
) _ h ' v " 4]l yaar t .
_ : .} younger -
. . ' | & Mexico City
, . . , .
Yernsado | M | 1;7.3 2;1.20 |15 wds.|sister, 8 M: Colima
. “ |2 yesxs | v }
: - - . ' o.l.lln'r S
. : . z, k F: Mexico Cicy
4 - -
: . Beto . I M |1:9.24 2;4.8 Powds.| — > | 32 | u: wichoscan
- . N LR ¥: ‘MHichoackn:
] ¢ N
B. 4-Year Olds o v GIEN
T i Joed . M 3;6;22. S " |bro. 136 ‘—/63 M: Michoacén
bro. 2:;6
_ : . sis. 9;0{" ¢ -
, s bro. 11;0 ¥: Michoacdn
: { : bro. 12;0
‘ . ~ brq. 14;0 Y
. Y . ]
Marfa r |3;00.21 - ste. 8500 1 | u: mu«.fﬁ&{:y
: . sis. 10;0 T
' F: Mexico City
L] Q - .
. " Cecilia P {3;10.5 3;10.16} bro. 1;0] 2 M: Michoacén
v . - - sie. 2;0
: * |bro. 6:0
bro. 9;0 F: Michoacin
A \ . ¢ ) » . N
‘Beatrix 1P [4;0.10 " #;0.13 fbro. 2;0| 9! |“m:. Michoactn
, ' 3 ) - 1. X . Q k Ty ‘ ) ‘
' ) F: Michoacén -
. ) .. - - .
cmtpolionn . b . /
A . - (: ) .
_ iy ,lot’!! \ -M e .Hqthr‘ ? = Father ' (f- )
. Lo -4 . mhgt,nthl.,l ® moderate; 2 = -ufttln EX none. .. .
o - Joaa"s. f.-ny had, Just returned from 5 montha/in Hexico.
) ) 4—lut.rix s fangdly hnd*ﬁb.t returned from 3 -ont!u 1n Mexico.

-




however, that in our subject population the influence of English on the children's

. Spanish is minimal and that the children's data are representative of the data

that could be collected from children of comparable ages in Mexico.

b ]

’ ‘i’able 1 gives pertinent data on the seven subjects who, will here be -
identified as Manuel, Fernando, Beto (the-two-year- o}ds, Study }) and Jose,' Maria, -
Cecilia and Beatriz (the four-year-olds, Study. 2). Audiometric screening of the \
children in Study 1 ‘was done by the staff of the Audiology Clinigc, Stanford ,
Medical School; all' children were assessed as having normal hearing. For the

v foGr-year-olds, normal language déJelopment was taken to be sufficient evidence of
normal hearing, and thqse children were not given audiometric .screening exams.,

. Data collection The children in Study 1 were seen approximately &ery '

‘two weeks, for a seven- mont-t\ period. (plus weekly for a short period at Ehe

beginning of the study). The'Study 2 children were seen once or twice. Tabl '
gives the age and the number of correct' stop-initial words produced by each -

child by session ‘Correct’ means that the child's production began with & stop )

of the samé place of articulati‘on as the 1nitia1 stop ‘in the adult word . '

Each session was cond&;ed in a high quality sound-isolated room (with .,J ;

associated control room) at the Stanford Speech Research Laboratory. Recording

swas done on a Revox A77 tape recorder with a Sorfy Electret microphone attached to

zfoi"t cloth vest which the child wore. A sessions were condunted by a native

sfeaker of Mex ican- -Spanish. There wlre three experimenters The firfst served™for
two months at the beginning of Study 1 and was a fluent English-Spanish bilingual
»k whose first language was Mexican- Spanish. Tha other two were-monolingual ﬂ%xican-
' .Spanish speakers. Quring the session, thg observer, Who sat in ‘the_contro) ‘room, .
ran the tape 'dryorder. took notes and kept a tal"ly of the -number of stop initial
b

words produced by the child for all sixitop consonants. ¢

. Co Sgssions were bet\ken twenty and thirty minutes lorig. The goal for éach
i seksi - was to obtain. at lgast fifiteen tokens for each stop consonant. The
' ' obser;/;r would indicate towards the end of the session that a certain yof "
word beginning with particular stgps were needed. The experimenterﬁﬁ-ld then
focus on words beginning with those stops. This number was estimated \to be the
1/ maximum number of tokens which we.could reasonably expect to obtain/from .the .
youngest ¢children (aged 1;7) and the minimum number of tokens reQuired for
statistical analysis. Howevgr+#it was difficult to obtain ninety térget, items.
(fifteen tokens per stop) from all of the children in Study 1. SAnce the children
in Study 1 used few d- and g-initial words (at 1&gt at the beginning of the:
study), we introduced a few such words which were the learned at some point by
the children. :In general, the majority of words produged by the children in Study

T s % 1'were two syllable CVCV words with initial stress. y .
¥ _"" . . Stimulus materials 'inc'luded a specially constructed stimuius book (with
approximateiy equal numbers' of word- ‘initi)n stops represented). sqveral chrildrent's

._.f::_."* '_'pic’ture books, a small wooden puzzle .and Wany small toys. Word 11s¥s were:
.. cobtained from the.parents of. childrgn in Study 1 at the . beginning of the study;
¢ .~ objects for or pictures of stop inith’l words that each child kneW ‘wera ' then added -

‘-'e,' Y to the ,,stimulus materials. . Dur the sessi *thp children played wi’h the toys,
\\.. 'lookedwa piotures, and wer ncagneged to s eak. . ; : ,’3

\é 14
“'.' LAY ‘yvly, .
fVOI analysis. Z‘l ta.ne% i weYe transcribed by a researcher ‘using a,,Revox
Y, A77 take recorden and Supd St- m"b *B~V head, phones. The tape. script included: all
. e § * ..).‘ ':_ p ' .
u . ‘;;'- R .
i - k)\ I3 v s = h ‘ ’
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TABLR 2: - Age nmi nusber of tokens® for each subject by session. - )

A. Tvo-Year Olds . N *
* Manuel . o ’ 'l.'té.' . \
Session Age Tokens| Age Tokens | Age Tokens .
2" | o6 8 ;0002 2 [1;09.24 6
2 1;07.25 ¢ 17 [1;07.17 © 4 {1;10.00 12
A 3 [mors0 2 fhisoses .2 1;16.;22'% 1 '
; 4 1;08.6 37 [1;09.07 .12 [2;00.07° 7 20
.5 110025 30 |1;09.12 7 {2;00.21 25
3 1;10.08 41 [1;00.19° . 29. | 2501007 ' 23 '
7 |110.26 51 |1;10002 7 l2;01.21 85 Y
s 1;11.08° 108 |1;10.19 .14 2;02.007 27
, 9 1311.22 85 [1510.26 - t6 2027 37
10 20011 139 li;1.05 28 |2;03.00 oy v
11 ° 12;00.25° 83 -R;a1.23; - - 52 -}03.m1 28 |
12 2;01.05 95 |[2;00.06 .50 }2;03.18« 40
13 [201.02° 104 [2;00.230 0 ss’ |2;08.02 - 43
{ 14 2;01.26 145  [2;01.04 17 |2;04.08 49 CoL
| 1 | 202wz 176 [2;01.20 . 108 . *
e ,
4
‘8. Your-Year Olds e . ) ] i ' i .Y 2
José - Marfa Cecilia" Beatriz 4
Session Age Tokens | Age _Tokens |-"Age Tokens’ | Age Tokens
1 3;0_6.’22 156 [3;10.21 180 | 3;10.05 105 | 4;00.10 103
S R 3;10.167 9/ | 4;00.13 178
Iﬁokﬁu = Words Gh&h”b;gah-lwith an initisl ungle.t‘;ﬁ':)top; in the adult . Con . ‘)"
. model and which were produced by the child with a stop a® the ' :
. same pfgce of articulations - . ~;@{ S ; )‘
e T S




woirds'that the child said. 'Taruet words were those that hegan with an inii‘.ia'i
 singleton stop in the adu 1t modal and for which the.child produced a stop of the
correct place pf articui’atipn. ‘a§ Judged by the transcriber (see Table 2). For e
‘the terget words, the initial phone was transcritged narrowi; and the rest of the « &~
. utterance somewhat more broadly. . The transcliiﬁlioii' system used is i'.hai; of the )
Internationa} Phonetic Asso&iation with a supplemental’ symbolooy and diat‘.riti\ :
v system devised by the Stanford Child Phonetics Workshop (Bush et a1. 1973) IR
Preceding context and the gloss vere noted for @&l productions . o . '

‘ ‘Of the biweekly recorded sessions in Study 1, approximate]y four anchor ,
x = point seissions from each subject were selacted for instrumental analysis ' The,
' purpose behind- Selecting anchor -points was 1o sample throughout the data. Thus, “«
++. these anchor poihts were at approximatoly two. month intervals, beginning with the

first sessions and ending.with the  last ones/ Since in the earliest sessions,’

none. of the children produced the requisite fifteen tokens of each stop consonant, '

the first thrfee or four sessions were Ctombined into one ‘anchor. point if “the -

sessions had been conducted at close timé intgrvals. When sessions were combined’.-.' .
“. equal proportions of stops were taken from @gach session. The data from’ .Study 2 -
children were pooled if a child had been seen7twice ‘ . \“

' wade band (and in: some cages,, narrgn-band spectrograms bre mage ot the:
" first f'i?teengtokens of each stap type on a kay Sonograph (model 7 29 ADC, with af n
added custom: shaping circuit . (HSZ 12 d high % fraquency pre-emphasis)) «To . ',

. achieve better temporal resolution, utterances were recorded on the Kay in-the '

., 160- 16K mode (which resulted in a time base of 41 ms. per centimeter and-a scanning'

" filter width: ‘of 600 Hz) and were reproduced with scale-magnifier set at 0 to 50%:,
Measurements of VOT wenre made ai‘. ‘the -samé timé on a Tektronix Osciiloscope with .
storage capability (Typo 564), which wads used 1in conjunction with % lbcally' \
designed and constructed triggering system .In all cases where possiblﬁe the time
scale used was 2 ms or 5 ms per centimeter Directly following the ostilloscope
measurement, VOT was measured on the spectrogram(s). When the oscilfoscope and
spectrogram measurements differedpby: more than 3°ms, the problem was identified .

-and then resolved by further: instrumental analysis. - In neneral if the difference ‘. ‘
-between the two measurements was equal ‘to or less than 3 ms, they were averaged to -
give a final VOT value. However, for VOT vajues greajer than -50 or +50 ms (1.e.

. cases in which the time scale had to be set at 10, 20°Pr 50 ms per division), finﬁ
time resolution was mbre difficuf{ on ‘the.oscd1loscopg (due to greater gampression
of ,the signal 1in each time division).. and preat eliance was pI d\on the
spectrogram "measurement. Tge ro,cedures for 1pSt{fulental anxaljsi‘s and VOT.Y.

_ measurement are described in detail 1in l;iunt_i.ngton et 41. 1978. - o

r

If an urtterance \presented a problem that the researcher couid not sqlve.
1aVl spactrograms for the item were presented at weekly group meetings where
Pro,jecg staff (four to six personsJ discussed and reskoed the problem.‘-In the
~few casés where the. si’.aff could no_t reach un/nimous ‘agreemént, the utterance was
“not” ‘includdd;.in the statistical analysis. The eriteria for rejection ofian - .,
‘utterance f'rom VOT measurement were: ‘'noisy' (e.g.,’ c'iaqg'lng toys during the _
, child (3 progyction), 'voice overlay' {where an adult's vbice ‘was superimposed over "'

N o .ﬁ"r.hte child's an .each coyld not relidbly be sep ra;ed by nartow-band analysii) 'no a4

& . burst'!i;' "o 11 ing voiceless vowd“T‘,. and co‘nt‘i‘nugu& voicing' (where yoicing ‘g
e . conii,iii‘ued uninter pted from ’u\d child's' previously voiced - pfdﬁmbnt) '
LR Apprdximately 10% of the total sat- of utterances from all children were rejected. ,

/ ‘_»'.-‘_ v - y . . .
. : B ) ., . : _' . ) . ) . ”
‘ . 1 - .
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. Tﬁreeoresearch assistants - carried out the transcription and 1nstrumenta1

. ‘analysis. At approximately-two month intervals, re]iabﬂity checks™ were made.
( _For thesa cheeks, Six items were selected (usually the first token of each stop
ot consonant ,on a .tape). Each tosearch assistant -transcribed, instfumental
e anarlyzed -and - measured each item. Because the six items had been analyzed by a
' jndivi«dual researcht assistant several months previously, the comparison check
. 1nd1catedeboth inter- and intra-observer rqliability. In the rgliability che
,procadUre (as in the regular analysis procetiure), provision was made to allow an
G observer to label any utterance as a problem which should then be referred to the
-weekly group meetings. FiVe of the 35 reliability check items were identified [as
problems by all research assistants. . Excluding these five items, the thfee
‘rqsearch assistants. agreed to within 10 ms on 83% of “the—Atems checked. During
- the ‘weekly group meetings Project staff resolved the‘ problems for all the

oo / problem utterances.
/o . 8
i, ‘(\’ For ‘each child, ‘each anchor point (Study 1) or each session/compined
& " so6d oa} (-Study 2) was - analyzed separately. When definitive VOT values/ were
' obtafhed for fifteen tokens of each of the six stop consonants, separate fregquency
~ ldistribution yere drawm d the #*hean, standard deviation and range calcylated.

Tests of si 1f1cance were - made of the differgnces between the mean VOT /of the
R *v'o;ted ~and vdiceless phonemes at each place of artieulation. Throughopt, - the.
' ab111t es- given are ‘for one-tailed t-tests. Where F values are significant,
_ separate var‘iance estimates are .used; where theéy are not significant, pooted,
/—var‘iance “estimates are ‘usal. Since none  of the differences between the means for
I . a-pair were significant éh ar\y-of the afichor .points for children in Study 1, the
_ " N data’, from these-anchor point‘s were/combined, al! tahles in the text pres’ent ‘the
_ / pooled data only., :The ‘difference” betye€n the means for® each : pair, from the’ '
o - combined ' sedsions were compared (one €ailed t-tests), and a two-way analysis of
variance was carried oM. The decision Yo collapse data in Study 1 was motivated
by the assumption that if no significant/change occurred over the time period, the
data from that time_period represented a single stage ‘and thus were comparable.

1\ ngrantization analysis. From the transcription sheets for each
session, a count was made Pf the continuant and non- -continuant phones produced for
all word-initial vpiced and voiceless stop phonemes. Included among the
con@inuant. totaTs are sporadic cases of weakeninos to half segmént continuants and
deletions (see Ferguson 1978 on sp1rant12at10n and deletion in Spanish). For the
voiced stops, the distribution of phones was further Separated into the ‘obligatory
environments for the stop and spirant allophones. For Study 1, 'word- initial' was
in nearly all cases ‘utterance initial' also, since the children remained 1in the
one- -word’ stage throughout most of the study. The analysis of the few cases whire
the children produced initial voiced stop words in sentence medial position showed
, no significant differences in the distribution of continuant-noncontinuant phones;

mhus in the results, the word-initial voiced stop data from tTe two-year-olds are

o E po&sd across allsentente ppsitions _For Study 2, ‘word-initial’ 1nc1udes both

_utte ancé initial position and sentence medial position. Since our goa1 for each

session was to elicit a large gymber of words, the experimenters tendgd to aak the
ic‘pildren a lot of: the Spanish equfvalentsﬂgg'f wh- que;tions Ihu.s, our methodology.‘

'~b1'ased the Stugdy 2 corpus 1n!the directiloq of s‘lngle word ’ot}erances,, For this
' reason, much. of the 'data :*I'rom‘ evgn the 61der ‘M’ldren ‘Was' stop ph.onemes fn' '
uttera.nce 1n1t1a1 posttion also. ? Beoeuse the chﬂdren in Study 2, tended to use .
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TABLE 3. Mean VOT v.lm;' n\-b.t";)f tokens

range for each Stop, by subject.

Yernando

» standard deviation, and

S

Manuel Beto José Maxfa Cecilia Beatris
1;7.9 - 1;7.3 - | 1.9.24 -] 3;6.22 3;10.21 | 3;10.5 - |. 4;0:10 -
2;2.2 2;1.20| 2;4.8 3;10.16 | 430.13

+12.83 -3.54 +5.12 | -63.13 =5.07 -6.25 +5.07
42 48 26 ) 14 4 15
17.71 35.53 19.14 | s5.69 46.72 | 42.88 56.02
-40/+451 | -130/+51 | -65/+37 | -137/0 -163/422 | -70/+22 -| -125/+%8
+18.72 | +s.49 +16.37 | +23.73 | /+13.33 +16.20 | +28.47
N 67 30 15 18 . 15 BEL)
19.96 | 30.61 14.42 | 21.39 | 13.86 | 19.66 ‘éoiu
~13/+112| -110/+4170] 0/+50 | Of+72 | w8 "] 94| Le8An
. . |
. T R - :
pv .008|p= .002 . o
+20.61 | +16.15 - ] -6.50 +12.30 | +9.67 +35.43
23 26 0 12 . 3 7
20.65 19.98 \f . |'s6.42 19‘35 47.61 30.39 |
-5/486 ~54 /450 - ~120/+75. ¢] <=37/435 | -AS/+42 +3/+77-
- . L ]
+20.20 | +14.98 | +34.67 | +16.40 +10.07 +25.27 | 4 +31.67 .
7% 50 9 15 15 15 15 | -
11.88 16.54 60.40 | 18.44 4.08 20.08 | 24.40
+2/460. | ~44/+67 | +14/4191] -33/448 | +4/416 +/+83 | +12/+112

L

-

426,14 | 430¢25 | 416,00, | 420.73 ‘|.+10.73 | +30.80 ¥60.62,
©o14 ) a2 1 15 15 s 13
19.71 20.51 Ce= | 56.39 17,37 6.56, | 23.73 .
T 0/+67 | +10/474 | -+16.00 | -75/+109 | -268/436.]  +23/440 *+2.'q/+11’2 :
+26.40 +23.45 +35.51 | +23.67 +12.47 | 439,93 |- +52.87
43 3 . 60 15 . 18 15 AS
© 15,22 | 14.26. | - 26.75 17.“\ 12.89 | . 11.77 | ..22.85
1481 | 27466 | ae/e138| 0470 \ o 437439 | M1/4s2| 4157497
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andante speech style, we might expect a larger number of stop pho?\es produced for
the voiced phonemes in word-initial position than would be found in other types of
corpora. The analysis of word-initial - voiced ‘stop productions by sentence
.position showed significant -differences. Thus, we present the four-year-olds'’ (
" . data separately by envirenment. . ' T e

1 - . b

After the tabulation was completed, percentages were calculated of the
occurrence of [+continuant] (both spirants and glides) phones for each phoneme and
* for each child.' Where the occurrence of stops and continuants were compai'od. Chi-
square-tests were used, or--where tht\are were small amounts of data--Fisher's exact
tests. - , ’ ~

Rogults: the VOT analysis

. We dinitially hypathesized that two VOT criteria would be sufficient to
dekermine whether or not the children had acquired the phonological voicing
cohtrast. First, even if child VOT values varied a great deal or cluitered in a
pgrticular, restricted arpa of the"™VOT continuum, the difference between mean voT
values of a voiced-voiceless pair could sbi11 show significance, if“the children
we in fact attempting to distinguish between the members of a pair. Second, if
“€he .H‘ﬂUron "s‘*means 'aqd~-ranges msomblpdr-t_he'usk'er and Abramson _'ad_ult‘_,qa}a", ,t_peq L
quite ' & children could be said to ‘have acquired the voicing contrast.
_ Table 3 contains the mean VOT values, number of tokens, “standard -deviatibns and
 range of production for all' stops and all Children. ; :

24 In Table .3 we find that five of .the Seven -children produce no
¥significant differences between the mearis for. ahy voiced and voiceless stop pair

at any place of articulation and .the remaining two children--Beto and Jose--
produce a significant difference only between /b/ and /p/. -i{f we compare the
ghildren's means and, ranges~ to those reported for adult (Puerto Rican) Spanish

" ‘spaakers by Lisker and Abcamson, we .further find ‘that only Jose's /b/ and /p/
productions -are somewhat' adult-1ike. In both sentence and isolation contexts,
Lisker and Abrams‘on"‘s véiqeless-stop data ‘are similar, while the voiced stops - -
'.cons'istently_shbw shorter lead ‘va_luos 4n the sentefice as opposed to the isolation

. context. Simply to minimize the d{fference betwaeen the adult and our child data

" . (and thergby to emphasize the nature of the discrepancy between the two corpéra),

we will compare the thildren's data-to the Lisker and Abramson adult sentence data
(rather than to their isolation data): /p/ mean +4 ms, range 0 to.+15 ms; /t/ '
mean’+7 ms, range 0 to +15 ms; /k/ mean +25 ms,.range +15 to +55 ms; /b/ mean =110 -
ms, range -175 to -35 ms; /d/ mean -109 ms, range -170 to -55-ms; /g/ mean -92 ms,
range -145 to -50 ms. ) -

Rg_t;qrniné to Table 3, we cdn see that the children's means:for /p/ and
/4¥ ane topé;‘f‘g;vqnt,ly longer than adult /p/ and /t/ means, while the children's /k/

‘means . generally.cluster around the agult /k/ mean VOT value. In the data from
gwrnando, Maria and Cecilia, the mean for /b/-falls;in the short lag tegidn:(less
Zhan -10 ms). Only Jose's mean for /b/ (-63.13 ms§ “approaches the adult mean of '
ms.» None of the childfen's maan VOT values for /d/ and /g/ resemble aduli .
S¥mean VOT values: allchild means with the exception of Jose's mean ‘for (d/ fal '

‘ ,: i " the short moderately long lag region. Similarly, the ranges of tokens for e
tg\e voiced d vqiceless phonemes are not distinct; the only oxcep;ion ?s the &#@:
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almgst -non-overlapping rangds of Jose's /b/ ‘and /bf‘ tokons. but “even here thé o

rﬂes are not adult=like. To see more clearly the similarity bgtween the ‘a: >
" children's. productions for the voiced and voiceless phonemes, we nedd, the . VO‘; !

‘values of indiVidual tokens.. Figures ‘l ard 2 below pﬂ)t the range ofel v1doE g"
tokens of each stop consonant for Study 1 an&Study 2 children, respeqtively. : \.-

On'Figurqs 1 and 2, we can $ee that a.l,t'hohgh adult tokeqs for ”/p/ and .,‘,"\
/t/ fall within the range of 0 to +15 ms,  the children's tokens for beth the - )
voiced and voiceless labial and dental phonerhos fall within the 0 to +40 ms ranges .«
Tjn’o adult tokens for /k/ fall in.the 0 to +55 ms range; the children®s ‘tokehs for fa,,_ .
both /g/ and /k/ fall almost completely in the adylt /k/ range. Mhile there ‘are ¢ L

few tokens in the long lag region +60 to +100 s, there are equally few tokens . in -

.Jthe lead range -125 to -75 ms, With the exception of Jose, the children simp1§< do oL .
not produce adult voiced stops consistently with. voicing lead. Moreover, th . P
p*oduce both ths)voiced and voiceless phonomes in a manner more nearly resembli “
the adult voicaless stap-phonemes. HoWover 'thene is a trend which may indicate ? R
that the children are making some - form of&a‘ contrast at tﬁe labtal placm of b

articulation: for all seven children, ‘the mean for- /p/ is longer thln thd mean
for./b/ (Table 3) and the ranges are somewhat dif(ernnt gF‘lguros 1 and @ “rhore
is no ewidence fof any similar trend in- the denta] ‘anc velar .dath.

,."l'aq-r'rl,'u\-

* Because of this apparent “tFend, Weo' Id't)kod‘f’or' othbr‘ w'ldenco n “ghe VOT « - =~ som o
Qata ¢ Two charatteristics of the chf]drgn véproductions pr‘bved to show ,
significance in some cases: the proportion of lead takens and the 1nc1donce of '
coptinuous vqQicing. If we 1ipclude-. ‘proportion of’ lead' among' our - critgria for
acquistion, then both Manuel and Fernando can also be. credited with acquisition of
the voicing contrast at' the labial place of arti ulation.' note, how‘aver.‘thevs
- frequency with which Fecnando produced, /p/ -with voi®ing Tea gure 1}. Although
the incidence of -lead-is not significant, Meria and: Beatriz..als prodqce Lonly . /b7 . o~ ..
(and not /p/) with voicing tead,.and simﬂarlyf’{ﬁr lol . ,jk/) in Jose's and ' ;
Maria's data (Figuro 2). 'Cont inuous voicino‘@fprs to thoso cases where voicing .
conptinued uninterrupted from a previous voiced seqment through the tpitial stgp

phone of the following word. As noted before, such sentence embedded words were

not common in the Study-l data .and lgss common than hight bejexpoctod in the Study

2 data. On the basis of this criterion--significantly more voiced (than
v61celess) initial stops exhibiting continuous voicing--, Cecilia ca\‘Bo said %o

A

have a contrast at all three places of articulation and Jose a contrast at the . Y “
. labial and dental places. None of Maria's tokens were characterized by continuous.
voicing, and Beatriz produced no d- or 'u-initial words with continuous vaioding t e .
x n 4]

In summary, we find evidence 1in the VOT data that suggest that all the
childdyp except Maria @nd Beatriz had a contrast between /Rl and /p/ and that
Cecilial @nd Jose had ;/ﬁdimentary contrast at three and two Pplaces respectively.

" Neverthdless. the chiffdren's data do not ‘resemble the -adult VOT/voicing &ystem:
ven the four-year-o}ds--were producing adult voiced

none- of }.the ch ldren—-not

stops with lead veicing 4n’contradistinctign to short lag productions for adult
voiceless phonemes. We then .turned to the spirantization component of the Spanish ‘ /
voicing ontrast and to the phonetic feature [continuant]. ‘ : .
Lo ) ¢
' ) <
%.f\' ’ - , ' " '. - »
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w Results. "the spiranbization'\ﬂqusis . o , ) ’ : " "

- ™ this table, the number and percent of voicéd and voiceless stop phanemes producad!
as continubnts are given for eaoh child.” -Included emono the totals f
.continuants are ,sporadic ‘cases of' weakenings to‘ half segment continuants '\and .
deletions.+ Frequencies for all word-initial , voiced stops (irrespective of’
.t . position) are given for the two-year-qlds in this table, orile frequencies for -~
A . only utterance-initial, word-initial .stop phonemes are oiven for the four-year-
v olds. o

Table q presents the first results of the spirentigation analysis \?{.)

T — 7 .
For our purposes, the first quostion t be asked of tt\e spirantization
analysis 1% using the continuant- nogcontinunm:‘ criterion. how many clfldren can
be credited with having acquired the/%icing contrast and at what ces of -,
articulation? Critical evidence would be stntisticelly .significant ddffer ces in .~
the . number of continuant phon;{ produced Aor tie voiced a$ opposed toe the
voiceless phonemes at each place of articulation. Among the two~year-olds, bothd °
Manuel and Fernando- produce continuant phones more often for /bdg/ than for /ptk/
(%p<.05). Beto's data also show somewhat different patterns for voiced as opposed
to voiceless phon howe(er the number of /d/ and /g/ tokens is too small.to
~» Be conclusive. 0'Eng-i-d}uce for a  voicing contrast at all. three places of’,--‘ '
articulation can also be found in the data from Jose and Beatriz among the four- '
‘. year-olds. The differences betwgen ./b:p/ and /d:t/ are significant in Cecilia's .
data. Maria's: labial and velar data show that both /b/ and /g/ are produced as . o
continuants more often than are /p/ and /k/, although a larger number of tokens
would be hecéssary to verify this trend for /b:p/, and the difference for,Jb:pl is
- not sign];’icant Two other trends are that labial stops are most 11kely to e
spirantized and dental stops are lteast suscepttble to spirantization (Table q4).
This 1s in oeneral true for both voiced and voiceless stop phonemes.

- . !n general, the voiceless stops are produced as continuants only 1.6% of

) the time by the two-year- -0lds and only 0.8% of the time by the four-year- -olds. We
might. consider -then that a figure of 1 to 2% reflects the margin of error that
could be expected with children, or speakers who do not have perfect articulatory
control. 1In contrast the children produce 45.7% (two-year-olds) and 31.4% (four-
year-olds) of /bdg/ tokens a$ continuants. The 45.7% figure is surprisingly high
¥ in that the two-year-olds produced /fsx/ as nopcontinuants throughout neacly -a11

- of the study:’ and it is generally accepted that stops are. acquired _early by
" " children (See Jakobson 1941/1968). The figure 31.4% is particularly unexpected,
since the four-year-olds. used primarily andante speach (n.b. except Beatriz) and
presumably were o01d enough to have. already learned the allophonic rule. During
the course of the spirantization analysis, it became clear that the four-year-olds
but not the younger children had in fact acquired the allophonic rule, although

. their productions did not completely correspond to the expected adult pattern. To
discuss th{ys, other age-related phenomena and..some 1individual differences, we

- present the rest of the spirantization results separately by age groups.

The two-year-olds. . TableJ below ¢ives the results of the
spirantization analysis by child and by time period. Two types of changes
occurred in the chﬂdren,_s data: first, changes in the frequency with which a

A‘_b‘
in“ ’
3. Only Manuel produced continuants for \the voi%p‘iess fricative phonemes and
» this only toward the end of the study , ", ; : I é
gt b
g"““ . {" i
14 S 8
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. TABLE 4. Spirantisation of Initial /b d g/t Number and percent of voiced sad = < /
voicaless stops produced as continuants by child. . ’ '
- . ’ ) <.’ . '., l‘,
' . - l 2 : - b
Voiceleas Stops . ",Volced Stops . - _
Y Y Y, 4] “Ls) Lo
A. Two-year Olds
. d , ] .
Wanvel 37 061|337 0.5% |5 5 a8 mearfl v |
o+ Temndo |4 62| 3 2iex |52 5153 meazlil mss|
r ) ’ . - N - . : . ’ L ' ) ’ h ) .‘1
- Bato 5 202 5 o.ox|l 33 eex| 3 aiamll s v
B. Four-Year Olds | '
Jdosd |5 &4 eo0x|5y ooxld o T w61y 2.0
. N )
i . .
Narfs -‘% 0.02| 43 0.02 |49 13.3 % v.01)-2 m.sz{
‘ . v ' o R N
Gocllla ""1& . 3mlg ooy *se.32| § #s0.0zf & 0.0z
Beatris 3_0‘ 0.0% ]g 0.0% 3% %46.93 Ig 63.32I£- *25.0%
: ' S |
- P ) F
v 1-The figures !’t voéclu; stops are given for all word-initiasl
_ poeition tokens. The tabulation for voiced stops is based on .
—~ . word-initial position(both sentence wedial and ytterance initial)
for the two-year olds, but only on uttarance inifial position for .
.the four-year old data. v -
2- * Dby percentage indicates a significant difference between the
wumber of continuant phones produced for the voiced as opposed ¢t
the voiccl:n phonemes (ps.03). '
’ I | ) '), . . . .
“ . -
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. particular-word-initial voiced stop phoneme Was produced; and second, changes ‘¥n
.the frequency with which a particular voiced phoneme was produced as a continuant.
Such changes 1in each child's data are .ugéd here to mark ‘the beginming pf new
'stdges’ in each Thild's particuldr development. In order to present phd A£ompare
the data from all three children 1in one table, .time per ds (father than
individual session numbers) are used in Table,5. In all but one case, the eight
time periods 1in .Table 5 accurately describe the child's :Bes on the' sessions
1isted under the particular .time pariod. The, exception is« Beto's 'dpta frqm
sessiohs 4 through 6 that are listed under time period V: Beto was'actuafly 2:;0.7
to 2;1.7, not 2;0.6 to 2;1.0. ' The ‘important.points are that stages in each'
child's particular developient were identified indtvidually and by sessions and
that the time periods . given in the table ‘were selected to correlate with the
points of change for each of the three children: age is assumed not to, be a
critical variable. : o .. . o

3 To summarize, a11 three children acquired a phonemic voicing cohtrast .

.and Beto by 2;0.7. For Ferndndo and possibly also for anuel; the next stage is’
one in which the velar voiced-voiceless contrast is ac uired: -Fernando by 2;0.6,
and Manuel by 2;1.5 (but maybe as early jps 1;11.22). Finally the dental voiced-
vpicelo,ss contrast is acquired: by 2;¥.5 for Manuel (but perhaps as early as
2:;0.11), and by 2;1.4 for Fernando (but perhaps as early as 2;0.6). Manuel may-
have acquired the dental and velar contrasts at the same time. Beto was -possibly

first at the labial place of articulation: Manuel by~4;j{16. Fernando by 1;10.26,

in the process of acqut.ino a.ﬂentgl anq velar voicing contrast at the end.of the .

.study when he was 2:4.8.% The evidence for these phonemic contrasts is based on
significantly different patgerns of substitutions for‘adult voiced as opposed to
voiceless stop phonemes. The children's voicing contrast is not adult-like: the
children produce the adult voiced stop phonemes with primarily short lag voicing;
thus, the stop phones the children produced for word-initial /bdg/ are -very
similar to adult /ptk/ in terms of voice onset time characteristics. (Recall that ’
only the means for Beto's /b/ and /p/ show a sigqi icant difference.) Finally,
there is a-par@le) between the order in which the ghildren acquired the voicing
contrast and the asymmetry in the dis1r1bution of sjop phonemes in the children'’s

. corpora: the children -acquire the volicing contrasf first at”the Jabial place of
articulation, and the frequency of /b/ is subStantially greater than that for /d/
and /g/ during both. the stages preceding the first voicing contrast (/b:p/) and
also during subsequent stages up to the stage in which the dental and-velar
voicing contrasts are adquired. In fact, the children generally do nqt produce
any /d/ and /g/ initial words fof several months after /b/ initial words are used
and also after the voicing contrast between )b:p/ is-aequired. (Table 5.)

PR

four-year- . . Table 6 presents the ~frequency with which™

" .continuants (and the sporadic cases of weakening to half segment continyants and .

" deletions) were produced for word initial /bdg/ in obligatory environments for
continuant and noncontinuant allophones by the four-year-olds. The first three

. columns give the' number and percent of continuant phonas produced 1in the -
- obligatory noncontinuant environments. If we assume the children's production to

accgrd with that which is expected from adult;.'jfen we would expect zero percent

4. On the basis of a: spirantization analysis. a Spanish-speaking qpild--J-- in &
previous Prioject study acquired the voicing contrast in an idential set of stages
at the fbllowing ages: /bip/ 1;11; /9:k/ 2;0; and /d:t/ at 2;] (Macken 1978).

’
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. TABLE 5t Two-yea) olds. Spiuntiution of wqrd-mum /b a'g/:  Womber T
S petcenit of votc.d stops proqncod as cpntimuu. by child and by '
period. A,
', ). ‘ N N
¢ I 111 S ¢\ Vot ow Vi1 12844
. 1;7 19 | Lwk o |03 2;1 2;2'% 2:3%
1;8.16 1;10.22| 1;11.8 [1;11.23 | 2;1.0- 2;2.7. 2;3.11 2:4.8.
~ . ' _! . ° .
T s . 10 ;10120 it 1o |49 '
b |5 66.7X*|T 7S.0xj50 8e.3%|5T 66.72l5T 4»6.1:-1-65 4s.ex|
- ,}. - y-
410 19 (] 9 £|-L 11l
3 oox|d ooxld oml3 oozl safjil 2.4
. . ',- i o
Yernando : - - . ¥
b| O 2 | O 3 9. ¢ 26 21 -
5. 002 | g .0.0Xf7% 31.3%|72 50.0%[7C 39.‘11 sg J7-5%).
¢l - - |2 0 0 .ol 1 ‘
) 75 10.01( 3 0.zl 3 o.0x|d }1.}f 75 20.10]
.8l - = e S AN v IR ) 4
3 .oz Y o._pzl//ﬁ.oz & u.af
Ay 5. 3 ‘ .
v L4 - ’
Beto i . / ?
b - - s sl ¢ S 12
5—; 23.8%| 3 50.08 '3y 45.5%{35 32.42
-d - - S 9 of 17 o0 o
. J‘ - 1 , o.ox 1 so-ox
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*  Indicutes firet time period during which child contrasts the woiced and . -
., voiceless adult. phonemes at a particular place of ,nr'ucuhubl} (ps.03) .

r Indic.t“ a pzpiblo contrast.

= HMeanae that no tokens ‘of a particular voicl.ng type nrc produccd by
the child during the tims period indicated.
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\1n\'f'each of the first gthrag columns for -each child. In the right-most ‘three
columns "are gfivep the fumber and percent of - continuant . phones -produced - in. the
. obligatory envirpnments for continuants; hers' we woild expect: 100X entered for -
each child, grovided the children are producfing the voiced stop phonemes 1in ‘the

pr?s‘ume_? adult-11ke manners« . T o

Ll oFr m'" Table 6, we cah- see first thh.t."as: Yable 4. has already

demonstrated, the children do not regularly. produce noncontinuant phones for /bdg/
"in all tbe |obligatory environments for "the [bdg] allophones.. Since Tableé 4
presented data for utterance 4imftial_ position only. and if wé compare the -
percentages for each stop phoneme on_T;373\Q‘;nd Table 6, we can_also determide
that the \children produce continuants for /bdg¥ approximately equally in all stop
allophdne\enyironments; this means that the children prodice continuants for /bdg/
both in utterance initfal position and in worg-initial position. following & nasal
consonant and for /d/ after /1/. 1In addition, however, Maria and Bedtriz also
produce non ontinuant phones for /bdg/ in obligatory [B3Y] environments more than
would be expected, given the presumed adult input; Jose and Cecilia also produce.
3-'§omo noncontfnuant phones. for /g/ (and /d/ by-Cecilia) in the adult {(7v] (and [3]}
- environment(s). Thus, none of the children follow the adult allgphonic rule
completely. . -

: In spité of.the fact that the children's data are.not completely aduTt-
like, the data show that most of the children do prdduce /bg/ differently in the
adult [bg] versusy [BY] environments. The data for /b/ and /g/ in Maria's data
* approach significavice (p=.09 -and .055 respectively), as do Beatriz' /g/ .data
(p<.1)." For none of the-.children are there enough tokens of JdA 1in obligatory
[+cont] environments to indicate a pattern. We assume then that the differential
treatmqpt of ~at least /bg/ by ﬁnviFonment=1s'ev1dence that the .children have
acquired the allophonic .rule, .althouoh 1t 1s not mastered at the: performance
leavel. It 1$: however, possible that their productions are similar to adult °
. .productions, - in which case conventional descriptions of the allophonic rule in
adult Spanish are-stated incorrectly to the extent that the descriptions dishlTow
spirants in utterance initia) position (and other ‘obligatory' stop environments)
{and, perhaps, stops in. 'obligatory* spirant anvironments, as well). We return to
this issue in the discussion section. ‘ a

Table 6 also shows that the‘ labtal place of articulation is most
conducive to spirantization: the frequency with which /b/ 1s produced as a
continuant is consistertly higher than that found for /d/ and nearly always higher .
than that found for /g/, regardless of the environment. Conversely, /d/ is most
) resistant to spirantization in all environments. It should-also be noted that one
" .of the four children--Maria--overwhelmingly produgds - stop phopes: she does SpP
more consistently “than do the other children in the (correct)’ obligatory
- environments for [bdg]; and she does so more often than the other children in the
(incorrect) obligatory environments for [B3Y]. Jose and Cecila produce more
continuants .in the obligatory ([bdg] environments  than: noncontingants in the
obligatory [B37Y] environments. Beatriz regularly produces nhe-'tzgt:roct' phone
approximately 229-48% of the time (assuming that the one stop tok n of /d/ - in a
continuant environment is jnsufficient evidencé of ahy trend).
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TABLE 6, - A~Year Olds: Spirantizatidn of vord-inttm Ib d s/ 1n obnjcul’:ory
envirooments for [~ continusnt] and [+ continuant] allophones.
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B ST

Nord-Iateisl /b 4 g/ Productidus
. Child ptoductiom of [+ cont] in |- Child productions of [+ cont] ia 3 *
. o 1igatory cnvitomontl for (- cont] obligatory ouviromu for [+ mt)(
b (e | (8 W o) @ | ow | W
- [ 4 11 ) S . , ]
Josd w3672 | 53 12.5% — [ § ses.2
~ 2 0 6
Marfa ix 13.32 | 5 0.0% 0.0x|§y 40.0%
N »
&c“n“ -' -57— 1.8 %— 25.0% 75 oz.i% #80.0% .
Bestris 12 awex| 32 ar.6z 0.01|75 66.78
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Y . -
. ' A . . . *
) o - dgl (- cont] / u_} /b d gl "+ [+ coot] eleewhers.
. . v | h B
: uwi) -
L - . - " N . ") .
- (2)- » next to a porcen;qo indicates s eignificant difference betwaen the ‘
* oumber of continuant phones produced in the obligatory [+cont] environment
as opposed to the obligatory [-cont] environment (p .03).. - ) : \
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Results: summary from both analyses - ' o .

‘ Table 7 presents the evidence for the children's acquisition of phonemic®
contrasts betwésn voiced and vgiceless cognats. pairs, as determined by the VOT and
N spirantization analyses. On this table; major, ‘and minor types:. of evidence are
' contrasted by means of upper versus lower case letters. For the ‘VOI analysis, two . * -
criterid were used initially: (1) child productions in close approximation to VOT
chacacteristics reported by Lisker and Abramsan 1964 for adult Spanish spgakers . .

N (vt.,':Table 7); and/or (2) significant .differences. between the means for a voiced-
. ;voiceless pair (V'',” Table 7). Both of these characteristics were ~ taken to .
provide strong evidence for a phonemic contrast in "the child's -system. BT

Secondarily, -two other criteria were used for he VOT data: (1) -a significant
number of vpiced .phonemes produced with lead vo¥eing as tompared to the number of . .
voiceless phonemes produced with.lead (vl, Table 7); and (2) a significant number .

of veiced as opposed ‘to voiceless phonémes characterized by continuous voicing

(v2, Table 7). In the absence of V' or V'' evidence, both lead and continuous
~-voicing, (vl dnd v2) were taken to provide weaker evidence for a phonemic contrast -

' in the child's system.” For the spirantization analysis, evidence for ~a child

-~ . contrast was assumed to be provided by a significant number of yoiced as- opposed

. to voiceless phonemes produced as continuants (wharo_-‘_{,cgﬂinuant' co ex@s to a

- category of weakening from [-stop] through to zero) 1in the adult ob¥igatory-
environments for nohcontinuants (S, Table 7). -, ° - ' ‘

' ‘ . Table 7 ,showsmt the spirant_izati_o'n analysis proved most ‘wau]'in
determining the children's acquisition of the ‘voicing contrast. - On th? bgsis of
, the strong VOT criteriaryonly\two children could bp- said” to _ha“vo cquired a -
[ .. . voicing contrast and at only one place of articulation. In ccqntrast, “op the basis
of the. spirantization criterion, we can conclude that four children had a voicihg .-
‘contrast at all three places of articylation, the fifth child at two places and. "
the sixth and seventh children at one place. The only point at which the
- spirantization analysis did not prove as or more revealing than the VOT analysis .
was Cecilia's /g:k/. Finally, neither the VOT or the spirantization criteria show
" evidence for a /b:p/ or /d:t/ contrast in Maria's data, and the evidence for a
velar contrast is weak in Cecilia's-datd. In general, considerably more evidence
for a contrast is found for a)l the children's produgtions. of /b/. and /p/. The
longitudinal data sh9w that the voicing conprjas.t"is first acquired -at the labial
place of articulation and that . this contrast precedes. by several months any
+.contrast at ‘the other two places of articulation. .In addition, we found that /d/
- and /g/ occur- significantly less often in the corpora Trom both the two- and four-
year-61ds. Table 8 below gives a total for the number of tokens produced by each
group of childred for each adult phoneme. ,. - )

R . : : . N -
-, © *'A striking feature of the data provided .19 Table 8 is the high degree of

- simﬂarity’ in the distribut)ons.' .of _word initial phonemes™ in both groups of

. subjects. Differences ip the distribution of stops:-appear 'in the data in spite of

“e " our elicitation goa)s to_obtain equsl, proportions of all stops types. That there

ate these differences for both age groups suggests that this asymm'etry‘ in stop

distribution 18 a property of Spanish, rather than merely a function of some

S aspect of young children's speéch; the latter interpretation would be most
mus_odablo if the asymmetry only occurred in the . twosyear-old data. These

" frequency figures also demonstrate the specia) status of the labial contrast.
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TABLE 7. BEvidence for the ciildrén)s. acquioition of phomdc contraets betwesn
voiced and voiceless e pairs, aq dotqmnod by the VOT and
Spirentizgtion mly-u. / . L :
Faadi l ) a 8 l
. Vi
/v 2 pl IRaie/ § I
VOT |Spirantisation] .voT |Spirantizationf vor |spirsdtisation
vl 8 - s -— 8
» » . o . L n
vl s - \ 3 - ) - 8
V” - 8 . - - - ‘ S e )
A S
‘l. A-Year 0!.4-_ ' i - _ _i‘ .
 José cvw | s vi| s x| s
. vl v2 ‘ \ - L , , .
. - L ’
ow -— -—— -—an . .d'._ . s .
-
v | s v2 s - © w2 Y -
3 b s. -— s . - '8
; I
vy s ;

both voiced & voicelesestops pgoducod' hth u_dult-liki VOT .
characteristics. . " :

1

™ .uthticnuy oi;nificant difference betveen the msans (and

the - voiced stop suean is less tlun the voiceless stép
) (ps.05) . : '

vl qou -voiced as opposed to voicelasss stops produccd vith
/ ead voicing (p's.0S5)

-

[}

! vl [ wore voiced as opposad %( voiceless stops produced with,

, cont {inuous voicing (ps.

Spirantiszation . \ . ‘ '
Criterion: s more voicéd as opposed to voiceless atops prodd as spi-
rants (p £,03) ;
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Discussion _. '_.
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We initially had hypothesized that &ecause VOT had been shown to

reliablx distinguish vojced-voigeless pairs- -~in pr
values would change concomitantly. However; ‘for both ‘Spanish studies, neither was

in’ ddtermining the honolog‘lca'l acquisttion process: These findings stand in

duction‘and perception for adult -
speakers of Spanish, as children’ acquired productive control - over voicing. voT.

the hypothesis confiryed nor did an analysis of . voT prove Yo be dompletely useful .

sharp contrast ‘to the results of - dbur inVestigation of .the acquisition of the

voicing dontrast an American English (Maoken and Barton 1977)

Because VOT had* likewise been shown to reliably distinguish English
voiced ('short lag') stop phonemes from voiceless ('long lag' or aspirated)'
phonemes, - we had made a similar hypothesis r"egarding developmental ‘changes ih VOT~

» in the speWhildren acquiring English~--an hypothests that was proven ‘'valid.
“In the English longitudinal sgedy, ' the. children did progress 1in stages from
initially undifferentiated productions of phonemically voiced and voiceless stops
toward productions with VOT values similar to those reported: by. Lisker. and
Abramson 1964, for adult speakers of English. Moreover, the ohoice ‘of VOT as the

v . unit of analysis proved- to be particularly valuable in that the analysis of vot
provided evidence. that the thildren were: ‘making systematic contrasts betweer
‘'voiced and voiceless phonemes even at an early stage when both ‘§ets of phonemes
were produced as short lag stops--in other words, preci!ely in the stage in which

~ all théir stop productions would have been labelled ‘Voiced' by adult speakers of
English, "Qur English-learning subjects wene making VOT contrasts between &dult
voiced and voiceless ;monemes well before the age of two years en& were producing.
relatively adilt-1ike short Tag versus long lag contrasts by dge 19 to 2;6.
(Macken and Barton 1977.) 2latin and Koenigsknacht 1976 Gilbert 1977 and Barton
and Macken 1978 also found that English- le&v'ning ‘children produce relatively

. adult-1ike voicing in stops before age 4;0. ) ,
LN \ s

Given that tho typical phonological descriptions of Spanish set up the

stops - /bdg/ as the systematic phonemes with. the spirant allophones derived from
the stops by rule, we further” hypothesized that children would acquire the stop
phones before the spirant phones and in yet. a later stage learn the correct
pattern of. distribution It was felt that this hypothesis received further 8
priori support from. the assumption that stop phones would: be- considerably more
frequent than the spirant phones in the input that the children would be raceiving.
from adults, in that the stop allophomes mdy occur in any word -initial position 1in
' .careful or andante speech and that adult speech to children is typically careful
7 and slow. The results of the spirantization analysis support the hypothesis that
children acquiring Spanish produce the stop phones ‘before learning to. produce the
spirants This finding is not particularly surprising, b&cause children ing-
general typically produce stops well before using fricatives; however, continuant®

o,

-w .

phones such as glides often appear among the earliest sounds produced-by children:

acquiring a wide variety of languages. We also found that, in fact, the
allophonic distribution rule is not learned until aftep. ag'e\gwo -and even at age
four children have not mastered the presumed adult distribution pattern. " Contrary
to expectations based on adult descriptions of Spanish, .the  phonetic feature
[continuant)--rather than voice -onset time--provad to be most -useful 1in
determining the acquisition process ‘for the Spanish phonological feature of
“voicing: 1in fact, the” children learned the supposedly redundant_ feature before
the feature claimed to.be distinctive.
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learning of VOT should ba relativ
is variable with regard to the. presence of absence of cont’inuancy An indopendent"_

) T I both our English and Spanish studio§ tho chi\dron initially produce
most st}ps with.short “lag vaicing (cf Jakabsor 194171968 on the early’’ exclusive
use of
Preston 1974 on the priortty of short lag stops*’ Thus. our first question -isx
why do Spanish-learning children acquire 4 lead' voicing--and .¢0 this extent, the

Spanish voicing contrast--gpparantly after age four . (while. English- learninq; a
children acquire ‘long lag¥ stops--and thus ‘the English voici contpast--by about:

2’6)7 Orie "possible explanation is- that lead voicing is inherent) dgifficult to
produce or at least more diffficult to learn than long.lag (i.e. aspiration).

Although ‘we “know of no VOT a{auisition studies that would address this issue,
Srivastava 1974 reports on one child's acquisition of Hindi--a laAguage that also, :
contains® lead voicing as part of its voicing system. This child first used- the
voiceless unaspirated (short lag) stope (at 1;1) and next acquired the prevoited-

(1.e. lead) Hindi stops (1:4). Not untfl 2; O/did the voiceless aspirates (i.e.
long lag) and voiced aspirates appoar. The data from this Hindi-learning child
appear to counter an argument for the late acquisition of . Spanish voiced stops .
based o an inherent difficulty of lead voicing

" It may be“that the Spanish spirantizati.on rule is the source of the
problem, Why this ‘should be the case .Is .not'clear. Because adults sometimaes’

‘produce, for example, bola with an initial stop..&nd sometimes with an initial
spirant (depending on context and speech style), children may encounter. difficulty

learning the +/- continuant fe#ture and the rulds for distribution. But, if we

assume that adults, consistently %uco the stop allophones with 1ead voicing, the
ive'ty independent of the-effacts of an input . that

»"factor that may complicate the acquisition of.voiced /d/ and /g/ phones 1is the
" relative infrequency of words beginning with these phonemes in the children's:

vocabulary (see Tablg 8). To resolve this issuo. research. must be done with -.
children acquiring aﬂianguago that has a VOT/voicing contrast similar to that in
Spanish but does not havé a spirantzation rule or oxtromo asymmetries 1in the
distribution of stop phonemoa

An altornativo approach to this problom 1s to inquiro why ‘the Spanish-
learning children acquire the supposedly redundant continuant feature early.
Althoughspirant phones are more comman than stop phones in adult corpora. we
originally hypotiiosizod that in .adult-to-child speech, stop phoms would at 'least

~ occur more fregquently thaythey occur -in other adult contexts. However, we noted

that during. the fecording . sossions our experimenters produced spirant phones in
absolute utterance-initial position Subsefuent examination of oighty minutes of |
tape recording per experimenter revealed that -these adults produced from 30% to .
40% of all utterance-initial /bdg/ phonemes as spirants. Preliminary analysis of

. the obligatory environment for spirants showed that spirant phones were producedz

" in thesq environments at least 954 of the “time. WOrking with adult-to-adult

» conversational. data, Hammond 1976 found a similar use of spirants. in obligatory

stop environments for the Miami Cuban dialect of Spanish (cf algo Timm 197¢ on
Chicano Spanish and the discussion of Spanish d » & in Ferguson 1978). Our adult-
to-child data and the adult-to-adult data from Hammond provide for the interesting
possibility that the spirantization patterns in. the four-year- -0ld data are in fact
relatively, adult-1ike and that, moreover, the conventional analysos of adult
Spanish are 1incorrect. Ir we assume that spirants are more basic to the adult

voiceless, unaspiratod stops and the similar claim of Kawioy“‘i’ort and -
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system, it no longer - is "s.ir;;’Ff.e;‘i..o that 1t 1s thel,onti'nﬁeht feature that- 1s
learned early and before the VOf fg\ature. -~ '

P

\

- " In conclusion, it appears, on the basis of the data from the two- and *
four year-olds, that VOT is not the most .critical phonetic feature: ‘'undérlying the '
Spanish voicing contrast (cf. Willij 1977) and that the spirants, [B3Y] play a .
more- important role than would be. expected qiven their allo?onic status in most
descriptions ‘of Spanish phonology. These rasults raise several important issues . -
concerning aspects of the ‘the voicing system in -Spanish that deserve. further
investigation, specifically the distinguishing versus redundant features pof the -
_Spantsh. voicipg. contrast and. the distributipn of allophones *in actual xeech
“With regard to acquisition ‘issues, our data . show. the complex interaction between
phonology and - phonetics during the acqufsition of phonetic: features 1ike voice.
onsete time. Further . research ‘needs. t§ be done to resolve -the issue of the
learnability of. lead and other VOT/voicing types and*to determine the role that
allophony. plays during acquisition. e

A o . : N .

REFZRENCES . e o .
. f? Lo '- .: . .: | . E‘.::‘ . .>.‘ o
Abramson, A. and Lisker, L. (1973). Voice-timng parception in sfnish

‘word-initial st#bs. J.Phonetics. Lr\-s T .
S Barton, 0 and Macken, (1978), An instrumental analysis of the
Engl/ish voicing contrast in feur-year olds. bofs ¢
development. "15. : . o
— -

]

Bush, C.N:, Edwards, M. L., Luckau,’d. M. Stoel, C.'M., Macken, M. A
and Peterson, J. D. (1973).. On.;ﬂecifyino a system for. transcribing consonany
in child language: a working papdr with examples -from ‘American English and

' MexicenvSpanish -Stanford UnJve?sity. Department of Lingui’\jtics.

Ferguson. C.A. (1978). . Phonological processes. In J.H. Greenberg,

.C.A. Ferguson and E.A. Moravcsik (eds.), Universals [ngt_q n ]gnggggg Sta_nford '
Stanford University Press. Volume & 403-442.

Gilbert, «J.H.V. (1977)., “A voice qnset time analysis of apical stop. -
productiol in three-year olds Cl‘l,Lang. 4.103-110. . S
m)

Hammond R.M. Phonemic restructuring in Miami- Cllben Spanish S
In F.M. Aid, M.C.. Resnich and B. Saciuk (eds.), 1975 CoLloq_t_s_jL on hisLn_'LQ *
linguistics. Washington, D.C.: Georgetown University Press. 42- 51 : W

~Harris, J W. (19,69"). .§Q§eﬂ]§n ghonolggx. _.Cembrid.ge./_,n_ass._:-The MIT‘“ L

yd - T o

Huntington, D. A., Clumeck, H., Macken, M. and Ohsiek, D. (1978). §ome
methodologicel constderations on the study- of VOT:in children. Unpublished ms.
Stanford University. Hearing and Speech Sciences. . _ o \

Press.




. Jakobson. R. (1941/1958) hild - sia shor
innjmaﬁﬁ-' The Hague: Mouton.- i?ranslatod by A. Kenor. 1968.) SRR
" Kewley*ort. b. and Preston; M. S. (1974). 'Ear)/" apical. ystop. e
production: a voice onset time analysis. g,_gnp_gg_;j_qi. 2"198"210 _ v

- . - C s
Lisker, L. and Abramsom, A. §. (1964). A cross-languaoe stydy of '
voicing ih initial stops: aco‘usfical’moasureinents, M 20@384-422. N o B

Macken. M. A, (19)‘8). PGPM‘tth,M edlnnhxity in’ phonolooical_.

- development: one ctild's acquisition of Span1sh codsohants. LJII.M‘- ' 44.219-253. _

and Barton, D. (1977)- A lonoitudinal study ' of the

unisition of the voicing contrast in "American-English - wprd -initial stops, as
ent. .

measured -by voice onsgt. ‘time. Papers and, reports on ¢hild language development -
9-14 74-120. (J.Ch.Lan ; revised version in press ) _ . B _ R
"N, . Navarro. Tomas. Tomas. (1968). ud es s anish ology. -C(;rall A

Gables: . University o_,f'mtmi Press: ' - : A
. Srivastava, G. P. (‘1974.) A cpﬂd's at:quis'ltion of Hindi conson\-nts.

xlngj_in Linguistics. “35.112-118. _ . :

, . Timm, - L.A.§ (1976). Three consonants in. Chicano Spanish‘ /x/.“ /b/ and , ‘
cldt. Ei]ingual Review. 3(2).153-162. - = . S Do ]
. Juill.iams. “ 3977) " The vo'lcino contrast m Spanish. _g.ghonetics' ST,
5. 169-1840 - , . : ' . Co E
k I

Zlatin, M and Koenigsknecht R. A. (1976) Development of, the voic!ng
contrast: a -comparison of voice onsot time in stop perce

JSHR. 19.93-111. . . S S | .

ption . and productio

«

? . o : St




