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ABSTRACT. Thts paper reports on the acquisition of the voicing contrast

. in MeRican-Spenish word-initial Atops. In Study 1, three monolingual children

lit

were recorded everx two weeks for seven months, beginning when phe children were

abodt 1;7: In St.& 2, tour monolingual children,about 3;10 wer4 recorded &Ice or

. r`.... tWice. Two analyses were done. Instrumental .analysis of the stop 'productions

II: IN- befween voiced-voiceless stop cognatje pairs on the basis of adult-like voice-onset

CX) revealed that not even by age 3;10 were the children consistently distinguishing

r- (time characteristics. The spirantization analysis, bowever, more clearly revealed

II
CM-the data for, phonological development\ in generiT and for the phonological

T-4 tbe children's phonologicai.knowiedge. Discussion focuses on the implications of

LI., deitription of voicing in Spanish.

lib li
. - I

II Introduction

. .

:

I/

Spanish

, I

na a two *ay voicing. contrast at the. lebtai,i4eniva1 and vear

places of articulation: Lisker and Abramson 1964 and Williams 1977 found that
.

g l..).

adult Spanish .speakers produce consistent yoice .onset time differences between

II

members orvoiced, votbeless cognate pairs. Voice onset time (cor 1/0T) 'refers to

.

.

.
the time interval between the release of stop closure and the ontet of vocal fold.

vibration. The Spanish voiced phonemes are characterized by the pregence of

glottal pulsing during articulatov closure; they are called 'lead' voicing types

11 6

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

lag! stops: voicing does not begin until up to 25 milliseconds (ms) after release

of closure. VOT"has also been shown to be a sufficient cue for the discrimination

II

of cognate pairs by adult Spanish speakers (Abrameon and Lisker 1973; Williams

1977). Since VOT has been thus shoWn to reliably distinguish voted-voicelets.

irirsii.0 Spanish, we hypothesiced that as the child acquires prodAtive coatrol

1/

over voicing, VOT values would change concoMitanilly.
, .

, The Spanish voicing contrast has another impqrtant phonetic property:

the volped ptioneines have two.allolihones--a stop and eovoiced spirant of tpe same

ille t:

place efiv ic
,

ion. According to conventional descriptions, the stops [bdg]

occur in utter initial' position and after nasals, 'and [4] occuts after /1/

(e.g. Harris 19 110 the 'Spanish spirantization rule'). 'In addition, the voiced

I

(13

. ft4
43 speech (Harris 4969). fhe spirants occur in 111 otbe ppsitions. Although the

stop allophones May octur, in, any word-initial posi ion' in careful or , andante

.

spirants occur much more frequently than he stops (c Navarro's dnaly is of

nk.
.

f
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I.
written corpora, 1968), most phonological descriptions of Spanish set up.the stops

'' /bdg/ as the systematic phonemes and derive the spirants frdm the stops by rule.

Since these analyses identify the stop phones as hapic, we couldvexpect that
children acquire the.stop phones [bdg] before the spirant phones [PT] and.still ,

later learn the correct pattern of distribution. .0
4 .

.

P'
AI

Thus, two analyses are presented: O the first is based oeik instrumental

investigatjon of the VOT characteristics of word-initial stops consonants; and the

second is based on a tabulation of the [-continuant] and [+continuant] phones

produbed for word 'initial voiced as opposed to voiceless stop phonemes.
I/

:.Contindlint' is used here as a cover term to include both the sOirants Dr] and

the plides [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
,

,

is the* longitudinal study of the productions of three children who were about 1;74

at the beginning of'the study; anti Study 2, a cross-sectional study in which fouf .

childien aged abbut 3;10 served as subjects.2 These two groups of hildren will be

referred to as the 'two-year-olds' and the 'fOur-year-olds', ces cttvely. SinCe

the,d,ata from the two sets of children are overall highly simile we will discuss

both studies in parallel.
,

.

II1 .
.

.

;

Method,

ubjects. Home interviews with prospective subjects and their families

were con ucted to determine the degree of cooperation, the verbal level, etc. of

the ch dren and the families' interest, in participation in the .study. The

inter iews were conducted by a native Mexlcan-SpaniSW speaker who was a mitebei:.or

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 descriptiop of the

experimental methodology were given to the parents after both aspects had been

yerbally covered by the communIty liaison person.

Four children were:selected to be su-bjects in Study 1 becapsb they were

monolingdal speaker.s of Spanish with no siblingi of schbol age, they were
producing at least ame initial stop words, they' showed evidence of normal
panguage development, and they appeared to be cooperative. One of thd.se children

koegan learning Some English mid-way through theestudy;"this child's data are not

included bere. Four monolingual Spanish-speaking, children were selected, to .be

subjects for Study 2;. although. we would have prIefdrred that these.children' also

have no siblings of school,age, this was not posIsible. Both seti.ofichildren also

met the-folloWinet6riterla: nativh Mixican-Spanlih speaking parents; no 1644104etother than A_Spani spoken in WO- homa;:residence in Redwood city, Califo fa, Ar"

community with a substantial Spanish-speaking population (one exception). e oho_

child whose.family does not live in Redwood City is.Maria; her family hod moved-to

Stanford frombMexico City six months pri-or..i.o hen part1cipa6pn in the 'study,

_FinalTy, all the families retunn to\Mexico lAry year for %/Sits or up:to several

v.rilonths,:ln Auratono, Given that the familiet live in a countryvhire :Oglsh is
,' N

!). the dothinant language, spine contact-with English is unavoidable. We' feel,

1,

2. These studies were conducted as part of a crossllinguistic in stigation' of

vdicingacqbisition in English. Spanish and Cantonese.

%

IA
;.1 IN ,,

j. I , .
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TAILS I. Subjects.

Sub acts Sex
First

Session

,

fest
Session

Approx.
Vocab.$

inn. Sibl s

lear.

Tamil,
inU

Parents .

Dissicam
Dia ect Ares'

Knowledge

4
A

3

2

2

4

14

3

1

A. 2-Year Olds

Manuel

firneado

Seto

s

8

if

K

4
K

.

1'47.9

1;7.3

1;9.24

.

.

2;2.2

.

2;1.20

2;4.8

30 wde.

'se

15 wds.
"

20 wds.

ister,
1 year
younger

f

ilister,

2 years -

older

IS 1

'

'

10

8
,

112

*

772
.

M: Guanajuat

Mexico City

M: Colima

F: Mexico tity

M: Mfcboacin

llf ifichoamhe

;

I. 4-Toar Olds
/

Jail

s

Cecilia

y

Seatris

.
.

K

P

;6.22

3;10.21

3;10.5

-

4;0.10
.,

.

.

.

3;10.16

,

0
4;0.13_

1

.

,

bro.

,.

bro. 1;6
bro. 2;6
els. 9;0
bro. 11;0
bro. 12;0
brci. 14;0

sis. 8;0
sis. 10;0

k

bro. 1;6
sis. 2;0
bro. 6;0
bro. 9;0

.

2;0

__,,,

6

2

,

2

.

3

.

.'

M: Michoacin

: Michoaccfn
4.....

M: 'Heel

L

: Mexico City

: Michoacin

Michoaan

MichoecAn
t,

,. .

% MchoacAn

...

1

2,
I

2

:

4

1

,

2

2

2

.

,...

4

r)t,

t- II 4 H040r; F Father .

2-4 mohiptgntia1i.3 moderater 2 'Ottlel'i none. '4.
1. 3

'3.--Josers family hadjust returned fro. 5 aonthei;in Mexico.
4-8setris' fay battik:et ritUrned Iron 3 'months is Mexico.
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however, that in our subject population.the influence of English on the childrenis

-gpanish is minimal and that the children's data are representative of the data

that could be'collected fromhchildren of comparable ages in Mexico.
. t

.

table 1 givis pertinent data on the seven subjects who will here be

identified as Manuel, Fernando, Beto cthetwo-year-ops, Study 1) and Joie,' Maria,

Cecilils and Beatriz (the four-yeat-olds, Study. 2). Audiometric screening of the

children in Study 1 "was done 'by the staff of the Audiology Clinic, Stanford

Meqical School; all' children were, assessed as hiving normal hearing. For the

far-year-olds, normal language de4elopmentwas taken to be sufficient evidence Of..

normal hearing, and these*chifdren were not given audiometric,Screening exams.. .

4

.Data collection. The children in Study I were seen approximately tery
1

.

1

two weeks, for a seven-montk period. (plus weekly for a short period at the

beginning of the study). TWStudy.2 childreh were seen once or twice. Tabli 2

gives the age and the number of :correct' stop-inttial .words produced by each

child by sessiOn. 'Correct' means that the child's production began with A stop

of the same place oT articulatVn-as the initial siop
4
ill the adult word.

v
. k

Each session Wris condAted,in a high quality sound-isolated room (with

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

owasndone on a Revox A77'tape recorder with a Sod,rilectret'microphone attached to

a poft.cIot ,yest which thlit.,:child wore. All sessIons'Weresconduicted. by a.native

sifeakr of Mexican-Spenish. There wtre three'eXperimehter's. The' eirst 'terioikelfor

t o months pt thebeginning cif Sti,dy L and was a fluent English-Spanish btlingual

wAose firstlanguage was Mexican-Spanish. .The other.Vo were monolingual &clean-.

Spanish speakers. quring the session, the observer, tho sat in the,control 'room,

ran the tape recorder, tooknotes and kept a tally of the.number of stop-initial

words produce4by the pild for all sikitop consonants. .

A

4essions were betWOen twenty and thirq minutes lohg. The goal for each

seWsio. was to obtein at least fiteen tokens for each stop consonant. The

,
observ r would indicate.towards the end of the session that a certain_Auppo/of

wordsíbeg1nn,ng with particular stops were needed. The experimenter/ ould then

focus on words beginning with those stops. This number was estimated to be the

irmaximum number of tokens which we.could reasonably expect to obtain from .the

youngest (children (aged 1;7 ) and the minimum number :of tokens rç4uired for'

statistical analxsis. Howev re4lt was difficult to obtain ninety arget items

(fifteen tokens per stop) fromraT1 of the children in Study*I. Strice the children

in Study 1 usedyfew d- and g-initial words (at 14"ekt 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 produced by the children in Study

l'were two.syllable, CVCV words with initial stress.
.

,

,x.
,1

. ° Stimulus mater1a1s'4ncluded.a specially
,

constructed stimulus book (with

.app:foximately.e'qual numbers'of word-lnitil stops represented), several ch4ldronts ;

., piiture boOka, a small wooden puzzle .and iiiiny small toys. Word iists.lwere.: -..

.
Obtained Irons the,parents of children in Study I at til.beginning of the st40,y;

objects for or pictures of stop-initie words that each child kneliewere'then added(

,

to the stimulus.materials...'Durin: the.sossi s the children played with the toys,
4 : / 4. , Wm

lookek,ety. pjetures, and wrpkJi
,

. .

. C aged te A oak. IV .

, . 4k6..
.

... i!
T .m,

.Ve analysis. . A 1 tap(Aiwe'te transcribed by a researchecbiing alltiwox,

A77 e recOrder And Supid St-erell-V headtphbnes. The tape script 1ncluh4d +all

(

1.

40.t

.. t.
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TANA Age and number of tokens* far each subject by session.

.1 -
A. Wo-Tear Olde

. ,

,
,

,

Session
'Manuel

Age

.

Tokens

.

D'orlpmdo

Ago Tokens
Seto.'

Age Tokens
,

4 1;07..16 8 1;07.12 2 1;09.24 6

2, 1;07.25 t 17 1;07.17 4 1;10.00 12

3 1;07.30 29. ' 1;08.03 . 21 , 1;10%22 18

.1;08.)4
v : e

4 37 1;09.07 12 2;00.07 20

, 5 1;09.25 39 1;09.12 7 2;00.21 25

6 1;10.08 41 1;09.19: . 29- 2;01:07 23

7 1;10.26 51 1;10.02 2;01.21 55

1;11.08 108 1;10.19 14 2;02.07 27

o
9 1;11.22 85 1;10.26 : ' 16 2;02.17 37 /r

10 4,2;00.11 139 1;11.05 28 2;03.00 r 21

11.' 2;00,25 84 4;41.237 - 52 .2;03.11 228

12 2;01.05 95. 2;00.06 50 2;03.184 ' 40

13 2;61.12 la 2;00.23 55 2;04:02 .43

o 14 2;01.26 145 2;01.04. 17 2;04.08 49

15. 2i02$02 176 2;01.20 , 168
.

,

.

: '-

11.

_
o

S. Foy-Tear Olds

Session

.Joe& .

Age Tokens
Marfa

Age Tokens
i

Cecilia
-"Age Tokens'_

Beatriz .

Age Tokens

1

2

.

/
3;06.22 156

A
_

3;10.21 181

,

.

3;10.05 105

3;10.16.-1- 94/

4;00.10 103

4;00.13 178

Sokens Words WhIqh-begaiv,withan initial singletoOtopin theeflult.
nmdel and which were produced by the,child with.a stop ay? the
same place of erticu/sitiono,

,,

),

El

6
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. :
wads'that the child sdid.,'1.Target words40 ' were t ose'that:began with an iniiial

,

singleton stop in the adult%modat and for which t echild produced a stop of the

correct place pf articuratipn, 'es judged by the ransdhiber (see Table 2): For
. ,

the target words, the 'initial Phone was transcribed narrowly:and the,rest of the

utterance somewhat more- broadly. ::The transCriti)olf syttem used is -thit of,the

International. Phonetic Assotlation with a.suppl mental"eymbolOgy'and diadrite4

system devised by the StanfOrd Child PhOnetic Workshop (Bush et el. 4973):

'Precedinv context and the gloss Were noted forAll protuctions.
.

. ._ .

'Of the biweekly recorded seSSions in 3t4gy,1, approximate* four anchor

point se6ionsfrom each subject Were selected fOr instrumental analysis. The

.purpose behind,Selecting anchor,.pointi was .to Sample throughout the data. Thus,

these anchor poihts were at approximately two.ri6nth intervals,.beginning with the

first sessions and endingwith the7last ones Since fn the earliest sessions,

none. of the children produced the requisite fi teen tokens of each stop consonant,

the first three or -four sessions were:bomb net into ,one °anchor. point if 'the

sessions had been' conducted at.close time int rvals. When sessions were combineit.

r

l

equal proportions of stops were taken from ach session. The data from'Study 2

children Were pooled if .a child had been seen twice.
.1

Wde-bapd (and in!somacases,,narr KA,0110) oectrograms(Were,male_ofAhe

fii-St'ifilteenftokens ofeach stoptypeon a aY SonOgraph (model 71029 ADC, with an

added cUstorn shaping circuit,OS2, 12 d high'jrequency preoqmphasis)). .To

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

160-16k mgde(which resulted in a time base' of 41 mA:per. centimeter and:Al Scanning

filterwidth;of 600.Hz) and were reproduced with scaliiMagnifier. Set at 0 to 5(:)%!.

MeasurementSof VOT were madelwt fthesame tirnd on a Tektronix Oscilloscope with

storage capability (Type. 564), which was used in tenjunction 'with e lbcally.

designed and constructed triggering system. In all cases' where possfbloe the time

scale used was 2 ms or 5 ms Per centimeter. Dtrectly following the ostilloicope

measurement, VOT was measured on the sPectrogram(S). When the osciltoscope and

spectrogram measurements differedkby'rnore than 3ms, the problem was dentified ,

.and'then 'resolved by furtherAnstrumental analysis.- In'general, if the Ofference

between the two measurements wai equal to or less than 3 Ms; they were averaged to

give a final VOT value. However, for VOT vques gre r than -60 or +50 ms (i.e.

cases in which the. time scale hadhto be set at 10, 20 r 50 ms per division),.,fine

time resolution Was mere difficult on the.osc4lloscop (due to greaterresegapreision.,

of the signal in each time div1sfOn)4. and Oreat eliance was pladrod. on the

spectrogram 'measurement. Te Iropedures fOr ig uMental arla*st.s and V03.7

MeasureMent are described in detail in Huntington et 1. 1078.

If an utterance resented a problem that the researcher: could not Solve,

t spettrograms for the:item were presented at weekry group meetings where

Projecvstaff (four.to sax persons.) disdussed and resojved the problem.:"In the''

few casds wh4ere the:staff could not.reach.Adinfmonsigreement, the utterance was

statistical'analysis. The Criteria for rejeCtion ofz-an_

.:utterance from VOT Measurement 'were: 'noisy' (e.g.,' chalgoIng toys during ths.,.

child's proleption); 'voice overlay: (where an adult's Oicemas superimposed over

14the child's aprieeach could not eetily beseplritied by narrow-band analysti): 'no

q'
4.

burst 'follAing, voiceless vow4!.;. and 'cdnti.nuoga, voicing' (where-yotcing

,contOned uninterrlupied from rthEC Child'i previously' voiced- JA*Iient): '

.:Approxtmaiely .10% .of the total:set-of utterances from all children were rejected. ,

'''



.'.
.0

:Threeerasearch assistantsCarried out the transcription and instrumental

_analysts. Ai approximately-two month intervals, reliabilit,y checks" were made.

!or tbes'ie cheeks, six items were selected (usually the firit token of each stop

consonant ,on a ,tape). Each research asAstant transcribed, insaumentall

, analyzed and..measured each item. Because the six items had been analyied by a

.indi$.40ual'researcH assistant several months' previously, the comparison check

indiCatethiboth inter- and intra-observer retiability. In the Nliability che

.proceddre (as in the regular analysis procedure), provision was made to allow n

observer to label any utterance as a problem which should then be referred to t e

Weekly group meetings. Fice of the 35 reliability check items were identified as

problems by all Tesearch assistants. . Excluding these five items, the th ee

rwearch assistants agreed to within 10 ms on 83% of-Ww-items checked. Du ing

,the weekly greup mebtinqs, Project staff resolved theiproblems for all the ive

problem utterances.

/.

i, ' F016: ._,,. For .each child, 'each ancnor point (Study 1) or each session/co ined

4P' ' '-sesiAoR (-Study 2) was analyzed separately. When definitive VQT values were

lobterned for fifteen tokens of each of the six stop consonants, separate fre uency

.

kilstribufionit-Were dseWm lid.theiMean, standard deviation and range talc lated.
....-

Tests of ,st ificance warle.made of the differances'between the mean VOT of the

4 1/4vo ed -ind val&Oess .phonemeS' atleach place of artieulat,ion. Througho t4.the

"le abilitips-:diven are fOr one-tailed tAests. ,Where F values are sign ficant,

separateS viriance estiiatis are ,t.lafiti; Where they are not significant, pooled,

,/!--./ariance.%esttmates aremuseil.. SinCe noni:df the ditferences between the means for

a-pair were Significant A aw-or.the akhor.points fdr children in Study 1,.the

4 data",from. these,anchor poinis wer6ombined; al1v talller in the text Prefent 'the

pooled data Ony.., .:Tihe difference', bet n the means for!' each froM: the

comb.inedrietslons were comared (one iled t-tests), and a two.way analysis of

variance was carried odb... The decision o collapse "data in Study 1 was motivated

by the assumPtion that if no signiflcantichange occurred over,the time- period, the,

data frOm that time_period represented a single stage .and thus were comparable.

Spitantization_ analysis. From the transcription sheets for each

sesSion,, a count was made spf the continuant and non-continuant phones produced.for

all word-initial vpiced and _voiceless stop phonemes. Included among the
1

tonrinuant.totaTi are sporadic cases of weakenings to half segmbnt continuants and

deletions (see Ferguson 1978 on.spirantization and deletion in Spanish). For the

voiced stops, the distribution.of phones Was further Separated into the Ibligatory

environments for the stop and spirant allophones. For Study 1, 'word-initial' was

in nearly all cases 'utterante.initial' also, since the-children remained in'the

one-word'stage throughout most of the study. The analysis of the few cases whiire

the children produced initial,voiced stop words in sentence medial.pOsition showed

no signifitani differences in the dtstributiop of continuaninoncontinuanyhonep;,

4110Phus,in the results, the word-initial voiced stoP data from le two-year-olds are

oohed across allsentenee.ppsitions. '.For Study 2, 'word-in tial' includes both

utte0ance initial position'and sentence medivl position. Since our goai for each

ses'sion was to elicit a large gumber of words, the experimenteri tended to ask the

shtldren a lot df,the Spanish equtvalents* Wh-questions. lhUs, our methodalogy-.

biased the'Study 2 corpus jnithe direct*of single woreqterances, For 'this'
v- ANL

reasoh,. much.. Of the Aata e4en the- Older Whilildren .Wis' stop Ohonemes fir

utterance initial posi-tiorf also.fleciuse the children in Study 2, tended tg use

4, ,

r.

' 9
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TAUS 3. Dias TOT values; sumberof tokens, stasdard Oviatios ese
rasp for each Stop, by subject.
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andante speech style, we might expect a Urger number of stop phaes prOduced for

the voiced phonemes tn word-initial position than would be found in other types of

sorpora. The analysis Of word-initial voiced 'stop productions by sentence

position showed significant ,differences. Thus, we present the four-year-olds'

data separately by environment.
*

After the tabulation was completed, percentages were calculated of the

occurrence of (+Continuant] (both spirants andglides) phones for each phoneme and

for each child.' Where the occurrence of stops and continuantS 'Were compai"ed, Chi-

square-tests were used, orwhere there were small amounts or data--Ffsher's exact

tests.

8111

Re ults: the VOT analysis

We initially hyPOthesized that two VOT criteria would be sufficient to

de ermine whether or not the children had acquired the phonolovical voicing

c. trast. First, even if child VOT values varied a great deal or cluitered in a

p rticular, restricted area of the"VOT continuum, the difference between mean voy

v. ues of a voiced-Voiceless pair could still show ilgnificance, ifrthe children

we in fact attempting to distinguish between the /umbers of a pair. Second, if

fhe HIrldren'smeans afid-ranges resembladthe Lisker and Abramson adult, cialip ,toen

quite .t childr n could be said to'have acquired the'voicing contrast.

Table 3, contains the mea VOT values, number of tokens, -standard.deviatAns and

range Of production tor all* stops and all Children.

.In Table .3 we find that five of the teven -children produce no

isignificant differences,between the means for ahli 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/. 'if we compare the

shildren's means and, ranges,to those replorted for adult (Puerto Rican) Spanish

'siiiaakers by Lisker ahd At4amson, we.further findthat only Jose's /b/ and /p/

productions .are somewhat adult-like. In both sentence and isolation contexts,

Lisker and Abramsonls voiceless.stop data)are similar, while the voiced stops

consistently shbw shorter lead *
values in the sentence as Opposed to the isolation

context. Simply to minimize the dilference between the adult and our child data

.
(and thereby to eophasize the nature of the discrepancy between the two corpora),

we will compare the children'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,srange-+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.

ROurning to Table 3, we an see that the children's means-for /p/ and

/tV VPO topii4kently longer than adult /p/ and /t/ means, while the children's /k/

enS generafiy,Cluster ,around the adult /k/ Mean VOT,valme. In the data fnom

nando, Maria and Ceciiia, the' mean for -/b/-falisOn ihe short lag Fegidnz(less

t's -10 ms). Only Jose'& mean for /b/ (-63.13 mis) aPproadhes the adult mean

0 mso None of the childten's magisVOT values for /d/ and /g/ resembJe adult

ean IOT values: all child means WU; the exception of Jose't mean 'for /d/ fall

the shortAro moderately long lag region. Similarly, the ranges of tokens for

the voiced ed voiceless phonemes are not distinct; the onll% exception is the

of rt

,1 -1

(1'

4

1
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al^st -non-overlapPing rang(C of Jose's /b/ and 0/01' tokens, but V./en hem) tta3 ":' '" , ....

r4ndes are not adult!,lika. To' see more clearly the similarity betweenp.the..16;

children's- productions for the. vOiced and voicelesa Ohonemei, we neekthe Mi.,: !

values of indiOidual tokens.: Figurv 1 asd 2 below At the range ofilifitityld0A1 .?,

tokens of each stop consonant for Study 1-and7PStudy 2 children, respectively. III,

, .:

. 0n1.Figures 1 Wnd 2, we can see ttiat 4t1obgh adult tokens for Ypi, and .''.

-/t/ fall within the range of 0 to +15 ms,'the childredts tokens "Or both. the%

voiced and voiceless labial and dental phi:on-elites fall within tit° 0 to +40 ms cange:s '0-4

TY/e adult tokens for /k/ fall in.the 0 to +55 ms range; the children't'toketts' for

both /g/ and /kJ fall almost completely in the'adqlt /k/ range. ,While there.;are. 4 1 ,'

few tokens in the long lag region +60 to +100 ds, 'there aro equally few tokent;tn. -'

Jthe lead range -125 to -75 ms. With the exception. of Jose, the children simplYtcio

not produce adult voiced stops consistently w.ith.voicing load. Moreover, thky ..

Ooduce both thoivoiced'and voiteless'phonemes in a manner more nearly reseMb1300 ,

the adult moiceleis stop-phonemes. Hooiever, Uese is a.trend which may indicant .

that the children are making some-form ofe0:contrast at Vie:. labial placo; of

articulation: for all seven childreni:"the mean' for- /p/ is longer thAn tiol.tnean

for,/b/ (Iable 3) and the ranges are somewhat differant,(FiguriS 1' and 411, 4nhere

is no evoidence fr.& pny siMilar trend in,the dentaVand-ve.lar.daVit.
. F

'

4°S
0

. \ P 0. 0 ' V V ..1. .. . .A. , , , . .41 0 ` ,
. , - .

* .Because of 'tnii 'aipiren't'tFerid;141crakedIftr-oth6c-emidende-tn-OwVOT
4ata.c. Two charatteriItics of the chrldren.',4"codUctions.., proved- to show

significance in somecases: the proportion of lead tokens.and.the iricidence .of

Continuous voicing. If we includeproportiori oflead" among. .bur:critsria. for

acquistioni then both Manuel and Fernando can also Pe- cridited.with acquisition If

) the voicing cOntrast at' the labial place of artl uliqjos;* notei. howilmer,ft-the,:
. ll.

frequency with which Fevando produced./prwith voi g le'a Ord lr. :'klthough

the incidence of leedit not significant, Maria..an&iihtatc*.els -produ0,onlyibi.

(and not /p/) with voicing 1-44d.4-and s1mi1arlY4Or /g/. .
/k/1 in Jose's and

Maria's data (Figure 2). 'Continuous voic1n014efors to,those cases,where'voiciag

coptinued uninterrupted from a previous voiced segment thropgh the Ttititia) s'i9p

phone of the following word. As noted before, Mich seqence embedded words were

not common in the Study-1 datalind'lfss common than Might beiexpected in the Study

2 data. On ttie basis of this criterionsignificantly °more voiced (than

v6iceless) initial stops exhibiting continuOus voicing, Cecilia combe said- to

have a contrast at all three places of articulation and Jose a contrast.at the

, labial and dental places. None of Maria's tokens.were Oaracterized by continuops.

voicing, and Beatriz produced no d- orev-initial words with continuous voioAngij
,

, n
i ,

In summary., we find evidence in the VOT data that suggest that all the

Childg eXcept Maria ed Beatriz.had a contrast.between 41/ and /p/ and that

le dldult VOT/voicinu &tem:
jc^

Cecilia d Jose, had a Udimentary'contrast at three and two )places respectively.

Neverth lss. the Chi fdren's data o not TesemblO the

none% of the childrennot_pven the four-year-oldswere producing adult voiced

stops with leadyoicina ip'.4contradistincti9n tolkortwlao productions for adult

voiceless phonemes. We thenturned to the spirantization component of ,the. Spanish

voictnglontrast and to the phonetic feature [continuant].

,

14,4

Ii
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Resujts: 'the spirantizatioriallysis
.

. Table 4 presents ihe irst results of the-spirantization analysis. In

this table, 'the nUmber and percent of voiced and voiceless stop phonemes produc di

as continaints are gi0en for eaoh child.! Included among the' totals fo

continuants are ,sporadic Oases efiweakenings toi half segment continuants rsand,

deletions.% Frequencies foi-* all word-initial ,voiced stops (irrespectiJe of

46,6: position) are given for the two-year-elds in this table, *tile frequencies for

only Utteeance-initial, word-initial stop phonemes are given for ihe faue-year-
tv:

olds. '
'o

For our purposes, the first question t be asked of tiv spirantization

analysis fv, using the continuant-noecontinuant-chterion, how meny.c dren can

be credita with having acquired _the--Viiicing contrast and at what cos of

artiCulation? Critical evidence Would be siatisticallysignificant differ Ces in .

the \number of continuant pfte440 produced...1%r tNe voiced La opposed tot the
voiceless phonemes at each place of articulation. Among the two-year-olds, both.,

Manuel. and Fernando-produce continuant phones more often for /bdg/ than for /ptk/ .

(*p.05). Beto's data also show sbmewhat different patterns for voiced as oppoSed

to voiceless phon s, howeler, the number of /d/ and /g/ tokens is too smalloto

. be conclusive. Evide ce for, a ydiving contrait .at all. three, places oe..,

arliculation can'also be found in the data frOill Jose and Beatriz among the four-

year-olds.' The differences between./b:p/ and Mat are significant in Cecilia's

data. Maria1,s, labial and velar data show that both /b/ and /g/ are produced as...

Continuants-more often Alien are /p/ and /k/, although a larger number of tokens

would be pecessary to verify this trend for /b:pt, and the difference fbr.../b:peis

not signifiCant. Two other trends are that' labial stops are most likely toile

spirantized and dental stops are least susceptible.to spirantization (Table 4).

-*

This is in general true for both voiced and voiceless stop phonemes.

.

In general, the voiceless stops are produced as continuants only 1.6% of

the time by the two-year-olds and only 0.8% of the time by the four-year-olds. We

might-consider .then that a figure of 1 to /% reflects the margin of error that

could be expected with children, Or speakers who do not have perfect articulatory

control. In contrast, the children produce 45.7% (two-year-olds) and 31.4% (four-

year-olds) of /bdg/ tokens at continuants. The 45.7% figure is surprisingly high

in that the two-year-olds produced /fsx/ as noncontinuants throughout nearly all

of the stud?' and it is generally accepted that stops are acquired .early by

children (See Jakobson 1941/196$). The figure 31.4% is particularly unexpecteq,

since the four-year-old& used primarily andante speech (n.b. except Be/Ariz) and

presumably were old 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 youdger children had in fact acquired the allophonic rule, although

their productions did not completely correspond to the expected adult pattern. To

discuss thio, other age-related phenomena and.some IndivIdua,l differences, we

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

The two:year-olds. , Table -1 below gives the results of the

spirantization analysis by child and by time period. Two types' of changes

occurred in the children!s data: first, changes in the frequency with which a

Pt

3. Only Manuel produced continuants forthe viit less fricative phonemes and
,..,,,.

. this only toward the'end of the study.
'-Q".' 'N

1 .

..
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4
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,TAILZA. Spirantisation of Initial /b d g/1 Number and.percent of Toiced;6d.
voicelesn stops produced as continuants by chile

11*

A. Two-yaar Olds.

Manuel

*

'Fernando

tato

B. Vour-Tear Olds

Cecilia

Matrix

I.

,
Voiceless Stops %Voiced Stops2

/1)1 It! /k/ (b) (d)
,

1111

2 0, 62

6.52

2.02

0 52

2 62

0.02

4 -
.

I

202 ......*3-ff 1 . 62

vit.61 *41.32

2 e
*3 4 . 6 2

3-1

A.

*16.42

*16.12

,

33.32

if

7.7
31.

-1-

*7.72

*35.52

50.02

312

!--4
168

ii.

-1-'-222

3

350 .1x

2
"

2 9270

1

107

uo O . s I

,

4
0-4

-r4

0-a

.

2.62

0.02

3.12,

'0.02

A

03.6

21-

0-%

i

0.02

0.02

0.02

0.02

0.02II

4 0.02

A) 0.02

32g 2.32

4

A *40.02

2.B 13.32

1-2- * 8:32

Ai *46.941
"!

r

3
18

1

3

4

*16.72

IL Ol

*40.0.2

43.32

.11/

2

--(2)

4

*29.02

*12.52

\.....

0.02

*25.02-

.,

1- The figurss ftr voiceless stops are given for all word-initial
position tokens. The tabulation for voiced stops is based on
word-initial position(both sentence medial and qterance initial)
for the two-year olds, but only on utterance initial position for
the four-year old data.

2- * by percentage indicates a sigpificant difference between t a
allaber of continuant phones produced f.or the voiced as opposed t
the voiceless phonemes (ps.05).
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.particular.word-initial Voiced stop 'phoneme %vas produced; atd'secoad, changes fn

.the frequency with which a particular voiced phoneme was prodmild as a continuant.'

Such cOanges in each child's data are .us6d here to mark.'the begindIng pr new

'stdges' in each thild's particulir development. In order to Kesent jihdkompere

the data from all three children in one table,Aime per-rods (*tether than

ildividual session Miters) are used .in Table,g. In all butone case, the eight

time periods in .Table 5 accurately describe the child's eats on the' sessions

listed under the particular ,time period. The, exception is' Betols data frqm

sessid6 4 through 6 that are listed under time period V: Beto Was actuaily 2;0.7

to 2;1.7, not 20.6 to 2;1.0. The ImPortant.points are that stages in each

child's particular developnitnt wers'identified individually and by sessions and

that the time periods-given.in the tableNere selected to correlate with the

Joints of change for each of the three childrenr' age is assumed not tei be a

critical variable.

4 To summarize, all three children acquired A phonemic voicing cohtrast

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

"and Beto by 3q0.7. For Ferntindo 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 is 1;11.22). Finally the dental voiced-

voiceless contrast is acquired: by 2;11r.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 velai contrasts at the same time. Beto was .possibly

in the process of acquilging ajental and velar voicing contrast at the end of the

.study when he was 2;4.8:4 The evidence for these phonemic cpntraats is based on

significantly different patkerns 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 childrtn produced for word-initial /bdg/ are very

similar to adult /ptk/ in Ierms of voice onset time characteristics. (Recall that

only the meankfor Beto's /b/ and /p/ show a signi icadt difftrence.1 Finally,

there is a-pariNle) between the order in, which the cfrildren acquired the voicing

contrast and the asymmetry in the distribution of s p phonemes in the children's

corpora: the children.acquire the'volicing contrasI first at'the jabial place of

articulation, and the frequency of /b/ is substantialfy greater than that for /d/

and /g/ during both the stages preceding the first voicihg contrast (/b:p/) and

also during subsequent \stages up to the, stage in whfh the dental and velar

voicing contrasts are aOuired. In fact, the children generally do nqt produce

any /d/ and /g/ initial kirds fot seVeral months after /b/ tnitial words are used

and also after the voicing contFast between h):p/ is-eeeuired. (Table 5.)

Thg .-faUF-Year-olds. .'Table 6 presents the 'frequency with which's.--

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

deletions) were produced for word initial /bdgi.in obligatory enVircinMenti for

continuant and noncontinuant allophones by the four..year-Olde: The, first three

colUmns give the .number and percent of continuant phones produced in the

obligatory noncontinuant environments. If we assume the.children's production to

accord with that which is expected from adultsiten we would'exOect zero ,percent

1/4

4. On tho basis of a spirantization analysis, a Spanish-speaking shild--J-- in a'

previous Prkpject study acquired the voicing contrast in an idential set of stages

at the fbllo04ing ages: /b:p/ 1;11; /0:k/ 2;0; and /d:t/ at 2;1 (Marken 1978).

6
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58 2Mo-iiipi olds. Spirantisation of W4rd-leitia1 /b d'i/: Allembet

. percent of.volced stops prodUced as continuants., by childend byllhas
period. . 1.

%
e.;

4

4I

Seto

b

d

.

I

1;7

II

7;9

III

1;1014

IV

. )411111 '

V .

-..,

IX

21
VII

2;214

VIII 1

20%
1;7.12 -

1;8.16

1;9.7 -,

1;10.22

. 4

1;10.26 -

1;11.8

1;11.22-

1;11.23

2;0.6 -

2;1.0'

2;1.4 -

2 2.7

4

2;2.17 -

2 3.11

2;3.18 -

2.4.

ki.
36

II

-

-

,

,

.

.

66 72*

0.02

-

0.02

-

-

.

,

,

331-1- 75 022
4,

3 .° 0 02

- -

0w ,i0.02

1r6 10.02

9 0.02
3

- -

_ --

_ -

70

IL

-

5
ii-

0

84 32

.0 02

*
31.32

0.02

19 66 72
615

11 0 02

1 6.314
16

9.
To- 50.02

-
0

0.02

9. OM
1

.

11
a5

1ii

26
-4-4-

1

-2-
1

5

44.12

1

45 42

.

e

.-1
11

-
1

-

,

,

-

.

....

45.52

,

0.02

-

.

.

' a .

21. 32.42
37

a

---
2'

50.02

1
-100.02
,,1

a,

.8 3i!

4.22
1

39.12

11.12!

.0t

23.8t

-..

-

-tt
lue 6

41- 24 42!.

5 JPF 9.6x
4

s

11 ._
Jr.51

ii-24.13!

-2 13.32,
1 5

1 50.02

0.
- 0.02
1

a. '1In4lentee first time period during L thith child contrasts e v.Oics8 and
voiceless dult phonemes at a particular plate of aiticulatibn (p605).

P ladicaias pliable contraat.

Mane that no-tokens.of a particular voicing tyPe vire produced by
the chilld duriag the time period indicated.

P
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, in 'each of t e first three_ columns *for -each child. In .the rightrmest 'three

.columns 'are g veQ the timber and PerCeht of continuant phonesloduced in, the

obligator/6r_ en irpnments for continuants; her we would expect.1 IC.. entered fOr

each child, 4rovided the Children are Orodu ng ihe voiced stop phonemes in the

presume adul like manners
S.

.

Fr m. Table 6, .we can see first that, as "Table 4. has already

demon trated the children do not regularly. produce noncontinuantPhones for /bdg/ '

'in al1 tge obligatory environments for 'the [bdg] allophones.,- Since Table 4

present d d ta for utterance ihftlal positión -only. and if we compare the

percenta es for each stop phoneme on. Tabl and Table 6, we can also determine

that the children produce continuants for /bdg..approximately equally in all stop

allophbhe en ironments; his means that the children prodUce conilnuants for /bdg/

both in ut erance,initial position and in wor4-init1al position.following a nasal

consonant and for /d/ after /I/. In addition, however, Martivand Bedtriz also

Oroduce non ontintant phones for /bdg/ in obligatory (pall envirOnments more than

would be exp cted, given the presumed adult input; Jose and Cecilia also produce:

'iome noncontfnuant phonesfor /g/ (and /d/ by-Cecilia) in the adult py] (and [a])

environment(s). Thus, none of the children follow, the adult allephonic rule

completely.

In spitd of,the fact that the children's data arenot completely aduft-

like, the data show that most of the children do prdduce /bg/ differently in the

adult [.eg] versu51[07] environments. .The data for /b/ and /g/ in Maria's data

t
approach signifiance (pm.00 .and .055 'respectively); as do Be riz' /g/ data

(p<.1). For none of the-children are there enough tokens of Jd in obligatory

[+cont] environments to indicate-a pattern. We assume then that the differential

treatmyt of%et least /4/ by anvqonment is evidence that the children have

acquired the allophonic .rule, although it is not mastered at the performance

level. It'11%, however, possible that their productions are similar to adult

productions. in which case conventional descriptions of the allophonic rule in

adulf Spanish are-stated incorrectly to the extent that the descriptions distil-tow

spirants in utterance initial position (and other 'obligatory'.stop environments)

(and, perhaps, stops in 'obligatory' spirant environments, as well). We return to

this issue in ihe discussion section.

T#ble 6 also shows that the
i

labial place of articulation is most

conducive to spirantization: the frequency with which /b/ is produced ims a

continuant is'consistently higher than that found for Jd/ and, nearly always higher

than that found for /91, 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--Marta--overwhelmingly prodypils stop phones; she does sp

..
more consVitently 'than do the other children in the (correct)' obligatory

environment for [bdg]; and she does so more often than the other children in the

(incorrect) obltgatory environments fOr [Bal], Jose and Cecile produce more.

Continuants .-in the obligatory [bdg] environments than noncontin nts in the'

obligatory [Ball environments. Beatriz regularly produces the 41n rrect' phone

approximatelyP29-48% of the time (assumtng that 40 one stop tok n 'of /d/iin a

continuant emPironment is insufficient evidence of ihy trend).

f
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TAIL6 6, 44ear Olds: SpliantisatiOn of word4nitim1 /b d g/ in obligatory

seviroarents for continuant) and (+continuant) allophones!". .'

Joe:

nada

/Lewin&

7

leatris

p.

yord-laitial.Pb d g/ Production's

'Child productions Oi [4- coati in

Obligatory anvironments.for [- cant)

Child productioni of l+ coot) in 14,
obligatory environments for [4. oontr"

to [8] [y]

,

CO [8] Cy] .;

31r

2

7
Tr

16
rg.

..

36.72

13.32

31.8

34:82

3
IT 12.52

.

0
--§- 0.02

y 25.01

10
li- 47.62

,

la

2
18

4
ii.

.

,

27.02

1112

.

29.22

*100.02

cripAr62

25
1-s *100.02

lilt *71.42

.

i 0.0213

73.02-f6

. ,

0.02

.-

, 6
ir.*85.72

6
40.02

s
*80.02

8
12 66.72

41)-11) .(1 g/ -4 [- cont) /

lid
e

/b d 1/ contrelsewhere.

.

(2)- * next to a percentage -indicates a significant difference between the
number of continuant phones produced in the obligatory licontl environment
as opposed to the obligatory [-cont] environment (p .05),

4

. .

)

9

4 '1'
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Results: summary from .both analyses,
.

, . ..

Table 7 presents the evidence foi. the ihildren's acgbisition of phoneMic't.

contrasts betwdon yoiced and %Wass Fognatli.piirsows determined by the VDT -and

spirantization analyses. .0n. this tibia) major, :and mtnor typer.of evidence are

contrasted by means of. upper versus lower case letters. 'For the 1./OT analysis, two .

criteril were used ihitially: (1) child productions in close approximation to VOT

characteristics reported by Lisker and Abramson 1964. for adult Spanish speakers

(V'Oable 7); and/or (2) significant.differencas between the means for a voiced-

;yoiceless pair (NW,' Table 7). Both. of 'these :characterist4cs were 7 teken to

Provide strong, evidence for- a phonemic contrast in 'the .child's .,syttem.

Secondarily, ..two' other criteria were used forChe VOT data: (1)-a significant

number of Voiced phonemes produced with lead vo ing as tompared to the number of

voiceless phonemes produced withlead (v1, Table 7); and (2) a sfgnificantliUmber,
of voiced as oppoSed'-to voiceless phonemes'. characterizon.by continuous voicing'

A.v2, Table 7). In the. absence'of V' or V" evidence, both lead and continuous

voicing,(v1 And 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 sttinificant number of koliced s-opposed

klof
to voiceless phonemes produced as continuants (where>entinuant' cahlo onds to a

category of weakening from [-stop] through to zero) in the,adult o gatory

envirenments for nohcontd .inuants (S, Table 7). '.

1 Table 7 shows1,06 the spirantizatiOn analysis proved most useful in
SW'

determininp the children's acquisition of the voicing contrast. On thei6basis of

the strong VOT criteria^s.only\two chitdren could k.r said tO hail() Tcquired a

voicing contrast and at only one place of articulation. In Tolmtrastydp the basis

of the, spirantization criterion, we can conclude_that four children had.a voicihg

contrast at all- three places of articulation, the fifth-child at two places and.

the sixth and Seventh children at one place. The only point at which the

spirantization analysis did nob 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'edata, and the evidence for a

velar contrast is weak in Cedilia's-dati. In general, considerably more evidence

for a contrast is found for all the children's productions.of /b/.and /p/. The

longitudinal data show that the Voicirig contrast-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 articuletion.. In addition, We found that /d/

and /g/ occur signifitantly lesi often in the corpora *from both the two- and four-

lear-eolds. Table 8 below gives a total for the number of tokens produced by each

group of children for each adult phoneme.

4 A striking feature of the data Orovided ip Table 8 is the high degree of

similarity in the distributjons. of .word initiat phonemes' in both groups of

subjects. Differences ip the distribution o'f stons-appear in the data in spite of

our elicitatiom goa)s totobtain equal.propertions of all stops types. That there

al-e these differences for both age groups suggests that this asymmetry,in stop

distribution it a property of Spaiiiish, rather than merely a function of some

aspect, of young children's speech; the latter interpretation would be most

neasonable if the asymmetry only occurred in the. two4year-old data. These

frequency figures also demonstrate the special status of the labial contrast.

?

A

.f



.
pa

USW 7. Evidence f
voiced an
Spirant&

-

A. 2 -Tear.Olds

Memel

S. 4-Tsar Olds

Jodi

Marie
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VOT Criteria:

Spirantisailon

the cEitldree:s.acquisition of phonemic contrasts betwomn
voicelesiNaggaite pairs, as deterilned by the VOT and
tion analyses.

A : 0 I /d 4 t/

VOT Spirantisation .VOT Spirantization VOT ,Spirantisation
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.
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both voiced 6 vol: 41istops produced4with

characteristics. 7

V" statistic:Myatt:011cent difference berween'the Means (and
., voiced stop teen is less than the:voiceless atop

) (nAS)

vl imorewoiced as opposed to voiceless
; sad 'voicing (p's.05)

law

sore voiced as opposed t9f voiceless
contimuous voicinc(ps. )

Criterion: 8 more voiced as opposed to voiceless stops prodeii;as spi-

rants (0 .05)

stops produced with .

stops produced with,
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mut S. .Irr.aquanc.7 4/., Voiced and Voickeee, Vora-Initial Phoneme. .

I.

,

By phlmama

It/
/k/

ft
/id

4d/

Is/

foital

II. Ihy moiciag

, category

-Voiceless

Voiced

Total

_
Tie-Tear OldeN\'

1

.
Four-fear Olds

# of Tokens
, A

percent i of Tokens . portant

579 24.22 '242 , 24.82

385 ,16.12 , 122 , 12.5Z

616 /25.62 230 --
1

.!23.5Z'
,

*556 23.22 176 418.0Z

132 : 5.52 68 7.0Z lk
4,,

i
124 5.22

. JAIL J, JULIJUL

r. s2,391 . 100.02 977 100.0Z
6

4 1--

,

.--ei
..

., e

1,580 ' 66.12 . 594.
- ,

.60.82

812 .. 33.92 383 , 39.22
4 .

2,392 '100.02 977 100.02
. ,
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DiScussion ,

. ...,.,.. - ... .

, . .: -, ';

We initially had hypotheslzed that, ecaUse VW had been lhown tO

reli. ablx distinguish voiced-voip.less pairsNin.dr ductionand perception for..aduIt

speakers of Spanish, as chtldren' acquired productive control.over voiting, VOT.'

vaiues would change concomitantly. Howeveii.for both-Spanish studies, neither was

the hypothesis conf1r

7

eenor did an analysis of.VOT 'prove.,to be Completely 'useful,

in' dfitermining the. honological acquisition.process; these findings. stadd in

sharp contrast-to t e results' of- Our inVestigation of .the acquisition of the11

.voiging Contrast MVAMericaaingliih (Maoken and Barton .1977).

-,

Because VOT hact"likewlse.been Shown:..to reliably distingutsh English

voiced ('short lag'Y stop phonemes from voiceless. ('long lag' or aspirated)

phonemes, we had made a similar-hyPothesis regarding develOpmental changessip-VOT-

. in the speeth of Children acquiring English-an hypothesis tqat was proven valid.. ,

In- the English longitudinal stedy,*the_children did prodress in stages from

initially undifferentiated productions of phonemically voiced and voiceless'stops

toward productions with VOT value& similar to those reported'by,.Lisker and

Abramson,1964.. for adult speakers. of English. Moreover, the ohoice:of VOT as,the

-unit of analysit proved to be particularly valuable in that the analysis of VOt

.provided evidencefthat the thildren were-making systematic .contrasts betweetr

voiced and voiceless phonemes even at an early.stage when both tets Of phonemeS ,;,

were produced as short lag stops--in other words, precisely in the stage in which

all,their stop productions would have been labelled.Woiced' by adult speakers of %

English, 'Our English-learning subjects wero mak.ing VOT contrasts between adult

voiced' and voiceless phonemes well before the ade-of two-Years,ano were. producing.

relativelY, addlt-like short lag versus long lag contrasts by Age .1;0 to 2;6.

(Macken and Barton 1977.) Zlatin and Koenigsknecht 1976e Gilbert 1977 and Bartoh

and Macken 1978 .also found that .English-leyning -children produce relatively

adult-like voicing in stop& before age 4;0. ,\ i
.

Given that the typical phonological descriptions of Spanish set up the

stops-/bdg/ as the systematic phonemes with', the spirant allophones derived from

the storis by rule, we further'hypOthesized that children would amilre 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, a

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 receiving

from adults, in.that.the stop allophones ay occur in any ivord-initial position in

-careful or andante.sPeech and that adult, s4ech.to children is typically careful
J '

and slow. The results of the splrantization analysis support the hypothesis that

children acquiring Spanish produce the stop phones-ben:We learning to.produce the

spirantS.. This finding is not particularly, surprising, acaust, children ingf.-

general typically produce stops weltbefore using fricatives; however, continuant'

phOnes such as glides often appear among the earliest sounds produced.by chtldren

acquiring a wide .variety of languages. We also found that, in fact, the'

allophonic diSItribution rule is not learned until aftet;,..etta\two-and. even at pge

four children have not mastered the presumed adult.distribution pattern. Contrary

to expectations based on adult detcriptions of Spanish, the:phonetic feature

[continuantl,.-rather than voice onset timeproved to be most :useful in

determining the acquisition process 'for the Spanish phonological feature of

voicing:. in fact, the'children learfted the supposedly redundant feature before

the feature claimed to.be distinctive.

A
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I
Irt both Our English and Spanish.studik the chitdren:initially produce

most s9ps. with.shortlag voicing (cf. Jakobson 194111968 Con the early'i., excrusive '

.

Use of voiceless, unespirated Stops nd the similar claim of XeWleYrPA'and

Preston 1974 on the priority of Short- lag stop* Thut, Our fiest 'question 154

why dO Spanish-learning children acquire -lead' voicing:-andvto this extent, the

Spanish voiciog contrestrsprrarently after ege .four Awhile. English-learning-

eifik

'children acquire.'long 1W/stopsand thui the .English voicift about:.

2Y .'6)7 -Ode'postible explanation ia- that lead voicino ts inherentl difficult to

produce or at least -more difficult.to learn than long.lag (i.e. asOiration).

Although me 'know of no VOT afclirisition studies that would address this tssue,

Srivastava 1974 reports on one child's acquisition of Hindi--a ladguage that also .

contains.' lead,voicing.as"put of its voicing system. This child first osedthe

J voiceless unaspirated (thorPlag) steps (at lil) and next acquired the prevoited

(i.e. lead) Hindi stops (1;4). '. NOf untfl 2;0-diad the voiceless aspirates (i.e.

long lag) -and voiced aspirates appear.- The data from this Hindilearning chfld .

appear to counter an argument for the _late'acquisition of.Spanish voiced'stopt ,.

based dn-an inherent difficulty of lead voicing.

-It may befthat the Spanish spiraritizatton rule is the source /of the

problem. Why this should be the case 11.not,Clear. Because adults sometimes

'produce.; for example, bola with an initial stop.And sometimes with an initial

spirant (depending on .Context 4nd speech'style),- children may encounter.difficulty
,........

` learnidg the +/-continuant feature and'the rules for distribution. But, if we

assume that edults,consistently if 4tiuco the stop allophones with lead voicing: the

jearning...of'VOT should be relatively independent of theAffects of en input-thipt

As variable with regard to the.presence of absence of continuancy. An independent-

factor that may complicate the adqutsitton oUvoicod /d/ and /g/ phones_ is the

re.lative infrequency of words beginning with these phonemes in the children's-

,
vocabulary (see Tabls 8). To resolve this i16ssue, research, must be done with .-

children acquiring a anguage that has a VOT/voicing contrast simiJar to that in
. .

Spanish but does not have a spiran04-aation rule' or extreme asymmetries in the

distribution of stop phonemea. ,

An alternative approach to this problervis to inquire why the Spanjsh-

learning children acquire the supposedly redundant continuant feature. early.

Althoughspirant phones are more common than stop phones in adult corpora, we

originally hypoOesiied that in ,adult-to-child speech, stop phottS would atleast

occur more frequently tharyethey occUr ln other adult contexts. frowever', we noted

that during.the V-ecordinvsessions 'Our experimenters produced spirant phones in

absolute utterande-initial 'position. Subsequent examination of eighty minutes of

tape recording per experimenter .revaaled that.these adults producedfrom 30% to

40% of all utterance-initial /bdg/ phonemes as spirants. Preliminary analysis of

.
the "olbligatory environment for spirants showed that spirant phones were grodUced.

'in these environments at least 95% of the time. :Working with adult-to-adult

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

stop environments for the Miami Cuban dialect of Spanish (cf. also Timm 1976 on

Chicano Sganish and the discussion of Spanish 4 4 a 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 im the four-year-old data are in' fact

relativelytbadult-like 'and. that, Moreover, the, conventional analyses of adult

Spanish are inc2rAect. If we assume that spirants are more basic to the adult

4
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system, it no longerAs-surprfSing, that it is thelontinuant feature that- is

learned early and before the.V0f feature. --
-

In'conclusion, it appears, on the bests or the,data :from .the two- and

irpur-year-olds,Ahit VOT is not the most critical phonetic feature'unditlying,the

Spanish voiCing.contrast. W11189p 1077) and that the spirants4[M] play a .

more.important role than :would be Wonted iiven their allbakonic status in.most

descriptions-of Spanish phonology. These results raise sev&al- -important issues .

concerning aspects of the °the voicing system.in .Spanish that deserve.' furthe

investigation, specifically the distinguishing:versus redundant features pf the:

Spanish.yoicing conttast and. the distribution of allophones,*in actual peach.

With regard to acquisition issues, our data.show the complex interaction between

phonology and:phonetics during the acqfition Of phonetic:features like, voice.

onset, time. Further. research 'needs, t be done to resolve 'the issue of Alit

learnability of. lead and other VOT/voicing types andmto determipe the riiie that

-allophony.plays during acquisition.
A.

A
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