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The development of differertial vowel duration uas

observed in six children who were tape recorded at 1-month interveals
from 26 to 36 months of age and in three children from 21 to 24
nonths of age. By differential vowel duration is meant the relatively
different duraticns of vowels according to whether the following
consonant is voiced or voiceless, stop or fricative. The children?®s
task was to produce a series of consonant-vowel-consonarnt English
words using ecach of the vowels /I i u/ before one voiceless and one

voiced fricative.

Pour stimulus conditions were used: a visual

stimulus using familiax storybdbk pictures and three sets of
tape-recorded stimuli with the voweld /i/. One set had normal
differential vowel duration, another had abnormal egual vowszl
duration, and the third had four occurrences of each word witii gqraded

vowel durations.

Fesults showed that acquisition of differential

vowel duration preceded control of the voicing feature which
conditions it in adult English. Correct intrinsic vowvel duration was
produced in all responses. This document, Part 1, includes the
intreduction and reports of three stimulus conditions. The report
concludes with Part 2, which can be found in document RE 003 4292,
Tables are included. {(Author/DH)

ERIC

Aruitoxt provided by Eic:



BR S-aalb

ED047928




W, 8, OEPARTMENT OF KEALTK, EDUCATION & WELFARE
OFFICE OF EDUCATION

L)

THIS DOCUMENT HAS BEEN REPRODUCED EXACTLY AS RECEIVED FROM THE
PERSON OR ORGAN'27TINN GRIS'NATING IT. PO'NTS OF VIEW OR OPINIONS
STATED DO NOT NECESSARILY REFRESENT OFFICIAL OFFICE OF EDUCATION
POSITION OR POLICY.

Technical Leport No. 144 (Part 1 of Two Parts)

THE AMERICAN CRILD'S ACQUISITION
OF DIFFERENTIAL VOWEL DURATION

Report from the Project on
Basic Pre-Reading Skills:
Identification and Improvement

By Margaret A. Naeser

Jeanette Johnson Harries, Assistant Professor of Linguistics
Chairman of the Examining Committce

Principal Investigator

Wisconsin Research and Development
Center for Cognitive Learning
The University of Wisconsin
Madison, Wisconsin

LE 003 49/

August, 1970

This Technical Report is a doctoral digsestation repotting tesearch supported by the Wisconsin
Research and Development Centet for Cognitive Leatning. Since it has been spproved by a Uni-
versily Examining Commillee, it has not been revizwed by the Center. It is published by the
Center as a tecord of some of the Center’s activities und as a service (0 the student. The bound
oniginal is in The Dniversity of Wisconsin Memorial Library.

Q  blished by the Wisconsin Rescarch and Development Center for Cognitive Learning, suppotted

E lemI as a tesvatch and dovelopment venter by funds (rom the United States Office of Educat i§n.
fare. The opinions exgessed hetein do not . ecessaurily

s patlment of Hewlth, Education, and Wel ‘
f Education and no officiul endarsement o the Dificn

sefloct the position ot policy of the Office o

Richard L. Venezky, Associate Professor of Computer Sciences and English



NATIONAL EVALUATION COMMITTEE

Samuel Brownell
Professor of Urban Education
Graduate School

Yote University

taunor F. Carter

Senior Vice President on
Technology ond Development

System Development Corporation

Francis §, Chase
Professor

Departinent of Education
University of Chicogo

Henry Chauncey
President
Educationol Festing Service

Martin Deutsch

Director, Instinute for
Developmental Studies

New York Medical College

Jack Edling

Director, Teaching Research
Division

Oregon State System of Higher
Educntion

Elizabeth Koontz

Wage ond lobor Stondards
Adminisiration, US,
Depariment of laber,
Washingten

Roderick McPhees

President
Punchou School, Honolulu

G. Wesley Sowards
Director, Elementary Education
Florida State University

oy AT

Patrick Suppes
Professor

Department of Mathematics
Stanford University

*Benton J. Underwood
Profeisor
Department of Psychology
Northwestern University

RESEARCH AND DEVELOPMENT CENTER POLICY REVIEW BOARD

Leonard Berkowilz
Chairman
Cepartment of Psychology

Archie A. Buchmiller

Deputy Stote Superintendent
Department of Public Instruction

Robert E. Grinder

Chairman

Department of Educational
Psychology

EXECUTIVE COMMITTEE

Edgar F. Borgatla
Britingham Professor of
Sociology

Anne E. Buc anan
Project Specialist
R & D Center

Robin §. Chapman
Reseorch Associote
R & D Center

Russell J. Hosler
Fratessor, Curriculum
ond Instruchon

Clauston Jenkins

Assistant Director

Coord.nating Committee far
Higher Education

Herbert J. Kiausmeier

Director, R & D Center

Professor of Edutational
Psychology

Stephen C. Kieene
Dean, College of
Letters and Science

Donald J. McCarty

Dean
School of Education

fra Sharkansky
Associate Professor of Political
Science

B. Robhert Tabachnick
Chairmar, Deparimeal

of Curriculum ond

(nstruction

Henry C. Weinlick

Execurive Secretory )
Wisconsin Edutation AssoCiotion

M. Crawford Young
Associate Deon
The Graduate Schoel

Robert E. Davidson

Assistant Professor,
Educotiona! Psychology

Frank H. Farley
Associate Professor
Educational Psy:ﬁology

FACULTY OF PRINCIPAL INVESTIGATORS

Vernon L. Allen

Protessor of Psychology

Yed Czajkowski

Assistont Professor of Curticulum
ond Instruction

Robert E. Davidson
Assistant Professor of
Educationcl Psychology

Gary A. Davis
Associate Professor ot
€dcational Psythology

M. Vere DeVault

Professor of Curriculum ond
{astrictian (Mathemotics)

Frank H. farley
Assotiote Professor of Educational
Prychology

Lester §. Golub

tecturer in Cu' iculum and
Instroction ond in English

John G. Harvey

Associate Prohuasor of
Mathematics ond of Curritulum
and Insinuction

Herbert J. Klausmeler

Director, & & D Center
Professor of Edutational
Psychology

Donald Lange
Agsistont Professor of Curnculum
ond Instnxtion

Russell J. Hosler
Professor of Curriculum and
Instruction and cf Business

*Herbert J. Klausmeier
Director, R & O Center
Prolessor of Educational

Psycholegy .

James Moser
Asssrant Professor of Mathematics
Education; Visiting Schotar

Wayne Otto

Professor of Curriculum and
Instruction (Reading}

Milton O. Pella

Profevsor of Curticulum and
Instriction {Sciencej

Thomas A. Romberg

Associare Director, R & O Center
Professor of Mothemotits and of
Cutniculum ond [nstrxtion

8. Robert Tabachnick
Choiimon, Deportment

of Curricvtum ond

Ynstruction

Wayne Otlo
Professo’ of Curiiculum ond
Instruction {Reading)

Robert G. Petzold

Associote Dean of the Schoel
of Education

Professor of Curticulum ond
Instruction and of Muse

Richard L. Venexrky

Assistant Professor of Engkish
ond of Computer Sciences

Alan Voelker

Assisrant Professor of Curriculum
and Instruction

Larry Wilder

Assistont Professor of Curricvtum
ond instruction

Peter Wolff

Assistont Piofessar of Educational
Pyychology

114N AGEMENT COUNCIL

1 J, Klausmeler

]:N, R & O Ceater

Henmon Priofessor of

Educatonal Psychology

Thamas A. Romberg

Astociate Director

James Walter
Director
Duaseminaton Frogram

Dan G. Woolpert

Orrecror
Operalions ond Business



O

ERIC

Aruitoxt provided by Eic:

STATEMENT OF FOCUS

The Wisconsin Research:and Development Center for Cognitive Learn-—
ing focuses on contributing to a better understanding of cognitive learn-
iug by children and youth and to the improvement of related educational
practices. The strategy for research and development is comprehensive.
It includes basic research to generate new knowledge about the conditions
and processes of learning and about the processes of instruction, and
the subsequent development of research-based instructional materials,
many of which are disigned for use by teachers and others for use by
students. These materials are tested and refined in school settings.
Throughout these operations behavioral scientists, currlculum experts,
academic scholars, and school pecple interact, insuring that the results
of Center activities are based soundly on knowledge nf subject matter
and cognitive learning and that they are zpplied to the improvement
of educational practice.

This Technical report is from the Basic Pre-Reading Skills: Identi-
fication and Improvement Project in Program l. General objectives of the
Program ave to generate new knowledge about concept learning and cognitive
skills, to synthesize existing knowledge, and to develop educational mater-
jals suggested by prior activities. Contributing to these Program object-
ives, this project's basic goal is to determine the processes by which
children aged 4 to 7 learn to rcad, examining the development of related
cognitive and language skills, and to identify the specific reasons why
many children fail to learn to read, Later studies will be conducted to
find experimental techniques and tests for optimizing ti.e acquisition of
skills needed for learning to read. By-products of this research program
include methodological innovations in testing paradigms and measurement
procedures; thc present study is an example,

1ii
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Abstract

The development of differential vowel duration was observed in six

" children who were tape recorded at one-month intervals from 26 to 36
months of age, and in three children from 21 to 24 months of age. By
differential vowel dqfation is meant the relatively different durations
of vowels according "to whether the following consonant ie voiced or voice-
less, stop or fricative (apart from intrinsic duration of the different
vowels). The children's task was to produce a series of CVC English
words using each of the vowels /I i u/ before one vojceless and one voiced
fricative. Four stimulus conditions were used: 1) A visual stimulus,
usine familiar story-book pictures, and 2-4) three sets of tape recorded
stimuli with the vowel /i/: one set had normal differential vowel dure-
tion, another had abnormal equal vowel duration, and the third had four
occurrences of each word with graded vowel durations.

The children's responses were tape recorded in a sound-treated booth,
and acoustic displays were made of their attempts to reproduce the stim—
ulus words. Vowel duration measurements were made on duplex oscillograms;
productions of the final consonants were transcrited by three linguists.

3 /
J Results showed that acquisition of differential vowel duration pre-
ceded control of the voicing feature which conditions it in adult English.
Since there were very few mistakes in manner of articulation of the final
consopants 1t was not possible to determina whether its control preceded
that of differential vowel duration. Correct intrinsic vowel duration
was produced in all responses. 7/

Some inferences were madc from the results regarding development of
differential vowel duration and control of voicing of final consonants.,
Variations in responses under the four types of stimuli used, and indiv-
idual varjations between one child whose parent cvidenced distinct dia-
lect differences (black dialect), and the other eight children (white
dialect), pernitted the positing of three stages Iin the acquisition of
differential vowel duration i{n American Fnglish in relation to the voic-
ing of final consonants. 1In the first stage, the child imitates the
adult's differential vowel duration very well and prcduces it correctly
regardless of the final consonant. He does not have control of vcicing
of final consonants in the majority of his CVC utterances. As the child
gains control of final consonant voicing in the rajority of his CVC utter-
ances (second stage}, voiced final consonants become assoclated with in-
creased vowel duration., 1In this stage, a voiced final consonant would be
his cue to produce a lcnger vowel, rather than direct imitatioa of the
vowel. In the third stage, which may perhaps be simultaneous with the
second, or occur later, the child makes the reverse association, increased

Q rowel duration vith voiced final consonants, which eventually permits in-
[FR]( reased vowel duration to act as a sufficicat cue to the perception of
oy oiced final consonants. ?1
od
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Chapter 1

INTRODUCTICN

This study investigated the acquisition of differential vowel
duration in American children from 21 monthks to 36 months of age. By
differential vowel duration is meant the relatiQely different durations
of vowels produce : before different final consonants. Tn adult English
the vowel durations differ as the final consonants differ in 1) Yoir!nn
(voiceless or voiced)1 and 2) wanner of articulation (stop or fricative).
This 1s also characteristic of certain other languages.z A
number of phonetic studies of American English with adult speakers
over the past twenty years hav: established that, other things being
equal, a vowel is longer befor: a syllable-final voiced consonant than
a voiceless cousonant, and longer before a final fricative consonant
than a stop consonant.3 This differential duration associated with
the voicing and manner of articulation of the following consonant is
quite independent of the i{ntrinsic duration ciaracteristic of ecach
vowel, also repurted in these previous studies,

Since differential vowel duraticn for adults is predictable in
ternus of the‘phonological environment, it is appropriately treated as
non-p nraic in the phonology of American LCnglish. This does not pre-
clude the possibility, however, of its functioning as a phonemic feature

at some stage in the developmeit of a child learning Inglish as liis
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first language. Nor does its non-phonemic status in adult English bear
on the question of wiiether differential vowel duration is physiolog-
ically conditionedd (hence, possibly a plonetic universal), or learaed?
(hence, language specific). Pertinent to bothh of these points is
information about the stages of language development in children learn-
ing American English as their first language, including specifically
the relative order of acquisitisn of differential vowel duraiionversus
the features which are said to condition it in adult English.

Child language development studies have shouwn that the first
stage in the development of a child's phonological system comes with
the consonant and vowel contrast.ﬁNinety ~four percent of tue utter-
ances of children at 13 nonths of age consist of open syllables (CV or
CVCV).7 Studies on the development of the feature of voicing of con-
conants nave shown tuat control of production of voiceless consonants
precedes that for voiced consonants, and studies on the development of
tlic feature of manner of Articulation of consonants have siiown that

8 Con-

control of production of stops precedes that for fricatives.
sonanés are used only initial}y and medially in the Inglish syllabic
system during the first year of language acquisition, and it is not
unt {1 the sccond year that they are actually produced finally.9

To date, tiwcre is very little known about the development in child
language of noan-plonemic features of adult language, such as differential

' . 10
vowel duration.

There are 2 instances nentioned in the literature,
however, wherce vovel Juration did function phonemically. Leopold
(1939-49) writes that Lis daughter, Hildegard, at age 2, used vowel

lengtin to distinguish between "walk'" {wask! ard "fork" ([watk]l. Velten



(1943) reports that his daughter, Joan, at age 2, used vowel length
to distinguish between 'beat” /put/ and "bead" /pu:t/.

Given that children produce CV syllables from 13 months on, but
not CVC syllables until possibly 24 months, and that control of voic-
ing and manner of articulation of consonants is not simultaneous, it
seemed likely tliat the CVC utterances of children in a longitudinal
study from 21 to 34 months of age would give some insight into the
acguisition process of differential vowel duration in relation to the
features said to condition it in adult speech {voicing and manner of
articulation of final conconants), especially if the latter were not
fully controlled at the time of the accuisition of the former.

Since Jakobson's writinss in 1941, the notion has been accepted
that a child acquires his phonological system in a non-random, pat-
terned way. 1 did not undertate a full ohonemic analysis
of the language system of each individual child, but rather looked in

considerable detail at the acquisition process of differential vowel

duration. ILesults should be relevant to studies of the patterning

of language acquisition,
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FOOTNOTES (Chapter 1)
Throughout the paper, the voicing opposition of consonmant classes
is labeled voiceless/voiced, although it has béen referred to
elsewhere as tense/lax (Jakobson et al., 1969; Choﬁsky and Halle,
1968) or fortislllenis (Malécot, 1970). The voiceless/voiced label
was chosen because it refers directly to the vibrétion of the
vocal cords and the acoustic representation of this periodicity
was very important in the identification of voiced consonants
in acoustic displays of CVC words.
The prcsence of conditioned differential vowel duratien in
Spanish was reported gy Zimmerman and Sapon, 1957, and criticized
by Delattre, 1962, Vowel duration in English, German, Spanish
and French was alsn discussed by Delattre, 1965.
An early study on the influence of final consonants on the
duration of preceding vowels was reported by House and
Fairbanks, 1953, Vowel duration before voiceless consonants
was reported to be 66% of that before voiced corsonants, sumued
across all vowels., Vowels were always relatively shorter hefore
stops than beiore fricetives, but no fixed ratio was established.
The possibility of differential vowel duration being physiolog-
ically conditioned has been suggested by Stevens (personal
cormunication, De.ember 30, 1968).
The possibility of differential vowel duration in Fnglish
being basically learned has been suggested by Lehiste

(personal communication, December 14, 196§).
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FOOTNOTES continued (Chapter 1)
This initial contrast of consonant versus vowel is a
universal first stage in child language acquisition
(Jakobson, 1941).
This was generally the case for children studied from
13 to 18 months of age, Winitz and Irwin, 1958.
This was shown for English by studies done by Irwim, 1947;
Albright and Albright, 1956; Weir , 1962; Ervin and Miller, 1963}
and Moskowitz, 1970. The same was reported for Russian by
Shvachkin, 1948; and for Japanese as well as English, by
Menyuk, 1968. |
Studies on consonantal position in the early stages of child
language development have been reported by Irwin, 1951 and 1958.
There have been some studies on the development of supra-
segmentals in infant speech which indicate that stress and
intonation are very important relatively early in the language
acquisition process (Pike, 1949). Lewis (1951) speculates
that intonational rather than phonetic form may dominate in
a child's response, in a certain stage pri-r to his complete
control of the phonetic form. Blasdell and Jensen (1970)
have experimented with stress patterns in imitation tasks
with 28 to 39 month old children and have found that they
learned the stressed words faster. Duration was not controlled
in these experiments, however, only fundamental frequency and

amplitude. Stress and intonation patterns are carried hy
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FOOTNOTES continued (Chapter 1)
the fundamental ftequency,>amp1itude and duration of
the vocalic segments of speech. Thus, there is a
gcod p;ssibility that on the basis of results from
these types of sfudies, one might predict good at;entiveness
to, and close production of, differential vowel duration

at a very early stage in child language development.
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Chapter 2
FIRST STUDY; VOWEL DURATION IN CHILDREN'S

RESPONSES ELICITED VITH A PICTURE STORY

INTRODUCTION

This study investigated the development of Product .on of correct
differential vowel duration in utterances elicited with a picture story.
The main question asked was the following: At what age does production
of correct differential vowel duration emerge? A pilot study with 3
subjects showed that correct differential vowel duration was produced
by children 36 months of age. To study the developmental process in
depth, two groups of children were chosen for longitudinal study. The
first group was recorded over 10 monthly sessions from approximately
26 to 36 wonths of age. The need for a second, younger, group of chil-
dren became apparent when it was discovered that some development had
already takaa place prior to the age of 26 months. the second grcup was
recorded over a 3-nonth period from approximately 22 to 24 months of
age.

The study of longitudinal development tras éwo-fold. It involved
1) the study of the development of control of manner and voicing of the
final consonant in a CVC word, and 2) the study of the development of
differential vowel duratfion in relation to 1). Since it was entirely
possible that correct differential vowel duration could be produced

regardless of the nature of, or even occurreace of, the final consonant,
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all response3 were examined closely, even those in which no final
consonant was produced. 1I.e. the study sought to determine at what

age children produce correctly 1) voicing of final stops, 2) voicing
of final fricatives, and 3) manner of articulation of final stops

and fricatives; and whether each of these precedes or follows
production of correct differential yowel duration. The study also
sought to determine at what age-children produce correct differential
intrinsic vowel duration. EVidence.of control of differential vowel
duration and the voicing and manner of articulation of final consonants
is based on tape recordings of thg children's speech which were

analyzed acoustically; no physiological testing was done.
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Because of the limit of a child's attention span, only 3 vowels
were chosen for study. They represented the tense/lax contrast and
the front/back congrast. The vowels chosen were the following: the
close lax £ront vowel /i/, of short intrinsic duration, the close tense
front vowel /i/ of medium intrinsic duration and the close tense back
vowel /u/ also of medium intrirsic duration. For average iuntrinsic
duvration values see Table 1.

Twelve common C(C)VC words each containing a vowel followed by a
voiceless stop consonant, a voiced stop consonant, a voiceless frica-
tive consunant or a voiced fricative consonant were chosen. The words

used were the following:

For the vowel /1/ For the vowel /i/ For the vowel /u/
/stik/ "stick" /fit/ "feet" /but/ "boot"
/bIb/  "bib" /sid/ "seed" /fud/ "food"
/kis/ “kies" /tie/ “teeth" /gu /] "goose"
/hiz/ "his" /piz/ 'peas" Afuz/ "shoes"

A short story entitled The Scary Goose Story utilizing the above

words was written.l The order of the words followed the story line
rather than any particular order of vowel duration. The format of the
story required the subject to complete a sentence by saying the word
which was pictured. For example, the first sentence was, 'Here's George
Brown, and on his foot he's wearing only one black...(boot).” There

was a picture of a boy wearing only one black boot. Two versicns of

the story were written. 1In the first version of the story, which was
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Table 1 :
Intrinsi¢ vowel duration (msec) of selected vowels
in four studies of American English

Close lax Close tense Close tense
vuwel /1/ - vewel /i/ - vowel /u/

House and " not studied 199 195
Fairbanks, .

(1953), p. 111

10 speakers

12 CVC words

Peterson and : 161 207 235
Lehiste,

 (1960), p. 702

5 speakers
30 cvC words

House, . . 168 216 216
(1961), p. 1176

3 speakers

14 CVC words

Naeser, 162 199 199
(1970b),

8 speakers

16 CVC words

Mean 164 205 211



O

ERIC

Aruitoxt provided by Eic:

10

used with the first group of children, the word /hilz/ was used for the
lax vowel /1/ followed by a voiced fricative. This possessive morpheme,
however, caused some difficultylin eliciting responses from the children.
Later, in the seco%d version of the story, which was used with the sec-
ond, founger group of children, the substantive morpheme /blz/, a then
new laundry product on the market, was substituted for /hlz/. See

Appendix A for both versions of The Scary Goose Story. Several copiles

of the story were made so that each child had his own book.

SUBJECTS

" Group 1

Criteria for accepting a child into this group were the
following:

i. The child was approximately 25 months of age.

2. The child wes at least at "the naming stage" in
language development {(i.e. he was able Lo name objects spontaneously).

3. No other language besides American English was spoken in
the home. |

Six children, 3 male {(white), 3 female (white), were chosen fo.
this 10 monthk study. Their mean age at the beginning of the study
was 25.2 months. Al) of the male and one of the females had 1 or more
~1der siblings. The childrea were from upper middle class families
living in Madiosn, Wisconsin.
Group 2

Criteria for accepting a8 child into this group were the same
as above except for the following:

1. The child was approximately 22 months of age.

2. The child was in the stage of phonological development where
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he sometimes substituted voiceless final consonants for voiced final

consonants.

Three childreh, 2 male (white), l‘female (black) were chosen for

this 3-month stﬁdy. One‘of the males énd the female had 1 or more older

‘ sibling§.> The childreﬁ Qere’from.upper middle class families living in
Madison, Wisconsin. The parents of the white subjects were from the

upper Midwest; the parents of the black subject were from Louisiana.

PROCEDURE

Ea .y child practiced saying the words for the picture story with
his parents at home. Then, a parent of each child accompanied him to
the Department of Linguistics Pronetics Laboratory each month. During
the monthly recording session, the child spontaneously uttered the
words in the story as he read through it with his mother or the experi-
menter. Children in Group 1 read through the story twice each month
for 10 months} those in Group 2 read through the story 4 times in each
of the two recording sessions for that group. As each child was also
taking part in a vowel duration study investigating utterances elicited
with a stimulus tape, each recording session took from ! to 1 hour.
There were frequent play periods in between the actual recording periods,
however, to keep the child happy and interested. Most recording sessions
were in the early morning.

Recording was done in a sound-treated booth where the child, the
mother and the experimenter sat at a table. An Altec microphone (Model
684 B) was used with a Shure microphone mixer (Model M68) for necessary
amplification in recording. Recording was done at 7% i.p.s. on 1% mil

1 175 Tenzar Scotch magnetic recording tape on a Sony tape recorder (Model
©

[E [(:‘ TC-777-4). For a schematic diagram of the recording procedure, sce Fip. 1.
P e
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Sound-Treated Booth

Table

L
Microphone Tape
Mider /Amplifiet Recorder

Microphone Lﬂ

ﬁ;:;;;] |Ch11d I [E;perimente;]

Fig. 1 Schematic diagram for recording utterances elicited
with @ plcture story at the Department of Linguistics

Phonetics Laboratory

34

12
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During the first 5 months of the study for Group 1, it was found
that any toyé in the sound-treated booth severely distracted the child
from the stéry and had to be removed. During the last 5 months, a toy
: monkey inside the booth was helpful in maintaining the child's attention
and interest. Being allowed to play with it after the story was completed
was a welcome reward for these children fron 31-36 months of age. No
toys of any kind were allowed in the booth with the children in Group 2.
A parent of each child was recorded under the same conditions over

a >month period. Each parent read through the story twice each month.

; Acoustic Analysis of Responses

Duplex oscillograms were produced for vowel duration measurements
for the response utterances. For a detailed explanation of production
and segmertation of duplex oscillograms, see Appendix B.

The duplex oscillograms were segmented and a first transcription
of the response utterances was done by the author. Two transcription
checks were then done by two other linguists.

Responses were not counted which were subjectively judged by the
transcribers to be too loud or too soft. Also, responses were counted
only when the child uttered the word for the picture by himself. If the
mother or the experimenter had to say the word first, then the child
repeated it, the response was not counted.

The vowel duration values for each response utterance were then
coded for computer analysis of data reduction. The class of the final

o response consonant - voiceless stop, voiced stop, voiceless fricative,

[E l(: voiced fricative, voiceless affricate, voiced affricate, nasal, open
o e ‘
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¢yllable - was coded with each vowel duration value.

RESULTS AUD DISCUSSION

SCORING OF VOWEL DURATION DATA

The vowel durations produced by the children were scored in 5
ways. Mean vowel duration values were computed according to the
stimulus consonant, the response consonant, and the éorrectness or
incorrectness of the‘child's response consonant, in the following
combinations:

All response consonants as a function of the stimulus

Scoring procedure type 1 used mean vowel duration values

from the response utterances obtained for a given stimulus word,
whether the final response consonant produced was correct or

. 2

incorrect.

Response ccnsonants as a function of the response

Scoring procedure type 2 used mean vowel duration values only when

the final response consonant produced was a voiceless stop, a voiced
stop, a voiceless fricative, or a voiced fricative, whether it was

3
a correct or an incorveck re oor.2. Type 2 thus had both correct and
incorrect responses counted as a functfon o’ the response consonant

actually produced in the computation of mean vowel duration values.

All correct response consonants

Scoring procedure type 3 used mean vowel duration values only from

response utterances where the final response consonant was produced
correctly.

Incorrect response consonants as a function of the stimulus

Scoring procedure type 4 used mean vowel duration values only

from response utterances where the final response consonant was
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produced incorrectly, regardless of the nature of the incorrect
production, and the values were scored as a furction of the stimulus

consonant.

Incorrect response consonants as a function of the response

Scoring procedure type 3 used mean vowel duration values computed
from the incorrect response utterances in which the final response
consonant was either a voiceless stop, a voiced stop, a voiceless
fricative, or a voiced fricative (a subset of the incorrect responses
in Type 4). These responses were then counted as a function of the

response consonant in the computation of mean vowel duration values.

Response utterances from the 9 children from the 2 groups in
this longitudinal study were separated into 5 groupings based on age

and recording sessicn number, in the following way:

Recording Mean No. of Group
Session No. Age (mo.) Children No.
1 22 3 2
3 24 3 2
1-3 27 6 1
4-6 30 6 1
7-10 34 6 1

Responses for each child are listed with vowel durations and final
response consonants produced in Appendix C.

DESCRIPTIVE ANALYSIS OF RESULTS

The ages at which the children correctiy produced 1) voicing of
final stops, 2) voicing of final fricatives and 3) manner of articulation

of final stops and fricatives and the ages at which the children
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prnduced correcf differential vowel duration are given below. The
development of correct intrinsic vowel duration is also discussed.

. Development of the differential vowel duration for each of the 3 vowels
is treated separately because physiologically each is produced
differently, As previously mentioned, they represent the tense/lex
and front/back contrasts. It is important to know if differential
vowel duration develops with the same pattern for all 3 vowels or if
it appears later with ﬁhe tense vowels or the back vowel than with
the lax vowel or front vowels,

Vowel duration in relation to voicing of final stops

Final stops after /I/. Table 2 shows that the children pro-

duced the final voiceless stop (bere /k/) with 0% error from the mean
age of 22 months on. This table also shows, however, that with respect
to voicing, the chiidren at the mean age of 22 months produced the voiced
stop (here /b/) with 50% error. The error rate here decreased with
increasing age until 34 months where there was only a 2% error rate.
Scoring procedu.e type 1 on Table 3 and Fig. 2 shows, however,
that despite the incorrect production of final voiced stops, correct
differential vowel duration was produced continuously from the mean
age of 22 months, when vowel duration before voiceless stops was 49%
of that before voiced stops. At the mean age of 34 months, vowel dura-
tion before voiceless stops was 63% of that before voiced stops. The
same pattern was also seen in scoring procedure types 2 and 3.
The actual response cousonants which were substituted for the

stimulus voiced stop /b/ are shown in Table 2. Throughcut all &ege groups,

ERIC

38




Table 2 17
First study, children's responses to picture stimuli.
Incorrect response consonants and missing responses
for /1/, /i/, /u/ Dbefore stops

Sess, Mean /stik/ /bIb/ [fit/ [sid/ [but/ /[fud/
No. Age(moy vl.st. Vd.st, Vl.,st. Vd.st. V1,st. Vd.st.
1 22 Inc. resp. cons. 0 6/p/ 1/ts/ 6/t/ 0 6/t/
No. inc. resps. O 6 1 6 0 6
% inc. resps. 0% 50% 8% 50% 0% 50%
No. missing resps.0 1 0 0 0 0
% missing resps. 0% 8% 0% 0% 0% 0%
3 24 Inc. resp. cons. 0 4/p/ 0 4/t 0 4/t/
No. inc, resps. 0 [A 0 4 0 A
% inc. resps. 0% 33% 0% 33% 0% 33%
No. wmissing resps.0 0 0 0 0 0
% missing resps. 0% 0% 0% 0% 0% 0%
-3 27 Inc, resp. cons. O 9/p/ 3/ts! /el 0 8/t/
2/m/ 1/d/ 1/dz/ 2/n/
: : 1/t/ 1/¢/ 1/dz/
No. inc. resps. O 12 4 9 0 11
* % inc. resps. . 0% 337 " 11% 25% 0% 30%
No. missing resps.5 4 7 5 5 6
% missing resps. 13% 117 197  13% 13% 167
4-6 30 Inc. resp. cons. 9 3/ 3/ts/! 4/tl 0 1/t/
2/m/ 1/ts/
R/ 7
No. inc. resps. O 5 3 3 0 1
% inc. resps. 0% 13% 8% 167 0% 2%,
No. missing resps.0 2 2 2 3 2
% missing resps. 8% 5% 5% 5% 8% 5%
7-10 34 Inc. resp. cons, O 4/p/ 1l/ts/ t/t/ o 3/¢/
/m/
No. inc. resps. 0 % 1 i 6 — 3
% inc. resps. 0% 27, 2% 2% 0% 67
No, missing resps.40 8 9 11 10 9

% missing resps. 20% 16% 187% 22%, 20% 18%

ERIC

Aruitoxt provided by Eic:



Table 3 18
First study, children's responses to picture stimuli. Mean vowel
duration (msec) and duration ratio for /I/ before stops in /stlk/, /bIb/,
as a function of children's age.

Type 1 Type 2 lype 3 Type 4 Type 5
All resp. Response  All correct Inc R Inc R
Sess Child Age cons/stim cons/resp resp cons cons/S cons/R

No. No. (mo) V1. Vvd. Rat. V1. Vd. Rat. V1. Vd. Rat. V1. vd. V1. Vd.

1 7 24 144 275 .52 144 275 .52 144 275 .52 —c= cme mme ——-
1 8 21 160 281 .57 220 - —-- 160 ~-— --- --- 281 281 ---
1 9 21 92238 .39 133 262 .51 92 262 .35 -== 215 215 ---
I “Mean 22 137 265 .49 186 268 .61 132 268 .49 --- 248 248 ——= _
3 7 26 182235 .78 182 235 .78 182 235 .78 --m - —ee -
3 8 23 205340 .60 272 --- ——- 205 —-- --- -=- 340 340 ---
3 9 23 95218 .43 95218 .43 95218 .43 —on —mm —oc —--
3 Mean 24 160 J64 .60 187 226 .80 160 226 .70 --- 340 34U -—= _
1-3 1 27.6 162 342 .47 188 448 .41 162 448 .36 =--- 290 322 ---
1-3 2 28.5 151 310 .48 151 310 .48 151 310 .48 —oc =om - —o-
1-3 3 25 136 418 .32 136 418 .32 136 418 .32 -—on ccm —oe ——-
1-3 4 25.6 110 222 .49 166 --= --- 110 --- --- ——— 222 222 ---
1-3 5 27.6 195 199 .97 186 161 115 155 161 121 --- 275 275 --..
1-3 6 28 170 252 .67 170 25° .67 170 252 .67 === ==n === ===
T-3 Mean 27 154 290 .53 166 318 .52 154 318 48 -—- 262 273 ——-

46 1 31.% 135 188 .71 135 188 .71 135 188 .71 =—-= m-e —ce -u-
4-6 2 31 153 224 .68 153 224 .68 153 224 .68 am= oo ccm oo
4-6 3 29 110 190 .57 110 190 .57 110 190 .57 =cv —c- =ce —a-
4-6 4 29 140 269 .52 173 310 .55 140 310 .45 --= 234 234 —--
2—2 5 gi-S 203 276 .73 203 276 .73 203 276 .73 —-m —om m-m oo

. _.b____. 138 226 .61 139 259 .53 139 259 .53 -z= —oo =wo mee
46 Mean 30.7 146 228 .64 152 241 .63 146 24) .60 --- 23% 234 ---
7-10 1 34.5 135 298 .45 140 326 .42 135 326 .41 =--- 190 212 -—
7-10 2 34.5 136 174 .78 136 174 .78 136 174 .78 =ev ace ece oo
7-10 3 32.5 114 242 .47 114 256 .44 114 256 .b& —ee 215 —ae =e-
7-10 4 31.5 231 298 .77 231 298 .77 231 298 .77 —ev o= —ac --a
7-10 5 34.5 244 355 .68 260 346 ,75 244 346 .70 --- 380 380 ---
7-10 6 34.5 100 168 .59 100 168 .59 100 168 .59 -== == oo oo
7-10 Mn. 33.9 160 256 .63 164 261 .62 _ 160 261 .61 _ -=— 262 296 -=- __

Parent No.

1-3 7 142 257 .55

1-3 8 178 334 .53

1-3 v 187 238 .78

1-3 1 124 198 .52

1-3 2 108 195 .56

1-3 3 122 162 .75

1-3 4 112 212 .53

1-3 5 108 176 .62

1-3 6 1146216 .53
T3 ¥éan T T T T 777132 220 .6
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the most common substitution was the voiceless stop /p/ with 26 occur-
rences, then /m/ with 5 occurrences.’
Scoring procedure type 4 on Table 3 and Fig. 2 shows mean vowel
duration before all the consonants which were used incorrectly for the
stimulus voiced stop /b/. At 22 months the mean vowel duration before
response cousonants substituted incorrectly for /b/ (Type 4) was 248
msec (all following durations are given in msec) and the mean vowel
duration before voiced stops produced correctly (Type 3) was 268.
This is only a 20 msec difference. (The mean vowel duration before
voiceless stops produced correctly was 132, a 116 msec difference.)
Thus, Type 4 showed that the voiceless stops which were gubstituted for
the voiced stop /b/; at 22 months, were used with correct increased
vowel duration appropriate for the stimulus consonant, not the final
response consonant, The same pattern was true for the other age groups.
These findings are further substantiated by scoring procedure type 5.
Type 5, on Table 3 and Fig. 2, shows the mean vowel duration for
the incorrectly used response consonants. At 22 months, the r2an vowel
duration before the incorrectly used voiceless stops (Type 5) was 248
(here, the same as Type 4) and the mean vowel duration before the
correctly used voiceless stops (Type 3) was 132, This 116 msec difference
shows that the children did not produce the corrent increased vowel dura-~
tion appropriate for the final response consonant, but rather they pro-
duced the correct increased vowel duration for the original stimulus
consonant.,

Fig. 3 compares the mean vowel durations for /I/ before correctly

O
[E l(:‘ used voiceless and voiced stops (Type 3), with mean vowel durations

Aruitoxt provided by Eic:
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before voiceless stops substituted for the voiced stop /b/ (Type 5).
This graph shows'clearly chat for all age groups the vowels produced
with voiceless stops which were subgtituted for the voiced stop were
much ¢loser in mean duration to those used with the éorreccly produced
voiced stops than to those used with the correctly produced voiceless
stops. fhus; in summary, for the vowel /I/ before final stops, the
vowel duration was usually appropriate for the final gtimulug consonant
regardless of the nature of the final résponse consonant.

Scoring procedure typés 4 and 5 will not be discussed in detail in
this chapter for the remaining vowels in the remsining consonant environ-~
ments because the same genergl pattern which occurred with the vowel /1/
before stops. repeats itself with /1/ and /u/ before stops as well as
fricatives. A detailed discussion of the vowel durations produced with
incorrect consonant substitutions (Types 4 and 5) is in Appendix D.

Final stops after /i/. Table 2 shows that regarding production of

tha final voiceless stop (nere /t/) there were error rates which ranged
from 117 at 27 months to 2% at 34 months. A similar decreasing error
rate was seen‘for the voiced stop (/d/) with 50% error at 22 months and
2% at 34 months.

Scoring procedure type 1 on Table 4 and Fig. 4 shows, however, that
despite the incorrect production of some of the final stops, correct
differential vowel duration was produced continuously from the mean age
of 22 wonths, where vowel duration before voiceless stops was' 52% of
that before voiced stops; At 34 months the vowel duration before voice-
less stops was 651 of that before voiced stops. The same pattern was

ERIC
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Table 4
First study, children's vesponses to picture stimuli. Mean vowel 23
duration {(msec) and duration ratio for /i/ before stops in /fit/, /sid/,
as a function of children's age

Type 1 Type 2 Type 3 Type 4 Type 5
All resp. Response All correct Inc R Inc R
Sess Child Age cons/stim cons/resp resp cons cons/S cons/R

No. No. (mo) vl. Vd. Rat. V1. Vd. Rat, V1. Vd. Rat. V1. Vd. V1. Vd.

1 7 24 195 388 .50 195 338 .50 195 388 .50 —-= —-- —me ——-
1 8 21 215 338 .64 262 —-- —=- 215 -—= ——- -=- 338 286 ---
1 9 21 128 315 .41 204 322 ,63 135 322 .42 110 308 308 ---
T Mcan 22 180 346 .52 220 355 .61 182 355 .50 110 322 297 —--

3 7 26 208 308 .67 208 308 .67 208 308 ,67 === =m= =-= --=
3 8 23 508 588 .87 496 —w- —-- 508 —-= --- --- 588 489 ---
3 9 23 201 496 .41 201 496 .41 201 496 4l —oc —oe = =-=
3 Mean 24 306 464 .65 302 402 .74 306 402 .76 --- 588 489 ---
1-3 1 27.6 248 338 .73 248 355 .69 248 355 .69 --= 435 ——c ---
1-3 2 28.5 258 491 .52 =~-= 462 -== --= 532 ——= 258 475 =-= ---
1-3 3 25 192 348 .55 192 348 .55 192 348 .55 -~-- —-m —-e ---
1-3 4 25.6 250 310 .80 256 325 .78 250 325 .76 --- 328 318 ---
1-3 5 27.6 274 414 .66 308 318 .96 274 318 .86 --- 462 410 ---
1-3 6 28 222 326 .68 218 326 .66 138 226 .61 210 —wm —w- -—=
T3 Mcan 27 240 371 .64 244 356 .68 220 350 .62 234 425 364 ---
4-6 1 31.5 155 275 .56 208 315 .66 140 315 .44 166 270 248 ---
4-6 2 31 158 284 .55 158 284 .55 158 284 .55 —-n —ee oo ---
4-6 3 29 176 662 .26 176 559 .31 176 559 .31 ---1210 ——- -—-
4-6 4 29 250 310 .80 283 328 .72 268 328 .81 --- 442 344 ---
4-6 5 31.5 186 265 .70 185 265 .69 186 265 .70 === —-- —o ---
4-6 6 31 222 326 .68 152 455 .33_ 152 455 .33 —-= o oo ---
%4-6 Mean 30,2 191 354 .53 194 368 .52 180 368 .48 166 640 296 —--
7-10 1 34,5 245 390 .62 204 390 .52 204 390 .52 470 --= --- ---
7-10 2 34.5 258 491 .52 158 271 .58 158 271 .58 =-- —=— ——c -—-
7-10 3 32.5 172 460 .37 180 481 .37 172 481 .35 --- 270 270 ---
7-10 &4 31.5 296 364 .81 296 364 .8l 296 364 .8l ~-= —oc ~oo —--
7-10 5 34.5 336 434 .77 336 434 .77 336 434 77 --- eoe mee ae-

7-10 6 34.5 308 408 .75 308 408 .75 308 408 .75 --= --= ——oc -==
zgﬁiﬁﬁri‘ffﬁi 269 424 .63 247 391 .63 246 391 .67 470 270 270 ---

Parent No.

1-3 ' 190 392 ,51
1-3 8 230 448 .51
-3 9 203 312 .65
-3 1 159 219 .73
1-3 2 174 295 .59
1-3 3 162 232 .70
1-3 4 202 325 .62
1-3 5 160 226 .71
1-3 6 66312 .54
Qo T-3 Mean - — 182 306 .59 B

ERIC o o .
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also seen in Types 2 and 3.

The actual response consonants which were substituted for the
stimulus voiceless stop /t/ are shown in Table 2. Throughout all age
greups, the most common substitution was the volceless affricate /ts/
with 8 occurrences. This is probably because of the morphological
(plural) irregularity in the stimulus word, /fit/. The affricate /ts/
substitutions for the stop /t/ formed the regular plural form in English.

The response consonants which were substituted for the stimulus
voiced stop /d/ are also shown in Table 2. Throughout all age groups,
the most common substitution was the voiceless stop /t/ with 22 occur-
rences.

Scoring procedure types 4 and 5 for /i/ before stops are listed in
Table 4 and displayed in Fig. 4. They are discussed in detail in
Appendix D. Fig. 3 shows that vowels before voiceless stops incorrectly
substituted for the voiced stop /d/ were closer in duration to those
before correctly used voiced stops, thamn to those before correctly
used voiceless stops. Thus, vowel duration for /i/ before incorrectly
substituted final response consonants was usually closer to the expected
vowel duration before *the stimulus consonant than tu that before the

incorrect response consonants.

Final stops after /u/. Table 2 shows that children produced the

voiceless stop (/t/) with 9% error from the mean age of 22 months on.
This table also shows, however, that at 22 months, they produced the

final voiced stop (/d/) with 5% error; at 24 months, 337 and then

finally a low 6% error rate again at 14 months.

ERIC
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Scoring prbcedure type 1 on Table 5 and Fig. 3 shows, however, that
despite the incorrect production of the final voiced stops, correct dif-
ferential vowel duration was produced continuously from the mean age of
22 months at which time the vowel duration before voiceless stops was
70% of that before voiced stops. At 34 months vowel duration before
voiceless stops was 61% of that before voiced stops. The same pattern
was also seen in 'Types 2 and 3.

The actual resporse consonants which were substituted for the
stimulgs voiced stop /d/ are shown in Table 2, Throughout all age
groups, the most comrmon substitution was the voiceless stop /t/ with
22 occurrences.

Scoring procedure types 4 and 5 are listed in Table 5 and displayed
in Fig. 5. Thev are disnussed in detail in Appendix D. Fig. 3 shows
that the mean vowel duration bsfore voiceless stops incorrectly sub-
stituted for the voiced stop /d/ was closer to the duration before the
correctly used voiceless stops. Thus, vowel duration for /u/ before
incorrectly substlituted final response consonants was usually closer to
the expected vowel duratinn before the stimulus consonant than the

Incorrectly substituted response consonant.

l{llC ‘ 43
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Table 5
First study, children's responses to picture stimuli, Mean vowel 28
~uuration (msec} and duration ratio for fu/ before stops in /but/, /fud/,
as a function of children's age

Type 1 Type 2 Type 3 Type &4 Type 5

Alil resp. Response All correct Inc R Inc R
Sess Child Age cons/stim cons/resp resp cons cons/S cons/R

No. No. (mo) V1. Vd. Rat. V1., Vd. Rat. V1. Vd. Rat. V1. Vd, V1. vd.

1 7 24 202 315 .64 238 293 .8l 202 293 .69 --- 380 380 ---
1 8 21 272 313 .87 290 370 .78 272 --- - --- 313 313 370
1 9 21 170 292 .58 218 272 .80 170 272 .62 =--- 312 312 —--
1 "Mean 22 ~ 215306 .70 248 312 .79 215287 .76 -== 335 335370

3 7 26 186 280 .67 186 280 ,67 186 280 .67 --= -o= ——= —--
3 8 23 311 455 .68 383 —-- - 311 --- --- --~ 455 455 ---
3 9 23 158 468 .34 158 468 .34 158 468 .34 —on —o oee oo-
3 Mean 24 ZIB 400 .55 2477374 6k 218374 .58 --="455 L55 -Z-

1-3 1 27,6 253 505 ,50 263 722 .36 253 722 .35 --~ 396 410 ——-
1-3 2 28.5 234 415 .56 234 398 .58 234 398 ,58 --= 320 -wc ---
1.3 3 25 312 680 .45 313 680 .46 312 680 .45 --= ~== 135 —--
1-3 4 25.6 184 594 .30 327 630 .51 184 630 ,29 --- 532 532 ---
1-3 5 27.6 299 408 .73 324 390 .83 299 390 .76 --- 412 412 -2
1-3 6 28 273 450 .60 273 450 .60 273 450 ,60 e—co ace coe -
T-T Fean 27 259 508 .50 289 545 .53 259 545 .47 --- 415 372 S0
6-6 1 31,5 181 410 .44 181 410 .44 181 410 .44 —oc o —em oo
4-6 2 31 165 350 .47 165 350 .47 165 350 47 ~o- mme can e
4-6 3 29 148 505 .29 148 505 .29 148 505 ,29 -—-- oo oo oo
4-6 4 29 189 594 .31 189 594 .31 189 5% ,31 --- —o- —ee -
4-6 5 31.5 240 390 .61 240 390 .61 240 390 .61 ~-- ~m- —ac oo
4-6 0 3] 138 226 .6t 230 542 .42 204 542 .37 --- 315 315 ---
6 Feun 307 176 412 42192 465 43188 465 .40 22 315 315 --=
7- 34.5 279 436 .63 320 333 .97 279 333 .83 --- 742 742 ---

10 L

10 2 34.5 140 271 .52 140 271 .51 140 271 .51 =—-w coc mae -

10 3 32.5 164 426 .38 164 426 .38 164 426 .38 —ce oo —eo o-s
7-10 4 31.5 384 502 .76 384 502 .76 384 502 ,76 == - cae ---

10 5 34.5 310 433 .71 313 435 .71 310 435 .71 --~ 335 335 ---
7-10 6 34.5 138 226 .61 138 226 .6F1 138 226 .61 --- ——— mm= ==
7-10 ¥n. 33.97236 382 .61 244 366 .66 236 366 :QQ ~-< 538 538 ---
Parent No.

1-3 7 209 401 .53
1-3 8 239 409 .53
1-3 9 200 282 .71
1-3 1 183 252 .75
i-3 2 184 296 .62
1-3 3 160 265 .61
1-3 4 205 312 .66
1-3 5 178 228 .78
-3 6 — 193 323 .60 _ . _ . . __
1-J Hean . 194 308 .62 e
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Vowel duration in relation to fipal fricatives

Final fricatives after I{L; Table 6 shows that children at 22

and 24 months produced the final voiceless fricative (/s/) with no errors.
There was a 5% error rate at the mean age of 27 months, then no errors
again at 36 and 34 months. This table alsc shows that at 22 months,

the children produced the final voiced fricative (/z/) with 33% error and
there was a decreasing error rate until 34 months when there were

no errors.

Scoring procedure type 1 on Table 7 and Fig. 6 shows, however,
that despite the incorrect production of some of the final fricatives,
correct differential vowel duration was produced continucusly from the
mean age of 22 months, at which time vowel duration before voiceless
fricatives was 50% of that before voiced fricatives. At the mean age
of 34 months, the vowel duration before voiceless fricatives was 67% of
that before voiced fricatives. The same pattern was also seen in Types
Z and 3.

The actual response consonants which were substituted for the
stimilus voiceless fricative /s/ are listed in Table 6. There was vne
instance of the voiced fricative /3/ and one instance of an open syllable.

The response consonants which were substituted for the stimulus
voiced fricative /z/ are shown in Table 6. Throughout all age groups,
the most common substitutions were the voiceless fricative /s/ with 20
occurrences, and the voiceless affricate /ts/ with 3 occurrences.

Scoring procedure types 4 and 5 are listed in Table 7 and displayed
in Fig. 6. They are discussed in detail in Appendix D. Fig. 7 shows
that the mean vowel durations before voiceless fricatives incorrectly

substituted for tne voiced fricative /e/ were closer to those before the

A —




Table 6
First study, children's responses to picture stimuli.

Incorrect response consonants and missing responses
for /1/, /i/, /u/ before fricatives

30

/hlz/
Sess. Mean /kIs/ [/blz/ /tie/ /piz/ /gus/ Aruz/
No. Age(mo.) Vli.fr. vd.fr. Vl.fr. Vd.fr. V1.fr. vd.fr.
1 22 Inc. resp. cons. 0 4/s/ 4ft/ 5/s/ 0 2 /s/
1/ts/ 1/ts/
1/bus/
No. inc. resp., O 4 4 6 0 4
% inc. resp. 0% 33% 33% 41% 0% 33%
No. missing resp.0 0 0 2 0 0
% missing resps. 0% 0% 0% 16% 0% 0%
3 24 Inc. resp. cons. 0 4/s/ 4/t/  b4]s/ 0 1/s/
1/0s/
No. inc. resp, O 4 4 5 ¢ 1
% inc. resp. 0% 33% 33% 41% 0% 8%
No. missing resp.0 0 0 0 0 0
% missing resps. 0% 0% 0% 0% 0% 0% _
1-3 27 Inc. resp., cons. 1/ / 7/s/ 4/t/ 3/s/ S/ts/ 8/8/
' 1/8/ 2/ts/ 2/8/ 3/ts/ 2/3/ 4/s/
1/ts/ 2/dz/ 1/*/ 1/n/
2/9/
1/¢t/
No. inc. resp. "2~ 9 7 11 8 13
% inc. resp. 5% 25% 197 30% 221, 36%
No. missing resp.6 10 5 4 6 6
% missing resps. 167 27% 137 117 167 167
4-6 30 Inc. resp. cons. 0 s/s/ 2/t/ 3/8/ 1/es/ 2/¢/
1/dz/ 1/s/
1/ts/
No. inc. resp., O 7 2 4 1 2
% inc. resp. 0% 19% 5% 11% 2% 5%
No. missing resp.3 2 2 2 2 4
% missing resps. 8% 5% 5% 5% 5% 11%
7-10 34 Inc. resp. cons. 0 0 0 1/s/ 0 2/8/
1/¢/ 2/dz/
No. inc. resp., O 0 WV 2 0 13
% inc. resp. 0% 0% 07, 47, 0% 87
No. missinn resp.9 8 9 9 9 10
% missing resps. 18% 167 187" 187 187, 207,




Table 7 31
First study, children's responses to picture stimuli. Mean vowel
duration (msec) and duration ratio for /I/ before fricatives in /kIs/,
/hiz/, or /bIz/, as a function of children's age

Type 1 Type 2 Type 3 Type & Type 5
All resp. Response  All correct Inc R Inc R
Sess Child Age cons/stim cons/resp resp cons  cons/S cons/R

. No. No. (mo) vl. Vd. Rat. V1. vd. Rat., V1. Vd. Rat. V1, vd. V1. vd.

L 7 z4& 194 371 .52 194 371 .52 194 371 .52 =—-e aem —-= ——-
1 8 21 246 542 .45 394 --m --- 246 -—- --- --- 542 542 ---
1 9 21 212 380 .56_ 212 380 .56 212 380 ,56 —=r m== === -=-
T “Wean 22 218 431 .50 266 376 .70 218 376 .57 --- 542 542 —==
3 7 26 148 302 .49 148 302 .49 148 302 .49 ~-= —-m === ---
3 8 23 292 460 .63 376 ——— --- 292 —-m --- —-- 460 460 -.-
39 23 216 381 .56_ 216 299 .72 216 381 .56 === —-- -== ===
3 Mean 24 218 381 .57 246 300 .82 218 342 .63 --- 460 460 ---
1-3 1 27.6 309 498 .62 309 498 .62 309 498 .62 —-e oo —me -a-
1-3 2 28.5 300 350 .85 300 376 .79 300 376 .79 --- 300 300 ---
1-3 3 25 552 408 135 105 504 .20 105 408 .25 1000 --- --- 1215
1-3 4 25.6 214 326 .65 250 --= === 214 === --a --- 326 315 ---
1-3 5 27.6 230 304 .75 232 335 .69 230 335 .68 --- 272 272 ---
1-3 6 28 243 314 .77_243 314 .77 _243 314 77 --= —-c -== -==
T-3 Mean 27308 367 .83 240 405_.59 234 386 .60 1000 299 296 1215
4-6 L 31.5 231 408 .56 231 408 .56 231 408 ,56 === —-- === —--
4-6 2 31 180 262 .68 180 262 .68 180 262 .68 =--= —-c --- ---
4-6 3 29 180 434 .41 180 434 .41 180 434 .41 --c ooc —mm oo
4-6 4 29 268 208 128 250 2051,21 268 205 130 --- 222 222 ---
4-6 5 31.5 250 376 .56 250 398 .62 250 398 62 -—- 330 --m —--
b6 6 238 432 .55 229 366 .62 229 366 sme mmm mmm s

5-6 Mcan'ﬁU‘? 224 353 .63 220 SEK"EE"ITT‘WRT"755“::Iifﬂ§Tﬁiiiiiz__

7-10 1  34.5 245 508 .48 245 S08 .48 245 508 .48 - —an —-- aae

7-10 2 34.5 196 240 .81 196 240 .81 196 240 .81 --= —o~ ——— --o

7-10 3 32.5 171 346 .49 171 346 .49 171 346 .49 —oe —oe —om —--

7-10 4 31.5 328 388 .84 328 388 .84 328 388 .84 --v - —-= o

7-10 5 34.5 368 480 .76 368 480 .76 368 480 .76 -~ ——0 coc ---

7-10 6  34.5 201 384 .52 201 384 .52 201 384 .52 === —ce - ---

7-fﬁ~Nn._TT-§_75[_391—_67_.T31_§§T—_F5_—f3f_§§T~755_—::::E:TTEE;:EEZ:j

T 77 Parent No. -

1-3 7 202 524 .39

1-3 8 225 488 .46

1-3 9 216 419 .52

1-3 1 168 306 .54

1-3 2 162 352 .64

1-3 3 143 270 .54

1-3 4 172 372 .46

1-3 5 139 282 .49

1-3 6 __ 136346 40 .
Q Ef Mean _ 174 373 .46
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correctly used voiced fricatives than to those before the correctly

used voiceless fricatives, Thus, vowel duration for /I/ before incor-
rectly substituted final response consonants was usually closer to the
expected vowel duration before the stimulus consonant than to the
incorrectly substituted response consonant.

Final fricatives after /i/. Table 6 shows that the children at 22

months produced the final voiceless fricative (here /0/) with 33% error
and they had a decreasing error rate until 34 months where therc were no
errors. This tablec also shows that at 22 months they produced the final
voiced fricative (/z/) with a 41% error rate, and had a decreasing error

rate until 34 months where there,was only 4% error.

Scoring procedure type 1 on Table 8 and Fig. 8 shows, however, that
despite the incorrect production of some of the final fricatives, correct
differential vowel duration was produced continuously from the mean age
of 22 months, when vowel duration before voiceless fricativés was 52% of
that beforce voiceq fricatives. At 34 months‘the vowel duration before
voiceless fricatives was 627% of that before voiced fricatives.

The same pattern was seen at 22, 27, 30 and 34 months in Type 2.

At 24 months, in Type 2, however, mean vowel duration before all voice-
less fricatives (correct and incorrect) was 360, and before all voiced
fricatives (correct and incorrect) was 351. This was due to the unusually
long durations for before voiceless fricatives (645) produced by child 8
in session 3, where she substituted voiceless fricatives for the

stimulus voiced fricative.



Table 8 35
First study, children's responses to picture stimuli. Mean vowel
duration (msec) and duration ratio for /i/ before fricatives in /tif/,
/piz/, as a function of children's age

Type 1 Type 2 Type 3 Type 4 Type 5
All resp. Response All correct Inc R Inc R
Sess Child Age cons/stim cons/resp resp cons cons/S cons/R

No. No. (mo) V1. vd. Rat. V1. Vd. Rat. V1. Vd. Rat. V1. Vd. V1. Vd.

1 v 24 174 360 .48 203 380 .53 174 380 46 —-- - oo ——-
1 8 21 236 496 48 550 —-- —an e —em oo 236 496 550 ---
1 9 21 266 435 .61 298 510 .58 266 510 .52 --- 360 360 ---
1 ~Mean 22 225 430 .52 350 445 ,78 220 445 .49 236 392 410 ---
3 7 26 188 325 .58 229 303 .75 188 303 .62 --- 390 390 ---
3 8 23 391 645 .61 645 —om —oe  —-m —om oo 391 645 645 ---
3 9 23 206 398 .52 206 398 .52 206 398 .52 -o= ==~ —~- ---
3 Mean 24 262 456 .57 360 351 L02 198 351 .56 391 518 518 ---
1-3 1 27.6 419 362 L15 298 386 .77 298 386 .77 -——- 662 ——= ——-
1-3 2 28.5 192 494 .38 192 605 .31 192 605 .31 --—- 382 --- ——-
1-3 3 25 320 916 .34 320 ¥75 .29 320 W5 .29 --- 820 -—- ---
1-3 4 25.6 238 260 .91 284 190 L.49 260 190L 36 255 256 298 ---
1-3 5 27.6 283 346 .81 283 356 .79 283 356 .79 -—- 445 -—- -
1-3 6 28 395 474 .83 396 474 .83 238 432 ,55 oo —e= se= ao—
T-3 Mean 27 308 475 .64 296 514 .57 265 507 .52 255 442 298 -—~

1 31.5 300 415 .72 300 415 .72 300 415 .72 === cce —=x -==
2 31 180 392 .45 195 422 .46 180 422 .42 -~ 305 305 ---
3 29 322 812 .39 322 435 .74 322 435 .74 ---1252 —-u -~
4 29 238 260 .91 212 466 .45 212 466 .45 245 --- ~-n —--
5 31.5 303 403 .75 303 403 .75 303 403 .75 --- ==~ -—- ~---
6 31 396 474 .83 264 582 .45 264 582 45 ~ox —cv -== ~--
4-6 Mean 30.2 290 459 .63 266 454 .58 264 454 .58 245 7718 305 ---

7-10 1 34.5 344 495 .69 344 495 .69 344 435 .69 --m -o- —on ——-

710 2 34.5 192 454 .38 186 296 .62 186 296 .62 --- —-- -—= ---

7-10 3 32.5 260 590 .44 306 546 .56 260 546 .47 --- 650 810 ---

7-10 4 31,5 330 516 .63 330 516 .63 330 516 .63 ~-- --m --- ---

7-10 5 34.5 438 606 .72 438 605 .72 438 606 .72 e oo e -

7-10 6 34,5 294 281104 294 2811,04 294 281 1.04 --e === - ---

7510 Mn. 33.9 310 497 .62_ 316 456 .69 308 456 .67 <--- 650 810 ~-= _

T 7 Parent No.

1-3 7 268 620 .43

1-3 8 267 490 .54

1-3 9 270 443 .60

1-3 1 212 345 .62

1-3 2 236 420 .56

1-3 3 194 388 .50

1-3 4 225 535 .42

1-3 5 198 349 .57

1-3 6 182290 .47 e
e 228 442 .52

i T
|
4
X
3
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The same pattern which was scen in scoring procedure type 1 was
seen in Type 3.

The actual response consonants which were substituted for the
stimulus voiceless fricative /8/ are shown in Table 6. Throughout
all age groups the most common non-voiceless fricative substitution
for /8/ was /t/ with 14 occurrences. Tﬂe most common volceless fric-
ativ: substitution, /3/, was used frequently. However, this was not
considered to be an incorrect class substitution.

The response consonants which were substituted for the stimulus
voiced fricative /z/ are shown in Table 6. Throughout all age groups,
the most common substitutions for /z/ were /s/ with 14 occurrences,
/@/ (open syllable) with 6 occurrences and /ts/ with &4 occurrences.

Scoring procedure types 4 and 5 are listed in Table 8 and displayed
in Fig. 8. They are discussed in detail inlAppendix D. Fig. 7 shows
that mean vowel duration before voiceless fricatives incorrectly sub-
stituted for the voiced fricative /z/ was closer to the duration before
correctly used volced fricatives than to Lhat before the correctly
used voiceless fricatives. Thus, vowel duration for /i/ before incor-
rectly substituted final response consonants was usually closer to the
expected vowel duration before the stimulus consonant than before the
incorrectly substituted response consonant.

Final fricatives after /u/. Table 6 shows thay the childven at

22 months produced final voiceless fricative. (/s/) with no errors at 22
and 24 wonths. At 27 months, however, there was a 22% error rate which
decreased until there were no errors at 34 months. This table also shows
that they produced final voiced fricative (/z/) at 22 months with a

33% error rate, which decreased to an 8% error rate at 34 months.

’
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Scoring procedure type 1 on Table 9 and Fig. 9 shows, however,
that despite the incorrect production of some of the final fricatives,
correct differential vowellduration was produced continuously from the
mean age of 22 months, when vowel duration before voiceless fricatives
was 82% of that before voiced fricatives. At the mean age of 34 months,
the vowel duration before voiceless fricatives was 64% of that before
voiced fricatives. This same pattern was seen in Analyses 2 and 3.

The actual response consonants which were substituted for the
stimulus voiceless fricative /s/ are shown in Table 6. Throughout all
age groups, the most common substitution for /s/ was the voiceless
affricate /ts/ with 6 occurrences.

The response consonants which were substituted for the stimulus
voiced fricative /z/ are shown in Table 6. Throughout all age groups,
the most common substitutions for [fz/ were /®/ (open syllable) with 12
occurrences, and voiceless fricative /s/ with 7 occurrences.

Scofing procedure types 4 and 5 are listed in Table 9 and dis-
played in Fig. 9. They are discussed in detail in Appendix D. Figure 7
shows that the mean vowel duration before voiceless fricatives incor-
rectly substituted for the voiced fricative /z/ was closer to that
before the correctly used voiced fricatives than to that before the
correctly used voiceless fricatives., Thus, vowel duration for /u/
before incorrectly substituted final response consonants was usually
closer to the expected vowel duration before the stimulus consonant

to that before the incorrectly substituted response consonants.,

ERIC
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Table 9

First study, children's responses to picture stimuli. Mean vowel 39
duration (msec) and duration ratio for /u/ before fricatives in /gus/,
/Juz/, as a function of children's age
Type 1 Type 2 Type 3 Type 4 Type 5
All resp. Response All correct Inc R Inc R
Scss Child Age cons/stim cons/resp resp cons cons/S cons/Rr

No. No. (mo) vl. vd. Rat. V1. Vd. Rat. V1. ¥d. Rat. V1. Vd. V1. vd.

1 7 24 205 311 .66 205 311 .66 205 311 .66 --- -—-= ——= —o.
1L 8 21 412 378 .09 412 3851.07 412 3851.07 ~-- 370 === —---

L 9 21 312 438 .71 346 460 .75 312 460 .68 --- 415 415 ---

1~ Mean 22 310 375 .82 321 385 .83 310 385 .80 --- 392 415 ---

3 7 26 238 386 .62 238 386 .62 238 386 .62 e ~on —om -

3 8 23 371 556 .67 393 573 .69 371 573 .65 =--- 505 505 ---

3 9 23 298 345 .87 298 345 .87 298 345 ,87 —-= mom === ——-
3 Moan 264 302 429 .70 312 434 .71 302 434 .69 --- 505 505 ---
1-3 1 27.6 310 325 .95 301 ~-- —-= 286 --- ——- -—= 325 430 -
1-3 2 28.5 315 548 .57 315 548 .57 315 548 .57 ~m- —-m —em oo
1-3 3 25 486 816 .59 265 590 .44 265 590 .44 454 1042--- _o.
1-3 4 25.6 280 352 .79 370 3301.12 422 330L27 210 402 415 ---
1-3 5 27.6 313 443 .70 313 443 .70 313 443 .70 --- -mm aoe e
1-3 6 28 428 522 .81 428 522 .81 428 522 8l —-e —mm —ee oo
T-3 Wean 27 355 501 .70 332 486 .08 338 486 .69 348 590 422 ---
4-6 1 31.5 290 374 .77 290 408 .71 290 408 .71 --= 255 —o- -—-
4-6 2 31 224 332 .67 224 332 .67 224 332 67 === ~-= —-= -—-
4-6 3 29 284 606 .46 284 566 .50 284 566 ,50 --= 780 --n —oe
4-6 4 29 320 506 .63 330 506 .65 330 506 .65 455 --- —-- —--
4-6 5  31.5 322 459 .70 322 459 .70 322 459 .70 --m —me —om o
4-6 _(f_____ 31 238 432 .55 302 548 .55 302 548 55 cmsm cce oeme —mo
%-6 Méan 30.7 280 452 .61 292 410 .65 292 47C .62 455 518 —=- co-
7-10 1 34.5 352 460 .76 352 475 .74 352 475 .74 --= 570 --- —--
7-10 2 34.5 264 326 .80 264 326 .80 264 326 .80 --- o= —-o -
7-10 3 32.5 225 524 .42 225 523 .43 225 523 .43  --n 525 --v -
7-10 & 31,5 322 588 .54 322 588 .54 322 58S ,54 == —-= o —--
7-10 5 34.5 488 606 .80 488 612 .79 488 612 .79 --= 565 --- ---
7-10 6 34.5 238 432 .55 238 432 .55 238 432 .55 -mm mmew —oo —--
7-10Mn, 33.9 314 489 .64 315 492 .64 314 492 .63 --= 553 —-n —-= __
T TT Parent No.

-3 7 312 589 .53

1-3 8 302 474 .64

1-3 9 283 384 .74

-3 1 230 355 .65

1-3 2 236 390 .61

1-3 3 213 360 .60

1-3 & 265 455 .58

1-3 5 216 376 .66

-3 6 — 198408 .49 _ ___ . _~
1-3 Mean 250 416 .60




*a%e §,UaxpTTyY> 3O uoTIDUNY B SE .\uz%\ .\m:w\ UT SSATIEDTAJ D1030q /n/ uo3

0T3el UOIJBINP pPUE UOIIBIND {9MOA WEB); *ITNWTIS 21n35Td 031 sasuodssi S UaXPTIYD “4Apnis asityg 6 313
o
< (-ou) afe SuAAPTIYD
e 0¢ L2 vT T2 e 0€ L2 w2 T8 e 0 LZ wT 2T -
| A 1 [ 1 1 | 1 L 1 1 1 Al c
-
L
SANTEA |, 53Udi1ed = g i r m
= =
..... & S —t — - — e —— . — o m—— s — S’
oriex uorieang | de =t d m.nnnf.lr..’. d .:Hl..lﬁ..lllll. d 5
e ~ ~ "
-
T SPATIBOTIJ PadToA ®103aq WoTITANg - - 00T
‘A’
me-ma. SOATI®OTIF -
$S9T8dT0A 21033q UOTIEANG W
, <
be 0% Lz heT Ze Nm @m mN k&4 [44 ¢m\@m nw ¢w Nw ¢m om Aw ¢w NW e Om :w ¢w mm
001 =
1]
=)
<
[ ﬁ i i Fooz §
g o —— -——d dr—m=m-m-—nayg de—=——mme- -d Jommeemoooma g dem——memmmnaae g 2
L L - = N L A - a
c\\//(\\\ .- " e > ;/ \\\uan 00¢ c
g ﬁ. v 3
4 —-
b 4 o - - =}
d——— 4 d d d a d a d a|o0o7 2
/.f \\ .s \.MI
"\ f f L "
) - 005 0

@suodsal /sjuruosuod SNTANTIS /SIUPUOSUOY  SJUPUOSUOD asuodsax asuodsax /s1ueuosuod m:a:Eﬂum\mucchmcouooo
asuodsax 3d91100UY @suodsax 3daxio0dug 3031100 1TV asuvodsay asuodsaz Ty

¢ oadAyL 7 ad4y, ¢ odfyr 2 9df] T 2dfg

o

IC

Aruitoxt provided by Eic:

E



O

ERIC

Aruitoxt provided by Eic:

41

Vowel duration in relation to manner of articulation of final

consonants

Final stops and fricatives after /I/. Children were able to

produce stops and fricatives correctly from the mean age of 22 month
on. There was rarely any confusion regarding manner of production,
as there had been in voicing. .

Scoring procedure type 1 on Table 10 and Fig, 10 shows that chil-
dren at 22 months produced mean vowel duration before stops at 198, and
longer vowellduration before fricatives at 324, This is a 126 msec dif-
ference, which compares favorably with the 97 msec difference between
the parents' mean vowel duratiosn of 176 before stops, and 273 before
fricatives.8 The comparison holds also for Type 2, and is even closer
for Type 3 (correct responses only), where the difference between mean
vowel duration before stops‘and fricatives is 93 msec. This pattern is

also the case for ages 24, 27, 30 and 34 months on all types of scoring

procedures.,

Final stops and fricatives after /i/. Scoring procedure type 1

on Table 1l and Fig. 11 shows that children at 22 months produced mean
vowel duration belore stops at 263, and longer vowel duration before
fricatives at 328. This‘is a 05 msec difference which compares well
with the 90 msec Aifferencc the parents' means show with the

duration of 244 before stops and 334 before fricatives. This
comparison holds even closer for Type 3 where the difference between
mean vowel duration before stops and fricatives is 87 msec. The same
pattern was produced for Types 1, 2 and 3 from 27 to 34 months. This
pattern did not hold for the children at 24 months of age, however,

- e [4K1 -




Table 10 42
First study, children's responses to picture stimuli. Mean vowel
duration (msec) for /I/ before stops and fricatives, as a function of
children's age

Type 1 Type 2 Type 3
All resp. Response All correct

Sess Child Age cons/stim cons/resp resp cons
No. No. (mo) St. Fr. St. Fr. St. Fr.

1 7 24 209 282 209 282 209 282

1 8 21 220 39% 220 394 160 246

1 9 21 165 29 198 296 178 296
1 "Mean 22 198 324 209 324 182 275

3 7 26 208 225 208 225 208 225

3 8 23 272 376 272 376 205 292

3 9 23 156 298 158 258 156 298
3 Mean 24 ZIZTI00 204 286 1937272
1-3 1 27.6 252 357 235 357 208 357
1-3 2 28.5 230 338 230 338 230 364
1-3 3 25 276 480 276 486 276 389
1-3 4 25.6 166 270 166 250 110 214
1-3 5 27.6 197 258 195 258 204 255
1-3 6 28 210 278 210 278 210 278
T3 Mean 27 2327330 218 328 206 310
4-6 1 31.5 162 319 161 319 161 319
4-6 2 31 188 221 188 221 189 221
4-6 3 29 150 307 150 307 150 307
4-6 4 29 205 238 214 226 187 238
4-6 5 31.5 240 313 240 316 240 316
4-6 6 31 182 335 199 298 199 298
4-6Tean 30.7 188 288 192 281 188_283
7-10 1 34.5 216 376 216 376 210 376
7-10 2 34.5 155 218 155 218 155 218
7-10 3 32.5 178 258 185 258 185 258
7-10 4 31.5 265 358 265 1358 265 358
7-10 5 34.5 299 424 299 424 282 424
7-10 6  34.5 134 292 134 292 134 292
7-10¥n. 33,9 7208 321 209 321 205 321 N

Parent No. -

1-3 7 200 363
1-3 8 255 356
1-3 9 212 318
1-3 1 160 237
1-3 2 152 257
1-3 3 142 206
1-3 4 162 272
1-3 5 142 210
1-3 6 165 241
Tij‘Mean__ 176 273

|
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Table 11 b
First study, c¢hildren's responses to picture stimuli. Mean vowel
duration (msec) for /i/ before stops and fricatives, as a function of
children's age

Type 1 Type 2 Type 3
A1l resp. Response All correct
5ess Child Age cons/stim cons/resp resp cons
No. No. (mo) St. Fr. St. Fr. St. Fr.
1 7 24 291 266 291 292 291 276
1 8 21 276 366 262 550 215 -—-
1 9 21 222 350 263 403 228 388
1~ Mean 22 263 328 272 415 245 332
3 7 26 258 256 258 266 258 246
3 8 23 548 518 495 675 508 ---
3 9 23 348 302 348 302 348 302
3 Mean 24 385 359 368 404 372 274
1-3 1 27.6 288 390 296 367 296 367
1-3 2 28.5 374 343 462 294 532 294
1-3 3 25 270 618 270 698 270 698
1-3 4  25.6 280 348 272 252 276 225
1-3 5 27.6 344 315 326 319 293 319
1-3 6 28 274 435 272 435 182 335
I-3 Mean 27 305 408 316 394 308 373 ____
4-6 1  31.5 215 358 233 358 228 358
4-6 2 31 220 286 220 308 220 301
4-6 3 29 419 567 368 362 368 362
4-6 4 29 280 348 304 381 290 381
4-6 5 31.5 225 353 225 353 225 353
4-6 6 31 274 435 303 423 303 423
%-6 Mean 30.2 272 391 276 364 272 363
7-10 1 34.5 318 419 296 419 296 419
7-10 2 34.5 374 343 214 241 214 241
7-10 3 32.5 316 425 330 426 326 404
7-16 4 31.5 330 423 330 423 330 423
7-10 5 34.5 385 522 385 522 385 521
7-10 6  34.5 358 288 358 288 358 288
7-10¥n. 33.9 7346 493 318 386 318 382
- Parent No,
1-3 7 292 444
1-3 8 339 379
1-3 9 258 356
1-3 1 189 278
1-3 2 234 328
1-3 3 196 290
1-3 4 264 380
1-3 5 193 273
1-3 6 239 286 _ _
o 1-3 Mean T 244 334
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where the reverse was true. Each of the 3 children at the mean age‘of
24 months reversed the relative durations in scoring procedure types
1 and 3. Thé reversal did not show up in scoring procedure type 2,

however, where the pattern was correct for 2 of the 3 children.

Final stops and fricatives after /u/. Scoring procedure type 1

on Table 12 and Fig. 12 shows that children at 22 months produced
mean vowel duration bafore stops at 260, and before fricatives at
342, This is a 82 msec difference which compares well with the 81
msec difference the parents' means show, with a 251 duration

beiore stops, and 332 before fricatives. The comparison

also holds up for scoring procedure type 2 and is also very close

for Type 3 (correct responses only) where the difference between

mean vowel duration before stops and fricatives is 100 msec. This
pattern is alsc true for ages 24, 27, 30 and 34 months on all scorisz
prc.edure types.

Intvinsic vowel duration

Scoring procedure type 1 on Table 13 and Fig. 13 shows that
children at 22 months produced correct differential intrinsic vowel
duration, with mean vowel durations of 261 for the lax vowel
/1/, 296 for the tense vowel /1/, and 302 for the tense vowel Ju/.
These duruations compare exceptionally well with those of the parents'
means of 225 for /I/, 290 for /1/, and 292 for /u/. It is important to
note that in the children's production in scoring procedure type 1, the
lax vowel 1s 38 msec shorter than the tense vowels (it is 66 msec shorter

in the parents' prodaction) and the tense vowels are approximately equal in

68




Table 12 47
First study, children's responses to picture stimuli. Mean vowel
*duration (msec) for /u/ before stops and fricatives, as a function of
' children's age

Type 1 Type 2 Tyne 3
All resp. Response . All correct

Sess Child Age cons/stim cons/resp resp cons
No. No. (mo) St. Fr. St. Fr. St. Fr.

1 7 24 258 258 266 258 248 258

1 8 21 292 395 © 330 398 272 398

1 g 21 231 375 245 403 221 386

1 Mean 22__ 260 342~ ""7780 353 247 347
3 7 26 233 312 233 312 233 312

3 8 23 383 463 383 486 311 472

3 9 23 312 321 312 322 312 321

3 _Mean 74 370 366 310 373 285 368

1-3 1 27.6 379 318 344 201 335 236

1-3 2 28.5 224 431 316 431 316 431

1-3 3 25 496 651 436 428 456 428

1-3 4 25.6 389 316 451 342 339 376

1-3 5 27.6 354 378 365 378 356 378

1-3 6 28 - 362 475 362 475 362 475 .
I{{Tﬂiﬂ?zzz-; 384 428 389 392 367 396 .
4-6 1 31,5 296 332 296 348 296 348

4-6 2 31 258 278 . 258 278 258 278

4-6 3 29 326 372 326 359 326 359

4-6 4 29 392 412 392 418 392 418

4-6 5 31.5 315 390 315 390 315 390

4-6 6 31 182 335 386 425 373 425

%-6 Mean 30.27 294 353 328 370 326 370
7-10 1 34.5 358 406 358 413 310 413
7-10 2 34.5 206 295 206 295 206 295
7-10 3 32.5 296 374 296 336 296 336
7-10 4 31.5 443 455 443 455 443 455
7-10 5 34.5 372 548 374 550 373 550
7-10 6 34.5 182 335 182 335 182 335
7-10Mn. 33.97310 402 3107397 302 397

T "7 Parent No. o
1-3 7 305 450

1-3 8 324 388

1-3 ¢ 241 334

1-3 1 220 292

1-3 2 240 312

1-3 3 212 287

1-3 4 258 360

1-3 5 202 271

1-3 6 ' 258 302
1-3 Mean T 251 332 7
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Table 13
First study, children's responses to picture stimuli. Mean
intrinsic vowel duration (msec) for /I/, /i/, /u/, as a function of
children's age

Type 1 Type 2 Type 3
All resp. Response All correct
Soss Child Age cons/stim cons/resp resp cons

No. WNo. (mo) /I/ /i/ Ju/ /(X! 1i/ [u/ [T/ /il [uf

1 7 24 246 279 258 246 291 262 246 284 253
1 8 21 308 321 344 308 406 364 203 215 356
1 9 21 230 286 303 247 334 324 236 308 304
T "Hean 32 261 256 302 766 344 316 228 269 304
3 7 26 216 258 272 216 252 272 216 252 272
3 8 23 324 533 423 324 570 451 248 508 418
3 9 23 227 325 3i7 245 325 317 232 325 317
T Mean 24 256 372 338 262 386 347 232 362 336 _
1-3 1 27.6 306 346 348 314 335 336 302 335 324
1-3 2 28.5 275 358 378 284 370 373 285 394 373
1-3 3 25 378 444 574 346 484 526 314 484 525
1-3 & 25.6 218 264 352 20% 268 408 162 262 373
1-3 5 27.6 222 330 266 222 319 369 224 308 363
-3 6 28 244 354 418 244 353 418 244 258 418

Pod
1
=
®
&
=
S
-~
1

274 349 406 270 354 405 255 340 396

4-6 1 3L.5 240 286 314 240 310 322 240 328 322
4-6 2 31 205 254 268 205 264 268 205 261 268
4-6 3 29 228 493 360 228 372 353 228 372 353
4-6 & 29 222 331 402 222 342 404 214 336 404
4-6 S5 31.5 276 289 353 274 289 353 274 209 353
4-6 6 31 258 354 258 248 363 405 248 363 399
4-6 Mean 30.Z2 238 334 326 236 323 400 234 324 330

7-10 1 34.5 2956 368 382 307 358 380 305 358 364
7-10 2 34.5 186 358 250 186 228 250 186 228 250
7-10 3 32.5 218 370 335 222 378 320 222 365 320
7-10 4 31.5 312 376 449 312 376 449 311 376 449
7-10 5 34.5 362 454 460 368 453 462 362 453 462
7-10 6 34.5 213 322 258 213 322 258 213 322 258
TII0 Mn. 33.0 264 375 356 268 352 353 266 350 350
- Parent No.

1-3 7 282 368 378
1-3 8 306 359 356
1-3 9 265 307 287
1-3 1 198 234 256
1-3 2 204 281 276
1-1 3 174 244 250
1-3 & 218 322 309
1-3 5 176 233 237
1-3 6 203 263 280
T-% Wean TIS Y0 297
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duration as is the case in the adult model. The same pattern is true
for the other age groups in Type 1, although intrinsic¢c vowel duration
for the tense vowels-lil and /u/ tends to become increased overall as a
function of increasing age. The same pattern that was estﬁblished in

Scoring procedure type 1 is generally held in Types 2 and 3.

STATISTICAL ANALYSIS OF RESULTS

A statistical snalysis was done on the vowel durations produced by
the 3 children from Group 2 at the mean age of 22 months, recording
session'l, and thé mean age of 24 months, recordiang session 3. Only
the responses for the 3 children in Group 2 were used in the statistical
analysis, not Group 1, becsuse the former had a minimum of 3 observa-
tions per child per word ﬁer session, and the latter had only 1 or 2
or sometimes none. Only responses from Scoring procedure type 1 (All
response congsonants/stimulus) were used. In session 1 approximately
29% of these final response counsonants were incorrect; in session 3,
approximately 17% were incCorrect.

A completely repeated measures analysis of variance test was
performed on these vowel duration meane with the design, session (2)

by vowel (3) by manner (2) by voicing (2).
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Vowel duration was significaﬁtly increased before the final con-
sonant when the stimulus consonant was voiced ratiier than voiceless
(F(1,2) = 402.15, p < .01). The mean vowel duration before stimulus
voiceless consonants at 22 months was 213, at 24 months, 244, and that
hefore stimulus voiced consonants at 22 months was 365, at 24 months,
399. This produced the correct voiceless/voiced ratios of 59% at 22
months, and 61% at 24 months.

The 3 separate vowels showed significant differences in intrinsic
duration (F(2,4) = 8.22, p < .05). At 22 months, the lax vowel /I/ with
the mean intrinsic duration of 261, was significantly shorter than the
tense vowels /i/ and /u/ with the mean intrinsic durations of 296 and
302 respectively. At 24 months, the lax vowel /I/ was produced with
the mean intrinsic vowel duration of 256. This was significantly shorter
than the mean intrinsic durations for the tense vowels /i/ and /u/ which
were 372 and 338 respectively.

There was a significant interaction between vowel quality and
manner of the final stimulus consonant (F(2,4) = 34.19, p < .01).

This showed up as a significant interaction because manner values
observed with /i/ failed to show the expected difrference of longer dur-
ation before fricatives than stops at 24 months as discussed earlier.
Longer vowel Auration was observed, however, before fricatives than

stops for the vowels /I/ and /u/ at both ages.

74
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SUMMARY

The answer to the main question asked ;n this study - At what age
does production of correct differential vowel duration emerge? - is at,
or before, 21 months, as evidenced by vowel durations produced before
correct as well as incorrect final response consonants »f the youngest
subjects recorded, child 8 and child 9. It is, of course, beyond the
scope of this study to speculate on production of differential vowel
duration preceding 21 months of age. The mean vowel duration ratio for
/1/ before voiceless vs. voiced stops at 22 months was .49 and for fric-
atives was .50. The parents' ratios for the above were .60 and .46
respectively., The same pattern was also seen for the vowels /i/ and /u/.

The longitudinal study involved a careful examination of the
acoustic evidence for 1) the development of control of manner and voic-
ing of the final consonant and 2) the development of differential vowel
duratibn in relation to 1). Regarding the first point, the children
produced final voiceless stops with the lowest error rates (with the
vowel /I/, O%; with /i/, 11% - 2%; with /u/, 0%). Their control of
final voiceless fricatives was somewhat slower in development than for
final voiceless stops (with the vowel /I/, S% - 0%; with i/, 33% - 0%;
and with /u/, 22% - 0%). The greatest errors, however, were in control
of voicing for the voiced stops and the voiced fricatives, where the most
common substitutions which occurred were the voiceless counterparts of
the voiced stimuli. Children produced final voiced stops with the follow-
ing errcr rates: with /I/, 50% - 2%; with /i/, 50% - 2%; and with [u/,
50% - 2X. Final voiced fricatives occurred with the following error

\‘1
FRIC rates: with /1/ 33% - 0%, with /i/ 41% - 4%, and with /u/ 33% - 8%
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In every case, errors in control of voicing decreased from age 22 to 34
months. Thére were very few problems in control of manner of articula-~
tion, and stops were never confused with fricatives, as had been the
case for voicing.

Control of voicing and manner of the final consonant did not emerge
earlier with either the lax vowel J/1/ or the tense vowels /i/ or fu/, as

seen in the table below:

Error rates for final response consonants,
as a function of children's age

Children’s age (mo.)

22 24 27 30 34 Overall
Vowel /1/ 20% 16% 15% 8% 5% 11.9%
Vowel /i/ 33% 26% 21% 10% 2% 18%
Vowel /u/ 20% 10% 22% 2% K} 11, 4%

The increased overall error rate for the vowel /1] was probably due to
the morphological irregularity of the word /fit/ with which that

vowel occurred.

Regarding the second point, (the development of differential vowel
duration 1n relation to development of control of manner and voicing
of the final consonant), from the age of 21 months on, the children
produced correct differential vowel duration for /1/, /i/,>and fu/,
appropriate for voicing and manner of the final stimulus consonant,
not necessarily the final response consonant, even when it was incorrect.
This was shown through scoring procedure type ‘4 which studied only vowel
durations in responses which used incorrectly substituted response con-

Q ’
[E l(:ants and compared these vowel durations to those before response
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consonants used correctly for the same stimulus words. There was usually
less than a 50 msec difference. The same pattern was shown in scoring
procedure type S where vowel duration before voiceless consonants sub-
stituted for voiced consonants was closer to that for correctly used
voiced consonants (usually‘less thar 30 msec difference), than correctly
used voiceless consonants (usually more than 100 msec difference).

Thus, repeatedly, with few exceptions, when tﬂe final respcnse
consonant was incorrect in voicing and/or manner, the correct differ-
ential vowel duration produczd was appropriate for the original stim-
ulus consonant, not the response consonant. It Is fwportant to remem-
ber that each child had his own developing phonological system, however,
and this was not analyzad in this study. Thus, the phonological role of
differential vowel duration for any child at any age was not known.

This study did show that production of correct differential vowel

duration preceded correct production of voicing of final consonants.



FOOTNOTES (Chapter 2)

1. Author of the story was Mrs. Lora N. Mermin.

2.. For example, if the stimulus picture was /bIb/ and the child said
/bIp/ once, and /bIb/ once, the vowel durations produced in /bIp/
and in /bIb/ were both used in computing the mean vowel duration
for /1/ before the stimulus voiced stop /b/.

3. ior example, if the stimulus picture was /bIb/, and the child said
/blp/, the vowel duration in /bIp/ was used in computing the mean
vowel duration for /I/ before voiceless stops and was averaged in
with other productions of /I/ before voiceless stops as in the
stimulus word /stIk/.

4, 'For exanple, i1f the stimulus picture was /bIb/, and the child said
/blp/ once, and /bIb/ once, the first response /blp/ was not used
and only the second response /bIb/ was counted for the mean vowel
duration for /I/ before the stimulus voiced stop /b/.

5. For example, if the stimulus picture was /bIb/ and the child said
/blp/ once, and /bIm/ once, the vowel durations produced‘in both
utterances were used to compute the mesn vowel duration for /I/
before all response consonants incorrectly substituted for the
voiced stop /b/.

6. For example, if the stimulus picture was /bIb/, and the child said
/blp/ once, and /bIm/ once, the vowel duration in /bIp/ was used to
compute mean vowel duration for /I/ before voiceless stops substituted
incorrectly for the voiced stop /b/ and the vowel duration in /bIm/

o was not used at all.

ERIC
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FOOTNOTES continued

7. The only black subject in the study, child 8, made the most frequent
use of voiceless substitutions for the voiced stimuli. Thkis is not
surprising, however, when one examines the production of final voiced
stops by the mother. The parent consistently voiced and then
devoiced all fina! voiced stops and heavily aspirated their release.
This is a characteristic repufted in phonological studies of adult
speakers of black dialects (Luelsdorif, 1970). It appears here
that‘the child is very sensitive to the production of the final
release of these stops and is 1mitat1ng that, thus consistently
producing voiceless stops. A similar devoicing pattern appedred in
broduction of final fricatives for that parent, and the child seems
to have responded in a similar way.

8. This subjective evaluation and those which follow are bascid on
the results of the studies neiitioned in Footnote 3 in Chapter 1

and on the noms for parents in the first and second studies.

ERIC
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Chepter 3
SECOND STUDY: VOWEL DURAT'ION IN CHILDREN'S RESPONSES

ELICITED WITH TAPED STIMULI OF NORMAL DURATION

_INTRODUCT ION

fhis-study investigated the development.of production of
éorrect differential vowel duration in uﬁterances»eiicited with a
stimulus cgﬁe which had stimulus worés with correct differential
vowel duration. The same main question asked in the first study -
When does correct differential vowel duration emerge? was asked
in this longitudinalwstudy and tha same groups of children were
used. | o

The same fundamental observations made in the first étudy
concerning development of 1) voicing of final stops 2) voicing of final
fricatives and 3) manner of articulation of final stops and fricatives
were made i., this study; The following question was added,
however: Was there any difference in thg production of vowel duration
in the words.uttered in this stucy and those same words which were

utterced with the picture story ir the first study?
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METHOD

STIMULUS MATERJALS

The close tense front vowel /i/ was chosen for this study in
8 CVGC words where the final consonant was a voiceless stop, a
voiced stop, a voicéless fricative or a voiced fricative. Four of

the words were chosen from the stimulus words used in The 3cary

Goose Story: /[fit/, /sid/, /ti0/, /piz/. At the time this stimulus

tape was prepared, the influence of the initial consonant on vowel
duration was not known. Therefore, the remaining 4 wouds were
chosen with thé’criterion that the initial consonAnt remain constaﬁt
and that it be voiceless. These coastant /#p--/ Qords were Ipip/,-
/pib/, /vis/, /piz/. Each word was used twice in a tape.

A subsequeﬁt study with adult subjects (Naeser, 1970b) showea
the initial consonant to increase vowel duration in a CVC word only
if that initial consonant was voiced. Thus, becadse all initial
consonants were voiceless in the story words, /fit/, /sidf. /tiO/,
/piz/ and in the constant /#p--/ words, it was not expected that
vowel duration for the 2 sets of words vculd be differeng if all
initial consonants were articulated correctly, However; for the
following reasons, the 2 sets of words were still used and responses
were treated separately. 1) Some of the constant /#p--/ words
were perhaps unfamiliar to the children, e.g. /pip/, /pib/ and
their responses for these words might differ from those for the
familiar story words. 2) Responses for the story words in this

study elicited with tape stimuli were separated for comparison

with those responses for the same story words in the first study
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elicited with picture stimuli, to test for any differences in
vowel duration under the different stimulus(conditions.

A male graduate student in linguistics who had experience in
recording phonological items for testing recorded the stimulus
tapes.l» He recorded the words with a normal conversational list
intonation pattern. Recording was done under the same conditions
22 described in Chapter 2.

Vowel duration measurements for the stimulus words were taken
from duplex oscillograms producsd and segmented as described in
Aprendix B.

SUBJECTS

Group 1
The same children who participated in the first study participated
in this study for 7 months. The tean age was 27.6 months when this
study vegan, and 33.2 months when the study was finished.
Group 2
The same children who participated in the first study participated
in this study for 3 months. The mean age was 2. months when this study
began, and 24 months when the study was finished.
PROCEDURE
A parent of each child accompanied him tc the Department of
Linguistics Phonetics Laboratory each month. The parent, the child

and the experimenter sat at a table in a-sound-treated booth and the

82
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same recording equipment used in the first study was used here. The
stimulus tape was played back on a Sony tape recorder (Model TC-777-4)
which was outside the booth, at the recorded speed of 7i.p.s. and .
amplified in the sound-treated booth through a Sony amplifier (Model
SSA 3). For a schematic dlagram of this recording procedufe see

Fig. 14.

The child was taught how to push the Sony remote control buttons
which played back the words from the stimulus tape; The experimenter
said to the child, "Push the.button and you will hear & man talk."
The child then pushed the playback button and heard the male voice
utter a word from the stiqulus tape. The experimenter theﬁ stopped
the tape and said to the child, "Say what the man just said.' The
child then uttered the word just played back from the stimulus tape.
1f the child uttered a totally incorrect word or did not hear the
stimulus word, the experimenter used the remote control to wind
the tape back and the same stimulus word was tested for again with
the' above procedure. This procedure was used for all words. After
the child understood the task, there was no need for the experimenter
to say, "'Say what the man just said,’” and the recording session went
on through the initiative of the child.

Each child in Group 1 completed Stimulus Tape A once one month,
then stimulus Tape B once the next, and so on. Each child in Group 2
completed Stimulus Tape A twice in the first month; in the second
month he was not asked to respond to Stimulus Tape A or B. 1In the
third month, he was test2d with Stimulus Tape A in the same way he

]E T}:ad been in the first month.
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with a stimulus tape at the Department of Linguistics
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_ When the children were under 30 months of age, any toys or
candy in the sound-treated booth severely distracted the child from
the task and they had to be removed. Aftér 30 moaths of age, it
was helpful to reward the child with a small piece of candy after
each word was said. This was set aside for 1§te; as the task could
not be performé&, of course, while the chii& had something in his
mouth. |

A p&rent nf each child was recorded under the same conditions

over a 3 month perfiod. Each parent completed Stimulus Tape A or

Stimulus Tape B once each month.

Acoustic Analysis of Responses

The respcnses were analyzed, transcribed and coded exactly as

they were in the first study.

RESULTS AND DISCUSSION

The same 5 scoring procedure types which were used in the first

study were used in this study.

Response utterances from the 9 children from the 2 groups in
this longitudinal study were separated into 5 groupings based on age

and recording session number in the following way:

Session Mean No. of Group
No. Age (mo.) Children No.
1 22 3 2
3 24 3 2
2-3 28 6 1
4-5 30 6 1
6-8 32 6 1
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The vowel durations with /i/ were treated separately for the
story words and the constant /#p--/ words, for reasons discussed

eaxrlier.

STATISTICAL ANALYSIS OF RESPONSES

The statistical analysis was done on the vowel durations produced.
by the 3 children in Group 2. Only the responses for the children
in Group 2 were used in this analysis, not Group 1, because the
former had a minimum of 3 observations per chiid per word per session,

and the latter had only 1 or 2. Only responses from scoring precedure

type 1 (All reéponse consonants as a function of the stimulus) were used,

In session 1 approximately 21X of the firal response consonants were

incorrect; in session 3, approximately 14X were incorrect.

To find out if the children were following the vowel duration
of the stimulus taps, a completely repeated measures analysis of
variance test was performed on the difference between the children's
mean vowel durations and those on the tape, with the design, session
(2) by word set (2) by manner (2) by voicing (2).

The overall mean vowel duration differences from the stimulus
tape were significantly different between sessions 1 and 3 (F(1,2) =
2100.79, p < .01). The mean duration in session i (stimulus tape
values given in parenthesis) was 292 msec (291), a difference of 1 msec
from the stimulus tape, and in session 3, 321 (291), a difference of
30 msec. These overall differences are very small in absolute terms,
however, and a 31 msec difference in performance over a 2-month period

Q
[E [(:s probably not a very large difference i terms of speech production.
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It is, however, probable that the children Qere imitating the
durations on the tape in both sessions because not one other production
factor showed up as significantly different from thosé on the tape
at the p < .05 level. This will Se discussed later with comparison
of these vowel duration values with those produced with the picture
stimuli for the vowel /i/ in the first study.

To test fortiigzigfcant diffgfences in the actual vowel durations
produced by the children, a completely repeated measures analysis
of variance test Qas<performed on the children's vowel duration means
with the same design which was used above.

Mean vowel duration was not found to differ significantly for
the 2 word sets used - story words vs. constant l#p--/ words. Thus,
the children treated the unfamiliar words as they had the story
words in this study and the following results hold for both sets
of words. |

In the children's utterances, vowel duration was significantly
greater before stimulus voiced consonants than before stimulus
voiceless consonants (F(1,2) = 63.68, p < .05). The children's
mean vowel duration (stimulus tape values given in parenthesis)
before voiceless consonants wa§ 212 (207) and before voiced consonaats,
401 (376). The children's voiceless-tu-voiced ratio was .52 (.55).
This is a similar finding to that in the first study where there was
a significant difference between the duratfon before voiceless

consonants, 243, and before voiced ccnsonants, 424. The voiceless-

to-voiced ratio in the first study was .57.
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The children's vowels were significantly longer before final
stimulus fricatives than before stimulus stops (F(1,2) = 22.30, p< .03).
For children, the mean vowel duration before stops (stimulus tape
values given in parenthesis) was 245 (200) and before fricatives, 368
(321). The difference between vowel duration before stops and fricatives
was not significant in the first study. For that study, the value for
/i! was 324 beforc stops and 343 before fricatives.

DESCRIPTIVE ANALYSIS OF RESPONSES

Vowel duration in relation to voicing of final stops

Final stops after /i/ in story words. Table 14 lists the incorrect

final response consonants substituted in /fit/ and /sid/ in this tape
study. Comparison of the percentage of incorrect final response
consonants in tﬁis study and the first study for the story words,
/fit/ and /sid/, in the table below shows that in most Age groups

there were fewer errors with the tape stimulus than the picture

stimulus.
Mean
Age (mo.) Percent incorrect final response consonants
/fit/ /sid/
Tape Picture Tape Picture Tape Picture
22 22 0% 8% 41% 507%
24 24 0% 0% 25% 33%
28 27 4% 11% 33% 25%
30 30 47, 87 0% 167%
32 34 8% 2% 0% 2%

O

ERIC 88

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

Table 14

67

Second study, children's responses to taped stimuli of normal duration.

Incorrect response consonants and missing responses

for /i/ before stops

Sess. Mean /fit/ [sid/ /pip/ /pib/
No. Age(mo.) Vl.st. Vd.st. Vvl.st., vd.st.
1 22 Inc. resp. cons. o _ 5/t/ 0 4/m/

No. inc. resps. @ 5 o T F
% inc. resps. 0% 41% 0% 337%
No. missing resps.0 0 0 0
% missing resps. 0% 0% 0% 0%
3 24 Inc. resp. cons, 0 1/t/ 0 3/p/
1/n/
I Y414 e
No. inc. resps. 0 3 0 3
% inc. resps. 0% 25% 0% 25%
No. missing resps.0 0 0 0
% wissing resps. 0% 0% 0% 0%
2-3 28 Inc. resp. cons. 1/d/ 6/¢/ 0 6/p/
1/n/ 1/n/
1/v/ o
No. inc. resps. 1 8 0 7
7 inc. resps. 4% 33% 07, 297
Ro. missing resps3 2 3 1
% missing resps. 12% 8% 127 49,
4-5 30 Inc. resp. cons. 1/ts/ 0 0 2/p/
— _ Y
No. inc. resps. 1 0 0 3
% inc. resps. 4% 0% 8% 12%
No. missing resps.Q 0 1 0
L % missing resps. 0% 0% 47 0%
6-8 32 Inc. resp. cons. 3/ts/ 0 0 1p/
No. inc. resps. 3 0 T
7% inc. resps. 87, 0% 0% 27
No. missing resps.Q 0 0 0
% missing resps. 07 0% 0% 0%
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This is to be expected since the entire CVC model was presented
to the child immediately before he uttered the response. With the
tape stimuli there was a small increasing error rate over age
for the voiceless stop /t/, and a decreasing error rate for the
voiced stop /d/. The substitutions followed the same pattern
they had in the first study, i.e. for /t/, /ts/,which probably
included the regular plural morpheme, and for /d/, the
voiceless counterpart /t/.

Despite the incorrect production of some of the final
response consonants, scoring procedure type 1 on Table 15
and Fig. 15 shows that correct differential vowel duration was
produced througliout all age groups. The voiceless-to-voiced ratio
vas ,51 at 22 months and .52 at 32 months. The stimulus
tape ratio was .64, and that for the parents was .60. The same
pattern was seen in scoring procedure types 2 and 3.

Scoring procedure types 4 and 5 are listed in Table 15 and
displayed in Fig. 15. The same general pattern which was seen
for vowel duration with incorrect final response consoneénts in the
first study is scen in the incorrect respanses in this study. As

noted ahove, hoscver, there vere fewer incorrect responses with the tape

'ERIC 90
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Table 15

Second study, children's responses to taped stimuli of normal

/sid/, as a function of children's age

Mean vowel duration (msec) for /i/ hefore stops in /fit/,

69

Stim. tape:

vl. st. /fit/ 208, vd. st. /sid/ 325, V1./Vd. Ratio .64

Type 1 Type 2 Type 3 Type 4 Type 5
Sess.Child Age  All resp. Response All corvect 1Inc R Inc R
No. No. (mo) cons/stim cons/resp resp cons  cons/S cons/R
L V1. Vd. Rat. V1. Vd. Rat. V1. Vd. Rat. V1. Vd. V1. vd,
1 7 24 212 296 .72 200 345 .58 212 345 .62 --- 150 150 ---
1 8 21 162 424 .38 236 410 .58 162 410 .40 -~- 438 286 -~-
1 9 21 130 278 .47 180 275 .66 130 275 .47 - 282 282 —--
[ Mean 22 188 332 .51 206 343 .60 168 353 .49 =-<- 290 239 —-C
3 7 26 168 356 .47 168 356 .47 168 356 .47 -a- <ne —mm oon
3 8 23 254 382 .66 298 428 .70 254 428 .59 == 338 330 ---
3 9 23 104 312 .33 104 308 .34 104 308 .34 -~ 325 --x -~
3 Mean 24 175 350 .50 190 364 .52 175 364 .48 <-—- 331 330 ~~-
277371  28.5 194 490 .40 194 485 .40 194 485 .40 -=- 505 —-= ---
2-3 2 2B.5 284 521 .54 232 485 .48 226 495 .46 455 600 240 455
2-3 3 27 160 318 .50 160 318 .50 160 318 .50 -—wc —ce —oo -ue
2.3 4 26.5 191 246 .78 218 -~= -=u 191 -~ —-- e 246 246 ---
2-3 5 28.5 190 260 .73 227 238 .96 190 238 .80 --- 282 282 ---
2-3 6 28.5 202 486 .42 202 486 .42 202 486 .42 eem ——m e —==
73 Mean 28 204 386 .53 206 402 .51 194 404 .48 455 408 256 455
BI5 17 30.5 268 2381.13 225 238 .95 2257238 .95 310 === —=- -<=
4-5 2 30.5 198 305 .65 198 305 .65 198 305 .65 =—e-= === —=< ~==
4~5 3 28.5 234 392 .60 234 392 .60 234 392 .60 - —mm —cm —an
4-5 & 28,5 138 301 .46 138 301 .46 138 301 .46 ~-- —=~ —-c ——-
4.5 5 30.5 155 210 .74 155 210 .74 155 210 .74 ccm wme —me —u-
-5 6  30.5 231 375 .62 231 375 .62 231 375 .62 wc- mem o= anm
KIS Moan 30 204 304 .67 196 304 .65 196 304 .65 310 === —-= =o=
68 1 T3Y TT240 453 .53 198 453 .44 198 453 .44 282 —-- --- ---
6-8 2 33 242 376 .64 241 375 .64 242 376 .64 —-= mce —mn -m-
6-8 3 31 174 424 .41 174 424 .61 174 424 4] eme coe e oo
6-8 4 31 206 353 ,58 206 353 .58 206 353 .58 eev oo ame ~a-
6-8 5 33 240 440 ,54 240 438 .55 240 440 .54 -~-- —== ~—- 425
t-8 60 33 165 404 .41 165 404 .41 165 404 41 oo~ cae —os
6-8Mean 37 211 408 .52 204 408 .50 204 408 .50 282 --= --- 425
Parent No.
1-3 7 186 397 .47
1-3 8 225 380 .59
-3 9 192 308 .63
-3 1 159 230 .69
1-3 2 168 250 .67
-3 3 180 302 .60
1-3 4 185 265 .70
i-3 176 270 .65
-3 6 — - 168 494 52 _
1-3 Mean _182.300 .60 _
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stimuli than with the picture stimuli, thus, the graphic displays of
the incorrect response data are not as full and are more difficult
to interpret.

stop /t/ substituted for the stimulus voiced stop /d/ as mentioned

Most of the iIncorrect response consonants were vofceless

above. Figure 16 shows the mean vowel duration with voiceless

stops used correctly, with voiced stops used correctly, and voiceless
stops substituted incorrectly for the voiced stop /d/.
clearly shows that vowel duration with the voiceless

incorrectly for the voiced stop was closer to that w'

stop used correctly, than to that with the voiceless stop us

correctly.

vowel duration produced with stops was usually appropriatc for the

Thus, in this study, as was found ian the

final stimulus consonant, not the final response consonan:.

This figure
stop subscituted

th the voiced

ed

first study,

The mean vowel duration values produced by the children in

this study are compared to tliose in the first study (scoring procedure

type 1) in the table below:

Mean
Age (mo.)

Tape
22
24
28
30
32

This table and Fig.

Picture
22
24
27
30
34

Mean vowel duration (msec)

[Eit/ /sid/
Tape  Picture Tape Picture
168 180 332 346
175 306 350 464
204 240 386 371
204 191 304 354
211 269 408 424

17 show that the durations were not very

different under the 2 stimulus conditions.

however, that the durations were much more consistent (especially

It can also be seen,
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before voiceless stop) with the tape stimuli study than with the
picture stimuli study, although correct differential vowel duration
was maintained in both studies from the mean age of 22 months.

Final stops after /i/ in constant /#p--/ words. As mentioned

above, che statistical analysis showed no significant difference

in these words f{rom the story words. Table l4 shows there

were no errors for final voiceless stop /p/. It also shows about the

. same error rate for the final voiced stop /b/ as for the final voiced
stop /d/ from the story words. Scoring procedure types 1, 2, 3, 4
and 5 in Table 16 and Fig. 18 show a pattern similar to that for the
story words. Comparison of scoring procedure type 5 to Type 3 on
Fig. 17 shows that here, also, the vowel duration used with voiceless
stops incorrectly substituted for voiced stops was close:' to that for
correctly used veiced stops than voiceless stops.

Vowel duration in relation to voicing of final fricatives

Final fricatives after /il in story words. Table 17 lists

the incorrect final response consonants substituted in /tit/ and
/piz/. A compavrison of the percentage of these final respounse
consonants for the story wo'ds and those in the first study is

given in the table below:

ERIC 96
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Second study, children's responses to taped stimuli of normal
duration. Mean vowel duration (msec) for /i/ before stops in /pip/,
/pib/, as a functicn of children's age
Stim. tape: V1. st. /pip/ 192, vd. si. /pib/ 325, v1./vd. Ratio .59
Type 1 Type 2 Type 3 Type 4 Type 5
Sess.Child Age All resp. Response All correct Inc R Inc R
No. No. (mo) cons/stim cons/resp resp cons cons/S cons/R
V1. vd. Rar. V1, Vd. Rat. vl. vd. kat. V1. Vd. V1., vd.
1 7 24 155 251 .62 155 251 .62 155 251 .62 === === cec ---
1 8 21 204 404 .50 204 355 .57 204 355 .57 —-.. 420 ——c -
1 9 21 121 214 .57 121 200 _.61 121 200 .61 —-- 255 ——-e ===
"1 Mean 22 160 290 .55 160 268 .60 160 268 .60 --- 338 ———= ——-
3 7 26 176 370 .48 176 37C .48 176 370 48 - cce e ===
3 8 23 182 378 .48 275 320 .8 182 320 ,57 --- 398 398 ---
) 9 23 80 285 ,28 80 285 .28 80 285 .28 —en cor e oo
3 Tean 24 146 344 .42 177 325 .54 146 325 .45 --- %98 398 ---
2.3 1 28.5 245 298 .82 245 298 .82 245 298 .82 <<= --e —oo ——-
2-3 2 28.5 211 510 .41 246 508 .48 211 508 .42 --- 512 385 -—-
2-3 3 27 202 290 .70 202 290 .70 202 290 .70 === === —me -=-
2-3 4 26,5 121 185 .66 153 -—-- ——- 121 ~—-- -=- -~=- 185 185 ---
2-3 5 28.5 172 282 .61 222 252 .88 172 252 .68 -~ 375 375 --u
2-3 6 28.5 225 308 ,73 225 308 .73 225 398 .73 ——— =
2-3 Mean 28 196 312 .63 216 331 .65 196 331 52__ Jﬁﬁwlli_:;:_,
45771 36.5 182 325 .56 182 325 .56 182 325 .56 —-- —<m —mm ——-
4-5 2 30.5 194 350 .55 194 350 .55 194 350 .55 -—oc === ceu —-s
55 3 28.5 166 445 .37 166 392 .42 166 392 .42 --- 605 --- -~
4-5 4 28.5 145 264 .55 203 208 .98 145 208 .70 --- 320 320 ---
4-5 5 30.5 120 246 .49 120 246 .49 120 246 .49 —c wom oo oo
[4"_5 o 30.5 175 346 .51 175 346 il 125 3&5 .5_],_—_—_—_:::__:::__—_—_—___
%S Hean 30 164 329 .50 174 311 ,56__164 311 ,53 --- 462 320 ---
6-8 T 33 242 428 ,55 242 438 .55 242 438 .55 —=c —on —em -o-
6-8 2 33 234 325 .72 234 345 .68 234 345 .68 --- 230 230 ---
6-8 3 3L 138 333 .41 138 333 .41 138 333 .41 -~- - cme ——-
-8 4 31 148 219 .67 148 219 .67 148 219 .67 —ec e —me ——c
6-8 5 33 202 374 .54 202 374 .54 202 374 .54 ——c e —em -
6-8 6 33 144 322 .45 144 322 45 164 322 .45 ==
-8 Hean 37 184 336 .55 184 338 ,55_ 184 218 .59 23Q 230
“Pacent No.
-3 7 172 390 .44
1-3 8 212 372 .57
1-3 9 194 296 .65
-3 1 122 222 .55
1-3 2 172 286 .60
1-3 3 173 300 .58
-3 4 142 238 .60
1-3 5 153 219 .70
o W3 6 166 258 .64 __
1-3 Mean 167 286 .58
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Mean
Age (@2.) Percent incorrect final response conSonants
/tie/ /piz/

Tape  Picture Tape  Picture Tape  Picture
22 22 33% 33% 41% 417
24 24 33% 33% 8% 417,
28 27 167% 19% 25% 30%
30 30 4%, 5% 16% 11%
32 34 0% 0% 8% 47

From the above table it can be seen that in most age groups
there were fewer errors with the tape stimuli than with the picture
stimuli; exceptions are at 30 and 32 (34) months. There was a
decreasing error rate in both conditions. The substitutions in this
study were of the same variety as found in the first study - primarily
voiceless fricative /s/ for the stimulus voiced fricative /z/.

Decgpite the incorrect produztion of some of the final response
consonants, scoring procedure typce 1 on Table 18 and Fig. 19 shows
correct diflerential vowel duralion to have been produced throughout
all age groups. The voiceless-to-yoiced ratlo was .01 at 22 wonths
and .52 at 32 months. The stimmlus tape vatio was .51 and that
for the parents was .54. The same pattern was also seen in scoring
procedure types 2 and 3.

Scoring procedure types # and 5 are listed in Table 18 and

displayed on Fig. 19. They show the same pattern which the incorrect

ERIC
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Table 17

Second study, children’s responses to taped stimuli of normal duration.
Incorrect response consonants and wmissing responses
for /i/ before fricatives

Sess. Mean /tio/ [piz/ /pis/ Ipiz/
_No. Age(mo.) V1.fr. Vd.fr. Vl.fr. Vd.fr.
1 22 Inc. resp. cons. A&/t/ 5/s/ 0 2/s/

R . Vdel
No. inc. resp. 4 5 0 )
% inc. resp. 33% 41% 0% 25%
No. missing resp. O 0 0 0
_ % missing resp. 0% 0% 0% 0%
3 24 Inc. resp. cons. &4/t/ 1/s/ 0 2/s/
. o ____ LUsts/
No. inc. resp. 4 r 0 T
% 1nc. resp. 33% 8% 0% 25%
No. missing resp. O 0 0 0
% missing resp. 0% 0% 0% 0%
2-3 28 Inc. resp. cons. 2/t/ 3/s/ Yzl  2/tfl
vefr 281 18/ 1s/
1/ts/ 1/ts/ 1/es/ 1/dz/
o 1/dz/ l/bz/
No. inc. resp. A 6 % 5
% inc. resp. 16% 25% 16% 207
No. missing resp. 3 2 2 3
4 missing resp. 12% 8% 8% 12%
&-5 30 Inc. resp. cons. L/z/ 2/s/ 2/8/  1/9/
U 1/tes/
No. inc. resp. 1 4 3 1
% inc. resp. 47, 16% 127, 4%
No, nmissing resp. ¢ 1 0 0
. % missing resp. % 0% 0% 0%
6-8 32 Inc. resp. cons. O 210/ 1/2/ O
U4/ e
No. inc. resp. 0 3 1 0
% inc. resp. 0% 8% 27% 0%
No. missing resp. O 0 0 0
L % missing resp. 07 07 0% 0%
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Table 18
Second study, children's responses to taped stimuii of normal
durition. Mean vowel duration (msec) for /i/ lL:fore fricatives in /ti@/,
/piz/, as a function of children's age

Stim. tape: Vi. fr. /ti@/ 205, vd. fr. /piz/ 400, V1./vd, Ratio .51

Type 1 Type 2 Type 3 Type 4 Type 5
Sess.Child Age  All resp. Response All corvect Inc R Inc R
No. No. (mo) cons/stim cons/resp resp cons cons/S cons/R

V1. Va, Rat. V1. Vd. Rat. V1. Vd. Rat. V1, Vd. V1. Vd.

24 231 331 .70 231 331 .70 231 331 .70 ~=e= —cc mem e
21 210 475 .44 372 578 .65 ~-- 578 === 210 372 372 ~--
21- 321 442 ,73 357 555 .64 321 555 .58 ~=- 405 405 --=
22 254 416 .61 320 488 .66 276 488 .57 210 388 388 ---.
26 180 470 .38 180 470 .38 180 470 .38 —me —u=m cne ——o
23 311 668 .47 610 688 .89 ~-- 688 --- 311 610 610 -—-
23 311 445 .70 311 445 .70 311 445 ,70  -i-

<4 268 528 ,51 367 534 .69 246 534 .46. 311 610 610 ---
25.5 315 468 .67 315 445 .71 315 415 .76 --- 520 —-- 505
28.5 261 590 .44 282 590 .48 282 590 .48 240 ~mm —mm -
27 188 480 .39 188 480 .39 188 480 .39 —e~ —me aom -—x
26.5 156 250 .63 229 oo —-- 165 ~-= --= 148 250 272 ---
28.5 308 315 .97 308 315 .98 308 315 ,98 w—-- mmm mmm mee
28.5 382 602 .63 382 602 .63 382 602 .63 —e- ——- === —==
28 768 450 .59 284 486 .58 273 480 .57 194 385 272 505

3

‘uwuu.—-r—w—»—
=

rot
Ty t 1}

SN N NN
|
DV W W W v W
=
o

NS WM DI I N Do e o o~

n
= 30.5 350 415 .82 340 415 .82 340 415 .82 ez —om mme ——-
- 30.5 295 334 .88 268 342 .78 268 334 .80 375 —ee —m- 375
- 28.5 320 561 .57 320 565 .57 320 565 .57 == 558 === —ax
b 28.5 255 350 .73 285 332 .86 255 332 .77 --- 405 405 ---
hag o 30,5 196 308 .64 196 308 .64 196 308 .64 oo ——- e —ee
4-5 6 30,5 241 454 .53 248 513 48 241 513 47 == 275 275 ---
oS Memn 30 TZ7GLCE T8 276 412 .67 270 411 .66 375 412 340 375
68 1 33 773197576 .55 319 586 .54 319 586 .54 —-- 558 ——x ——-
6-3 2 33 220 338 .65 220 338 .65 220 338 .65 ~-- —me e —m-
6-& 3 31 182 490 .37 182 490 .37 182 490 .37 wem mce cmm ana
6-8 4 31 223 384 .53 223 384 .58 223 384 ,58 -—-- ——= cme -
-8 5 33 272 568 .48 272 596 46 272 596 46 =-= 425 —ae —v=
b-8 v 33 240 450 .53 240 456 .53 240 456 .53 === ~=c —oc ~--
O-8Mean I 42 468 52 242 475 .51 242 475 .51 --== 491 =-- oo
o -P-‘l iy 1?[7‘?0 .
-3 7 255 549 .46
-3 3 252 416 .61
i-y 9 224 420 .53
-4 209 320 .65
-3 2 209 355 .59
-1 3 212 430 .49
-3 4 ‘ 202 362 .56
-3 5 196 388 .51
-3 6 213 364 .59 __ -

O IEyMean 219 400 .54
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substitutions showed for the stops in this study. Figure 20 shows
the mean vowel duration with voiceless fricativas used incorrectly
with voiced fricatives used correctly, and voic2less fricatives
incorrectly substituted for the voiced fricativz /z/. The figure
clearly shows that vowel duration with the voic2less fricatives
is closer to that with the voiced fricatives us2d correctly than to
that with the voiceless fricatives used correctly. Thus, in this
study, as in the first study, vowel duration with fricatives was
usually produced according to the final stimulus consonant, not the
final response consonant.

The mean vowel duration values produced by the children in this
study are compared to those in the first study (scoring procedure

type 1) in the table below:

Mean
Age (mo.l Mean vowel duration {msec)
/tio/ /piz/

Tape EEEEQEE Tene E}cture Dif, Tape Picture pif.
22 22 254 225 29 41o 430 14
24 24 268 262 6 528 456 72
28 27 268 308 40 450 475 25
30 30 274 290 16 404 459 55
32 34 242 210 32 468 497 29

The differcnce in the durations between the tape and picture
studies 1s not very great. There appears to bc more consistency in
the duration before the voiceless fricatives in the tape study than
the picturc study, and they were about the same¢ for the 2 conditions

for the voiced fricatives. Figure 21 shows this ou a bar graplh.
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Final fricatives after /i/ in constant /#p--/ words. Table

17 shows there were some errors for the voiceless fricative /s/

at 28, 30, and 32 months, but none ecarlier. Most of the errors

vere for the voiced fricative /z/ and these were of the same nature

as those for the voiced fricative /z/ in the story words (thc actual
CVC word was the same). The most common substitution was the voiceless
fricative /s/. Scoring procedure types 1, 2, 3, &4 and 5 in Table 19
and Fig. 22 show a pattern similar to that for the story words.

Scoring proceduré type 5 is compared to Type 3 on Fig. 20 and it

shows that here alsc, the vowel duration used with voiceless fricatives
incorrectly substituted for the voiced fricative was closer in duration

to that for correctly used voiced fricatives than voiceless fricatives.

Vowel duration in relation to manner of articulation of fiqgl

consonants

Final stops and fricatives in story words. Tables l4 and 17

show the errors produced for stops and fricatives; these have
been discussed under Questions 1 and 2. The manrer of production,
stop, was never confused with the manner of producton, Iricative,

as was the case for voicing.
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Table 19 85
Second study, children's responses to taped stimuli of normal
duration. Mean vowel duration {(msec) for /i/ before fricatives in /pis/,
/piz/, as a function ofchildren's age

Stim. tape: V1. fr. /pis/ 225, Vd. fr. /piz/ 455, v1/Vd. Ratio .49

Type 1 Type 2 Type 3 Type 4 Type 5
Sess.Child Age ALl resp. Response All correct Inc R Inc R
No. No. (mo) cons/stim cons/resp rosp cons  cons/S cons/R
. v1l. vd. Rat. V1. Vd. Rat, V1, Vd. Rat. V1. Vd. V1. vd.
1 7 24 220 392 .56 220 415 .53 220 415 ,53 -—— 325 --= _eo
1 8 21 332 485 .66 334 520 .64 322 520 .62 ~-- 380 380 ---
1 9 21 295 443 .66 312 465 .67 295 465 .63 --- 380 380 ---
"1 Mean 22 279 LAO .62 288 466 .62 279 466 .60 --- 361 380 —--
3 7 26 201 480 .42 201 480 .42 201 480 .42 oo ——— —oo ——-
3 8 23 320 500 .64 371 680 .55 320 680 .47 --- 440 440 ---
3 9 23 238 551 .43 238 551 .43 238 551 .43 w-= —m- ——o ---
3 Mean 24 253 510 .50 270 570 .47 253 570 .44 --- 440 440 --~
223771 TIRDY 240 431 56 258 431 .60 258 431 .60 185 ——— ——— ——-
2-3 2 28.5 448 561 .80 522 549 .95 462 561 .82 432 --- 640 500
-3 327 128 438 .29 128 438 .29 128 438 129 —cw —oo oo ——-
2-3 4 26.5 170 205 .83 178 320 .56 183 320 .57 130 166 165 ——-
2-3 5 28,5 225 332 ,68 225 386 .58 225 386 .58 --- 170 --- ---
2-% 6 28.5 342 610 .56 342 502 .68 342 502 .68 --- 825 ——- -
2-3 Mean 28 "7587430 .60 276 438 .63 266 440 .6: 249 387 402_500
455717 3057280 462 .61 280 400 .70 280 400 .70 --- 525 ——— ——-
4-5 2 30,5 314 410 .77 314 410 .77 314 410 .77 —-- ——o oo -
4-5 3 28,5 481 541 .89 515 610 .84 515 610 .84 470 335 —-- —--
4-% 4 23,5 202 415 .49 202 415 .49 202 415 49 --- mom - —e-
4.5 5 3.5 172 364 .47 172 364 47 172 364 47 e oo mem mam
45 b 30.5 210 350 .60 210 350 .60 210 350 .60 -—-- —e— —ow -
"S5 Mean 10 276 424 65 282 424 .6 282 424 .66 470 430 —-- ---
-8 1 33 358 704 .5t 358 704 .51 358 704 .51 oo —oo —me oo
6-8& 2 32 286 328 .88 288 320 .90 288 328 .88 280 --- --- 280
6-8 3 31 240 505 .48 240 505 .48 24D 505 .48 - mom oo o
6-8 4 31 198 370 .53 198 370 .53 198 370 ,53 --= =oe —oc --=
n-8 5 33 322 509 .63 322 509 .63 322 509 .63 —-n —om —me oo
o-8 6 1i 174 472 .37 174 472 .37 174 472 37 —== —=c —cc -—o
68 Mean 263748255 204 480 .55 264 482 .55 280 --- --- 280
Parent Ao
-3 7 220 558 .40
1-3 8 246 434 .57
1-3 9 232 420 .55
1-3 1 200 312 .64
1-3 2 219 368 .60
-3 3 211 459 .46
-3 4 205 372 .55
-3 05 189 376 .50
1.3 6 . 182 425 .43
1-3Mean _ 212 414 .51




4%
¢
3
{
h
b
¥
1
t
¢
t
E
t
{

86

*98e s,ua2apTIYd jo uorlduny e se ‘/zrd; ¢/std/ ul sAATIEDTI]

?8310393q /I/ 10 OT3el UOTIBANp puE UOTIEIND TBMO0A UBI
Tewaou jo TInurls padel o031 sasuodsai s, udapIiyd ‘Apnis puodag

2t 0t 82 kA4 AN

(*ow) 93e s, K uUIPTIYD

43 ﬁm 87 NN a4

‘uorjeaap
2T 914

e 0t 8T 9T ¢

=
4 I G | A 4 c
=
_ | 2
SONTEA S ,UAPTTIYD = D ~
sanleA ,sjualed = g < mull.b:l L < u”"”ﬂ\&l”ﬂ.u ﬁ RS e =3 oG UO.
sonyea odey snynwiig = J d S < N I N7 ¢ BT -
—_— ("pA/*14) oTl1e1 UOIIVANQ " - o
S9AT i i "00°T
132911 PODIOA 231033q uoliring _
)
* = — = =S3ATIEOTAY N
§SSTIDI0A 230J9q UOTIBANG <
0 <
2¢ 0% 8¢ vz 22 A% mm 8¢ ¢w wa Te 0f 87 Nw mN mm @m mN NN mN mm € mN mw mm ool .
,m de-m————— - J —l L ow e e e —— - ﬁ oo = e - —— - g vvoo..u HM
Z IeTT T T T o M - m~1| ||||||| . M
O h.’ll‘\\!\l’:-l o D'll‘\..l‘lu‘\ (’:lﬁ\\'ulr.umﬁ -
Y F oL g2
~
[~
-
. ctY 3
g N Sy~ ﬁ ER ey ~eayunasm— ﬁ NS o Ui ﬁ ‘3
- o z “ : - £}
o v z ' z z
- b v ol -00¢ 3

umcoawwu\mucmCOmcou 003

asuodsai1 3daxiodul
¢ ad4g

SNTNWI3S/SIUBPUOSUOD
ssuodsaa 3d9aao0duy
##  adfy

sjupuosuod asucdsaa
3933110 11V
¢ 9d4g

ds5uodsal/s3uBUOSUOD
asuodsay
z 9dAg

SN{NLT3IS/$IUBLOSUOD
asuodsai 11V
1 9dL1

IC

Aruitoxt provided by Eic:

[E



87

Scoring procedure type 1 on Table 20 and Fig. 23 shows that
correct differential vowel duration was produced with stops vs.
fricatives continuously from 22 tc 32 months of age. The same
was true for scoring procedure types 2 and 3.

The mean vowel duration values produced by the children before
stops and fricatives in this study are compared to those in the first

study (scoring procedure type 1) in the table below:

Mean
Age (mo.) Mean vowel duration (msec)
Stops Fricatives
Tape Picture Tape Picture Tape Picture
22 22 250 263 335 328
24 24 262 385 397 359
27 28 295 305 360 408
30 30 254 272 339 391
32 34 310 346 356 403

It can be seen from this table that vowel duration was always
produced correctly with the tape stimuli, but this was not always
the case with the picture stimuli (24 mo.) Thus, this is the single
main differvnce bhelween the vowel durations produced in the first
and sccond stndices.

Pinal stops and fricatives in constant /fip--/ words. Scoring
procedure types 1, 2 and 3 in Table 21 and Fig. 24 show the same pattern
as the story words.

S IMMARY

Correct dirferential vowel duration was scen to have already

emerged at the youngest ages recorded with the tape stimuli - 21

ERIC

Aruitoxt provided by Eic:



——— e D e

88
Table 20

Second study, children's responses to taped stimulj of normal
duraticn. Mean vowel duration (msec) for /i/ before stops and fricatives
in the story words, as a Function of children's age

Stim. tape: Stops 266, Fricatives 307

Type 1 Type 2 Type 3
Sess.Child Age  All resp. Response All correct
No. No. (mo) cons/stim cons/resp resp cons
L St. Fr. St. Fr. St. Fr.
i 7 24 254 281 272 281 278 281
i § 21 293 342 323 475 286 578
1 G 21 204 382 228 456 202 438
T Mean 22 250 335 274 404 256 382
3 7726 262 325 262 325 262 325
1 8 23 318 490 362 649 340 68R
3 9 23 208 378 206 378 206 378
T3 Mean 247 262 397 277 450 270 390 _
=370 28.5 342 391 339 380 339 365
2.3 2 28.5 402 425 359 436 360 436
2-3 3 27 238 334 238 334 238 334
2.3 & 26.5 218 203 218 229 191 165
2.3 5 28.5 225 311 232 31t 214 311
2.3 6 28.5 364 492 344 492 344 492 .
Yy Mean 28295360 304 385 _ _ 299 316
FI5TTTT 30057252 378 231 378 231 378
4-5 2 30.5 251 314 251 305 251 301
4-5 3 28.5 313 440 313 442 313 442
4-5 4 28,5 219 302 219 308 219 293
4-5 5 30,5 182 252 182 252 182 252
h-3 a 30,5 303 348 303 380 303 377
G5 Wean 30 254 339 250 344 250 340
T8 T T3V T 34e 448 326 452 325 452
-3 2 33 308 279 308 279 308 279
6-8 3 31 299 336 209 336 299 336
h-8 & 31 280 304 780 304 280 304
n-8 5 33 340 420 339 434 340 434
b-% 6 33 284 348 284 348 284 348
b8 Mean 37 310 356 306 359 306 359
Parent No.
-3 7 292 402
1-3 & 302 334
-3« 250 322
-4 195 265
-3 2 209 282
-3 3 241 322
t-3 4 225 282
iod 9 222 292
-1 & R § U1 S
VY e T 240310
o Sod vear
ERIC
awiéﬁma 110
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Table 21
Second study, children's responses to taped stimuli of normal
duration. Mean vowel duration (msec) for /i/ before stops and fricatives
in the constant /#p--/ words, as a function of children's age

Stim. tape: Stops 258, Fricatives 340

Type 1 Type 2 . Type 2
Sess.Child Age  All resp. Response All correct
No. No. (mo) cons/stim cons/resp resp cons
St. Fr. St. Fr. St. Fr.
1 7 264 203 306 203 318 203 318
1 8 21 304 404 279 427 279 421
1 9 21 168 369 160 388 160 380
"1 Moan 22 224 360 214 378 214 372
3 7 26 273 340 273 340 273 340
3 8 23 280 410 298 526 251 500
3 9 23 182 395 182 395 182 395
3 Mean 26 7245 382 251 420 236 412
279771 2857272 336 772 344 272 344
2.3 2 28.5 360 504 376 535 359 512
2.3 3 27 246 282 246 282 246 282
2-3 4 26.5 153 188 153 249 121 252
223 5 28.5 227 279 237 306 212 306
2-3 b 28.5 266 476 266 422 266 422
T3 Tican 28 254 344 274 356 264 353
LI5TT1 T 3075725 371 254 340 254 340
4-5 2 30.5 272 362 272 362 272 362
4-5 3 28.5 306 511 278 562 278 562
4-5 4 28.5 204 308 205 308 176 308
4-5 5  30.5 183 268 183 268 183 268
4-5 o 30.5 260 280 260 280 260 280
A5 Foan 30 246 350 242 354 237 353
68 1T 3¥ 3407531 T T340 531 340 531
6-8 2 33 280 307 289 304 290 308
6-8 3 31 236 372 236 372 236 372
6-8 4 31 183 284 183 284 183 284
6-8 5 33 288 416 288 416 288 416
b-8 6 33 233 323 233 323 233 323
S8 Nean 37260 377 262 372 262 372
- “Pavent No.
-3 7 281 389
1-3 8 292 340
-3 9 245 326
1-3 1 172 256
1-3 = 229 293
-3 3 237 335
-3 4 190 288
-3 5 186 282
-3 6 212 04
1-3 Mean o . 227 312
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¥
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months - just as with the picture stimuli. There were fewer final
response consonant errors with the tape stimuli, however.

The statisti:al analysis showed there was no difference between
the 2 word sets used in the tape - story words vs. constant /#p--/
words. The children always produced longer vowels before voiced
than voiceless consonants, and longer vowels before fricatives than
stops from the earliest ages on, in this study. The former was also
true for responses produced in the first study, the latter was not.

Thus, tecause correct differential vowel duration was always
produced as it should have been for American English (regardless
of the nature of the final response consonant) for this study, and
that statement could not be made for the responses in the first
study, it is inferred that the children were probably imitating the

vowel duration on the stimulus tape and not necessarily producing

it according to the same internal model used in production of responses

with only the picture stimuli. More about che possibility of direct

imitation of tape stimuli was investigated in the third study.
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115

93




O

ERIC

Aruitoxt provided by Eic:

Chapter 4
THIRD STUDY ¢ VOWEL DURATION IN CHILDREN'S RESPONSES

ELICITED WITH TAPED STIMULI OF ABNORMAL EQUAL DURATION

INTRODUCTION

This study investigated the production of vowel duration in
utterances elicited with a stimulus tape which had stimulus words
of abnormal equal vowel durations. This was not a developmental
study but rather a study which asked the questions: Given that
the children were already producing correct differential vowel
duration before voiced and voiceless consonants in utterances
elicited with a story (no immediate model produced for them to
zopy) and that the children were also producing correct differential
vowel duration in utterances elicited with a stimulus tape which
had words with correct differential vowel durations (an immediate
model produced for them to copy), what did the children do when
prescnted with a stimulus tape which had words with abnormal equal
vowel durations? Would the children continue to produce correct
differential vowel duration, or would they follow the stimulus
tape? The children in Group 1 were tested from 34 to 36 months

of age; those in Group 2 were tested at 23 months of age.

116
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METHOD

STIMULUS MATERIALS

The same stimulus words which were used in Stimulus Tapes A and
B in the second study were used in the stimulus tapes in this study
for Stimulus Tape A' and B'. 7The same speaker recorded the stimuius
tapes using the same tape recording equipment. He recorded each
word with several different durations, using a monotone, list
intonation pattern. Vowel duration measurements for the stimulus
words were taken from duplex oscillograms produced and segmented
as described in Appendix B.

The utterances chosen for the stimulus tapes were then copied
from this original tape. The vowel duration for /fit/ was chosen
to match that for /sid/; the vowel duration for /ti®/, matched that
for /piz/; /pip/, /pib/; and /pis/, /piz/. Vords were copied onto
the tapes in the sam2 order in which they occurred in the Stimulus
Tapes A and B. For complete ordering and vowel duration values,
see Word list for stimulus tape A' and Word list for stimulus tape
R' in Appendix A.

SUBJECTS

Group 1

The same children who participated in the first study participated
in this study for 3 months, The mean age for children in this group

at the beginning of the study was 33.2 months and 35.6 at the end.

The same children vhe participated in the rirst study participated
in the [irst study participated in this study for | month, The mean

age for children in this group was 22 months.
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PROCEDURE

The tape recording procedure used in this study was the same as
that used in the second study.

Each child in Group 1 comple;ed Stimulus Tape A' the first month,
Stimulus Tape B' the second month, and Stimulus Tape A' again the
last month. Each child went through the tape once each month; i.e.
each word was uttered twice. Each child in G;oup 2 complefed Stimulus

Tape A' twice in the one month; i.e. each word was uttered four times.

Acoustic Analysis of Responses

The responses were analyzed, transcribed and coded exactly as they

were iu the secoud study.

RESULTS AND DISCUSSION

The same 5 scoring procedure types used in the first study were
used in this study.

Response utterances from the 2 groups formed the only 2 mean ages
observed in this study. For Group 2 the mean age was 23 months at
session 2. For Group 1, the mean age was 34 months over sessions 8,
9, 10.

The vowel durations were treated scparately for the story words

and the constant /#p--/ words just as they were in the second study.

“E ‘llC '
ERIC 118
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STATISTICAL ARALYSIS OF RESPONSES

A statistical analyéis was done on the vowel durations produced by
the 3 children from Group 2. Only the responses for the children in
Group 2 were used in this statistical analysis, not Group 1, because
the former had 2 minimum of 3 observations per child per word per
session, and the latter had only 1 or 2. Only responses from scoring
procedure type 1 (All response constants/stimulus) were used. In
the responses used, approximately 16% of the final response consonants
were incorrect.

To find out if the children were following the vowel duration
of the stimulus tape, a completely repeated measures analysis of
variance test was performed on the difference between the children's
mean vowel durations and those on the tape with the design, word
set (2) by manner (2) by voicing (2).

None of the factors tested were shown to be significantly
different from thiose on the stimulus tape at the p < .05 level.
However, the difference for voicing was at the p < .06 level,

(F(1,2) = 15.23, p < .06). Thus, the main factor which was
being tested (voicing) was a borderline case. This will be
further discussed later under tiie descriptive analysis.

To test for significant differences In the actual vowel
durations produced by the children, a compietely repeated measures
analysis of variance test was performed on the children's vowel

duration means with the same design which was csed above.

119
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In the children's utterances, vowel duration was significantly
greater before stimulus fricatives than before stimulus stops (F(1,2) =
63.61, p < .05). The chiidren's mean vowel duration before stops
(stimulus tape values given in parenthesis) was 235 (325) and before
fricatives was 324 (410). It was expected that manner of articulation
would test significantly different, however, because it was different
on the stimulus tape.

In the children's utterances, vowels were almost significantly
longer before final stimulus voiced consonants than before final
stimulus voiceless consonants (F(1,2) = 15,23, p < .06)., The
children's mean vowel duration before voiceless consonants was 229
(367) and before voiced consonants, 339 (367). The children did
produce the correct voiceless—to;voiced ratio ovérall, of .67 vs,
that on the tape which was 1.00. Thus, with a probability level of
p < .06, 1t seems that the children were really not imitating the
exact vowel durations on the tape but were producing the utterances
with a more normal vowel duration patteran to which they were

accustomed, as described in the first and second studies.

DESCRIPTIVE ANALYSIS OF RESPONSES

vowel duration in relation to voicing of final stops

Final stops after /i/ in story words., Table 22 lists the incorrect

final response consonants substituted in /fit/ and /sid/. The same
types of substitutions which were made in the first and second studies
for these words were also mede in this study. The voicelesé
affricate /ts/ was the main substitution for /t/ and the voiceless

stop /t/ was the main substitution for the voiced stop /d/.
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Table 22
Third study, children's responses to taped stimuli of abnormal equal duration.
Incorrect response consonants and missing responses
for /i/ before stops

Sess. Mean /Eit/  [sid/ /pip/ /pib/
No. Age (mo.) . Vl.st. Vd.st. ’ Vl.st. Vd.st.
2 23 Inc. resp. cons. 1l/ts/ 5/t/ 0 3/p/

No. inc. resp. 1 5 [ 3
% inc. resp. 8% 417 0% 25%
No. missing resp. 0 0 0 0
_ % missing resp. . 0% 0% 0% 0%
8-10 34 Inc. vesp. cons. O 0 0 6/m/
No. inc. resp. [1) 0 0 6
% inc. resp. 0% 0% 0% 16%
No. missing resp. 4 4 4 4
% missing resp. 11% 11% 11% 11%
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Aruitoxt provided by Eic:



100

Despite the incorrect production of some of the final response
consonants, scoring procedure type 1 on Table 23 and Figure 25
éhows that correct differential vowel duration was produced by
both groups of children at 23 and 34 months of age. The voiceless-
to-voiced ratio was .72 at 23 months, and .75 at 34 months. The
same pattern is seen in scoring procedure types 2 and 3.

Scoring procedure types 4 and 5 are listed in Table 23 and
displayed on Figure 25. The same general pattefn which was seen
in Type 4 in the other two studies is seen also in Type 4 in this
study. However, this is not the case for scoring procedure
type 5 for children at 23 months. Figure 26 shows that vowels
produced with incorrectly substituted voiceless stops for voiced
stop /d/ were closer in duration to that for voilceless stops
used correctly, than with voiced stops used correctly. Thus,
the vowel duration produced here was appropriate for the fi
response consonant, not the final stimulus consonant. Tiis 1is
contrary to‘the pattern set for final consonant substitutions in

H ‘ i

-~

the other tw» studies.

-

There were 5 instances of /t/ substitutions for /d/, 3 of
these by child 8 (black), and 2 of these by child 9 (white).
Both children exhibited the same pattern in vowel duration values for
the substituted consonant where vowel duration was appropriate for
1 the response consonant, not the stimulus consonant. This ma; be
©

FR]JC ue to perceptual confusion in the unusually long duration for these
e i e



Table 23 101
Third study, children's responses to taped stimuli of abnormal equal
duration. Mean vowel duration (msec) for /i/ before stops in /fit/,
/sid/, as a function of children's age

Stim, tape: V1., st. /fit/ 315, vd. st. /sid/ 315, V1./vd. Ratio 1.00

Type 1 Type 2 Type 3 Type 4 Type 5
All resp. Response All correct Inc R Inc R
Sess Child Age cons/stim cons/resy resp cons cons/S cons/R

No. No. (mo) V1. Vd. Rat. V1. Vd. Rat. V1. Vd. Rat. V1. Vd. V1, Vd.

2 7 25 198 315 .63 198 315 .63 198 315 .63 --— --- ——= ---
2 8 22 256 287 .89 256 330 .77 256 330 .78 --- 273 255 ~—-
2 9 22 166 266 .62 168 348 .48 156 348 .45 195 185 185 ---
2 Mcan 23" 307 290 .72 207 330 .63 203 330 .62 195 229 220 ———

8-10 1 35 345 456 ,76 345 456 .76 345 456 .76 -~= —=- ~=- ---
8-10 2 35 193 263 .73 193 263 .73 193 263 .73 -== -m- --~ -—-

3-10 3 33 349 468 ,75 349 468 .75 349 468 .75 --= =-- -—= ---
8-10 4 3z 208 228 .91 208 228 .91 208 228 .91 --- -=- --= ~=-
8-10 5 35 354 450 .79 354 450 .79 354 450 .79 --- ——- —-u ~--
8-10 5 35 228 364 .62 228 364 .62 228 36k .62 —=— === ———= -—-

8-10 Mean 34 279 372 ,75 280 372 ,75 279 372 .75 --= ——= —c- ---
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meaningful story words on the stimulus tape. Differential vowel
duration has been shown-to be a perceptual cue to final voiced con-
sonants in experiments with meaningful words where adult speakers of
English were used (Denes, 1955). Thus, when the children made devoic-
ing errors here, it was possible they thought they were actually trying
to articulate a different stimulus .consonant from the one actﬁally
presented to them.

This same type of devoicing confusion is seen for the story words -
with final fricatives in this study, but never for the perhaps meaning-
less constant /#p--/ words for either the stops or the fricatives.

The mean vowel duration values produced by the children in this
study are compared to those in the first and second studies in the
table telow (scoring procedure type 1) and in Fig. 17 in Chapter 3,

p.73. Stimulus tape values are in parenthesis.

Mean Mean vowel duration (msec)
Age (mo.) JEit/ (315) /sid/ (315)
Abnormal Normal Pict. Ab. Norm, Pict. Ab. Norm. Pict.
Tape Tape Tape Tape Tape Tape
23 22 22 207 168 180 290 332 346
34 32 34 279 211 269 372 408 424

This shows that the children in the 23 month age group were
increasing the duration before voiceless stops in this condition by
pulling it towards the duration for the st{imulus tape, but the
stimulus duration of 315 was inordinately long before voiceless stops
for them and at this age they were far from it in their productions.
For vowel duration before voiced stops, the 315 msec duration on the

tape was much more realistic as the produced value of 290 shows. The
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children in the 34 month age group came much closer to the duration
before voiceless stops than had those in the 23 month age group but
their vowels before voiceless stops in the previous studies were also
much longer than those for the 23 month old children. The children
at 34 months shortened vowels before voiced fricatives from the values
produced in previous studies to make it closer to the tape values.

Final stops after /i/ in constant /#p-~/ words. Table 22

shows there were no incorrect final response consonants

substituted for final /p/. The most common substitutions for /b/
were /p/ and /m/. Scoring procedure types 1, 2, 3 and 4 in Table 24
and Fig. 27 show a pattern similar to that for the story words ;1th
final stops.

Only 1 child, child 8, actually did imitate the durations on
the tape and she produced a voiceless-to~-voiced ratio near 1 or
greater. She did this at age 22 months for these constant /fip--/
words where the duration on the tape was 335 msec for both /pip/
and /pib/. Under scoring procedure type 1 the child produced vowel
duration before voiceless stops at 265, and before voiced stops at
281, with a ,94 ratio; under scoring procedure type 2, 274, 265,
with a 1.04 ratio; and under scoring procedure type 3, 265, 265, with
a 1.00 ratio. This child spoke black dialect, however, and some
features in the parental model were different from those for the
other children of white dialect in the study as mentioned in footnote
7 in Chapter 2. This child also made frequent use of voiceless con-
sonants for voiced consonants. She did s> for 62% of her "voiced"

consor.ant responses in this study. It is possible, thus, that siuce
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Third study, children's responses to taped stimuli of abnormal equal
Mean vowel duration (msec) for /i/ before stops in /pip/,

duration.

/pib/, as a function of children's age

Stim. tapes V1. st. /pip/ 335, vd. st. /pib/ 335, V1./Vd. Ratio 1.00

Type 1 Type 2 Type 3 Type 4 Type 5
All resp. Response All correct Inc R  Inc R
Sess Child Age cons/stim cons/resp resp cons cons/S cons/R
No. No. (mo) V1. Vd. Rat. V1. Vd. Rat. V1. vd. Rat., V1. vd. V1, Vd.
2 7 25 140 230 .61 140 230 .61 140 230 .61 --= === === ---
2 8 22 265281 .94 274 265104 265 265L00 --- 286 286 ---
2 9 22 158 256 .62 158 256 .62 158 256 .62 --- --- --- ===

2 Mcan 73 188 256 .73 191 250 .76 188 250 .75 === 286 286 ---
8-10 1 35 402 459 .87 402 ~=v --- 402 --- --- == 459 —cc -—-
8-10 2 35 215290 ,74 215290 .74 215290 .74 «-= --m ~-= ---
8~10 3 33 259 432 .60 259 432 .60 259 432 .60 --= -== —=- ---
8-10 4 32 200 248 .81 200 248 .81 200 248 .81 ~—-= -=- -=c ~==
8-10 5 35 318 376 .84 318 376 .84 318 376 .84 --= ~== —e= ---
8-10 6 35 223 318 ,70 223 318 .70 223 318 ,70 oo === == —--
8-10 Mean 34 269 354 .76 269 333 .81 269 233 .81 --- 459 --- ---
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the child rarely produced final voiced consonants, that increased
vowel duratioﬁ was not associated with final voiced consonants for

her and thus she had no problems imitating the abnormal equal dura--
tions for these unfamiliar words., Perhaps she had no internal pattern
which dictated increased vowel duration before voiced consonants
becausz she rarely used voiced consonants in final position.

Scoring procedure type 5 differs from that for the story words
with stops in this study, in that as shown on Fig. 26, the vowel
duration before voiceless Stops used incorrectly for voiced stops
was closer to that for the correctly used voiced stops than to that
for the voiceless stops. However, all the devoicing substitutions here
were contributed by child 8. These /#p--/ words may have been mean-
ingless to the child and thus, perceptually, they may have been
processed differently from the story words under these conditionms.
Perhaps the child was not expecting a particular vowel duration for
any of these words and was actually processing the entire word at
once, identifying the [inal consonant corrvectly, and then trying
to produce the correct vowel duration according to the total stimulus
actually perceived. However, the final voiced consona.it was devoiced
for some unknuwn reason, and the vowel duration was closer to that
for the stimulus consonant than for the response consonant. This
was the case in most devoicing substitutions in the first and second

studies for all children.
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Vowel duration in relation to voicing of final fricatives

Final fricatives after /i/ in story words. Table 25 lists

the incorrect final response consonants substituted in /ti@/

and /piz/. The same types of substitutions which were made

in the first and second studies for these words were also made in this
study. The voiceless stop /t/ was substituted for the voiceless fric-
ative /8/, and the ve'reless fricative /s/ for the voiced fricative /z/.

Despite the incorrect production of some of the final response
consonants, scoring procedure type 1 on Table 26 and Fig. 28 shows that
correct differential vowel duration was produced by both groups of
children at 23 and 34 months of age. The voiceless~to-voiced ratio
was .63 at 23 months and .78 at 34 months of age. The same pattern
is seen in scoring procedure types 2 and 3.

Scoring procedure types 4 and 5 are listed in Table 27 and Fig.
28. The same general pattern which was seen in Type 4 in the other
studles is also seen here, however, this is not the case for scoring
procedure type 5 for children at 23 months. Fig. 29 shows that vowel
duration produced with incorrectly substituted voiceless fricatives
for the voiced fricative /z/ was closer to that for voiceless frica-
tives used correctly, than to that with voiced fricatives used correctly.
Thus, the vowel duration here was appropriate for the final response
cunsonant, not the final stimulus ronsonant. There were 3 instances
of /s/ substitutions for /z/, 2 of these by child 8 (black) and 1 by
child 9 (white). Both children exhibited the same pattern in vowel
duration values for the substituted consonants where vowel duration

was appropriate for the response consonant, not the stimulus consonant.
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Table 25
Third study, children's responses to taped stimuli of abnormal
equal duration. Incorrect response consonants and missing responses
for /i/ before fricatives

Sess. Mean /e18/ [piz/ /pis/ [/piz/
No. Age (mo.) vi.fr. vd.fr. Vl.fr. vd.fr.
2 23 Inc. resp. cons. 3/t/ 2/s/ 0 2/s/

v _

No. inc. resp. 3 3 0 1

% inc., resp. 25% 257 0% 16%

No. missing resp. 0 0 0 1

% missing resp. 0% 0% 0% 8%
8-10 34 Inc. resp. cons. O 1/9/ Uts/ 0

No. inc. resp. 0 1 1 0

% inc. resp. 0% 2% 2% 0%

No. missing resp. 4 4 4 4

% missing resp. 11% 1% 11% 11%
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Table 26
Third study, children's responses to taped stimuli of abnormal equal
duration. Mean vowel duration (msec) for /i/ before fricatives in
' /t10/, /piz/, as a function of children's age

Stim. tape: V1. fr. /ti0/ 410, vd. fr. /piz/ 410, V14 Vd. Ratio 1.00

Type 1 Type 2 Type 3 Type 4 Type 5
All resp. Response All correct Inc R Inc R
Sess Child Age cons/stim cons/resp resy cons cons/S cons/R

‘No. No. (mo) V1. vd. Rat, V1. Vd. Rat. V1. Vd. Rat. V1. vd. V1. vd,

2 7 25 194 428 .45 194 428 45 194 428 45 —w- eee oo -—-
2 8 22 271395 .69 366 428 .86 375 428 .88 236 362 362 ---
2 9 22 310 406 .76 301 453 .66 310 453 .68 --- 265 265 ---

T Mean 23758 410 .63 287 436 .66 292 436 .67 236 314 314 —-—

8-10 1 35 423 469 .90 423 469 .90 423 469 .90 - —-c e -—-
8-10 2 35 258 324 .80 258 324 .80 258 324 ,80 --- ~c e —a-
8-10 3 33 428 536 .80 428 536 .80 428 536 .80 - con ——m ——-
8-10 4 32 350 580 .60 350 580 .60 350 580 .60 —ew —-v —em aeo
8-10 5 35 460 490 .94 460 478 .96 460 478 .96 --- 555 --= ---
8-10 6 35 268 409 .66 268 409 .66 268 409 .66 -~- ~-- - —--

8-10 Mean 34 364 468 .78 364 466 .78 364 466 .78 --- 555 --- ---
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This may be due to the same factors discussed concerning this phenomenon
under vowel duration for the story words before final stops.

The mean vowel duration values produced by the children in this
study are compared to those in the first and second studies in the
table below (scoring procedure type 1) and in Fig. 21 in Chapter 3,

p. 83. Stimulus tape values are in parenthesis.

Mean Mean vowel duration (msec)
Age {(mo.) /ti0/ (410) Ipiz/ (410)
Abnormal Normal Pict. Ab. Norm. Pict. Ab. Normn. Pict.
Tape Tape Tape Tape Tape Tape
23 22 22 258 254 225 410 416 430
34 32 34 364 242 310 468 468 497

This shows that the children at 23 months were not really adjust-
ing at all to the durations on the tape before voiceless fricatives.
The duration they produced before voiced fricatives with the tape was
the same as the tape and coircidentally, very close to the vowel dura-
tion productions before voiced fricatives in the other 2 studies. Thus,
it is difficult to say whether the tape was really being imitated or
that duration on the tape was a very comfortable duration normally for
the children in the study at 34 months. Once again, the durations
produced here before the voiceless final consconants were pulled towards
those on the tape, Just as they were before voiceless stops by these
children. The ducation before voiced fricatives, however, is very
close to that produced in the other studies as well as the tape.

Thus, again, it is difficult to say if this duration was influenced by

that on the tape or not.
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Final fricatives after /i/ in constant /#p~-/ words. Table

25 shows that most errors were substitutions for the voiced

fricative /z/ and the consonants substituted were the voiceless frica-
tive /s/. Scoring procedure types 1, 2, 3 and 4 in Table 27 and Fig.
30 show a pattern similar to that for the story worda with final fric-
atives.

Child 8 produced the same pattern with these constant /#p--/ words
with final fricatives as she had done with the stops. Where the stim-
ulus tape was 410 msec, in scoring procedure type 1 she produced a vowel
duration of 395 before voiceless, and 445 before voiced fricat? res,
with a ratio of .89; in scoring procedure type 2, 420, and 420, with
a ratio of 1.00; and in scoring procedure type 3, 395, 420, with a
ratio of .94.

Scoring procedure type 4 differs from that for the story words,
as shown in Fig. 29. Again, all the deveicing substitutions here were
contributed by child 8. The vowel duration before voiceless frica-
tives used incorrectly for voiced fricatives is cluser to that for
the correctly used voiced fricatives ttan to that for the correctly
used voiceless fricatives. This pattern also occurred with constant
/#p--/ words with final stops. The same explanation offered under con-
stant /f#p--/ words with stops would be offered here for that inconsis-
tency between the devoicing responses for the story words and the devoic-

ing responses for the constant /#p-~-/ words.
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Table 27
third study, children's responses to taped stimuli of abnormal equal
duration. Mean vowel duration {(msec) for /i/ before fricetives in
/pis/, /piz/, as a function of ch{ldren's age

Stim. tape: V1. fr. /pis/ 410, vd. fr. /piz/ 410, V1./vd. Ratio 1.00

Type 1 Type 2 Type 3 Type & Type 5
. All resp. Response All correct Inc R Inc R
Sess Child Age cons/stim cuas/resp resp cons cons/S cons/R

_No. No. (mo) V1. Vd. Rat. V1. Vd. Rat. V1. Vd. Rat. V1, Vd. V1. Vd.

2 7 25 184 358 .51 184 358 .51 184 358 .51 o= —me —mm ---

2 8 22 395 445 .89 420 4201.00 395 420 .94 ~--- 470 470 ---

2 9 22 222 406 .55 222 406 .55 222 406 .55 e === mm= oe-

2 Mean 23 267 403 .66 275 39% .70 267 394 .68 --- 470 470 ---
B-10 1 35 447 438101 442 438101 442 438 101 -~ —== —m ——-
8-10 2 35 274 348 .79 274 348 .79 274 348 .79 ace mmm mem -ee
8-10 3 33 463 540 .86 453 540 .86 483 540 .86 --m ~em mmem —a-
8-10 4 32 178 352 .50 200 352 .57 200 352 .57 155 <== =-— ---
8-10 5 35 451 520 .87 452 520 .87 452 520 .87 -- - --m ---
8-10 6 35 243 356 .68 243 356 .68 243 356 .68 -~-= -=~ ——= ---
8-10 Mcan 34 342 425 .80 346 426 .81 346 426 .81 155 -—- -=- -~-- _
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Vowel duration in relation to manper of articulation of fimal

consonants

Final stops 1nd fricatives in story words. Tables 22

and 25 show the errors prcduced for stops and fricatlives which

have been detailed under the separate discussions of stops and

fricarives. The manner of production, stop, was never confused with

the manner of production, fricative, as was the case for voicing.
Scoring procedure type 1 on Table 28 and Fig. 31 shows that correct

differential vowel duration before stops and fricatives was maintained

by béth groups of children. Those at 34 months were extremely close

in matching the overall duration before stops and fricatives with those

on the tape. The same wac true for scoring procedure types 2 and 3.
The mean vowel duration values produced by the children before

stops and fricatives in this study are compared to those in the first

and second studies (scoring procedure type 1) in the table below. Stim-

ulus tape values are in parenthesis.

Mean Mean vcwel duration (msec)
Age (mo.) Stops (315) Fricatives (410)
Abnormal Normal Pict. Ab. Norm. Pict. Ab. Norm. Pict.
Tape Tape Tape Tape Tape Tape _
23 22 22 248 250 263 334 335 328
34 32 34 326 310 346 417 356 403

As mentioned above, the children at 34 months were very «lose in
matching the duration before stops and fricatives on the stimulus tape,
but this duration was also very close to their other productions of /1/
o before stops and fricatives under the uther 2 stimulus conditions in the

]EIQJ!: preceding studies. The 24-month-old children wvere also producing
Pt o e
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Table 28
Third study, children's respouses to taped stimuli of abnormal equal
duration. Mean vowel duration (msec) for /i/ before stops and fricatives
in the story wozds, as a function of children’s age

Stim. tape: Stops 315, Fricatives 410

——

Type 1 Type 2 Type 3
All resp. Response A1l correct

Secs Child Age cons/stim cons/resp resp cons

No. No. {mo) St. Fr. St. Fr. St. Fr.

2 7 25 256 311 256 311 256 311

2 8 22 272 332 292 397 293 401

2 % 22 216 358 258 377 252 382

ZTHean 73 248 334 269 362 TG
8-10 1 35 400 446 400 446 400 445
&-10 2 35 228 291 228 291 228 291
3-10 3 33 408 482 408 482 408 482
8-10 4 32 218 465 218 465 218 465
8-10 5 35 402 476 402 469 402 467
8-10 6 35 296 338 296 338 296 338

8-10 Mean 34 326 417 326 415 326 415
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duration before stops and fricatives which were natural for them, and.
these durations were shorter than those on the stimulus tape so they
showed a greater deviation from the tape thau did the 34-month-o0ld

children.

Final stops and fricatives in constant /#p-~{ words. Scoring

piocedure types 1, 2, and 3 in Table 29 and Flg. JZ show the same

patt=rn as the story words with final stops and fricatives.
SUMMARY

The children in this study with the mean ages of 23 and 34 months
were somewhat influenced by Ehglébhbfmai eﬁﬁa} v&wéi dufﬁéion.of the
gtinulus Qords on‘the tape, but not in & significant way.

In most instances of p;oduction of vowel duration before final
voiceless and VOiced‘stops, aqd‘voiceless snd volced fricatives, the
children devicted from their own mean .durations from -the previous 2
studies for the storf words towards the tape words (if their own means
were diffefent from those on this tape). They did ‘not deviate to an
extent which wéuld match the equal vowel duration on the tape, however,
and correct differential vowel duration was constaﬁtly maintained by
most of the childreni

Child 8 (black) was the only one of the 3 in the youngef group,

Group 2, who imitated the duration on the tape closely, and she only

did it with the perhaps unfamiliar constant /#p--/ words. This child
had contributed 76% of the devoicing errors for the younger group in

this study. This might indicate that she was still in an early stage

Q of differential vowel duration development where it was first purely
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Table 29 : ‘ 122
Third study, childrea's recponses to taped stimuli of abnormal equal
duration. Mean vowel duration (msec) for /i/ before stops and fricatives

in the constant /#p~-/ words, as a function of children's age

Stimulus tape: Stops 335, Fricatives 410

Type 1 Type 2 Type 3
All xesp. Response All correct
Sess Child Age cons/stim ) cons/resp resp cons
No. No. (mo)st, Fr. St. Fr. St. Fr.
2 7 25 185270 185 270 . 185 270
2 8 22 273 420 270 420 265 408
2 9 22 208 314 208 314 208 314
"2 Mean 23 222 335 220 335 19330 T
g-i0 1 35 430 440 422 440 - 402 442
8-10 2 35 252 311 252 311 252 311
b~19 3 33 346 502 345 502 345 502
8-10 4 32 224 265 224 276 224 276
8-10 5 35 247 486 347 486 347 486
8-10 ¢ 35 270 300 219_300 270 300
8-10 Mean 34 312 384 301 386 301 386
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imitated. Then, after proper control of fiual consonant voicing was
learned, the phenomenon of increased duration was paired with a final
voiced consonant. However, not until this pairing was established, did
the child consistently produce rorrect differential vowel duration,
regardless of the duration on a stimulus tape, as was the cese for the
other 2 children in the 23 month age group who together contributed the
other 24% of the devoicing errors. None of the children in the 34-
months age group, all of whom had control of voicing of final consonants
in the majority of instances, showed any imitation of the tépe to the
extent that child 8 did.

Thus, it is interesting to speculate that thelone child's close
imitation of the ratios on the tape were due to her lack of proper control
of final voicing, but it is not known, of course, if this is the case.
There are certainly other plausible reasons which may be connected with
her black dialecc which caused her to respond totally differently from
the other 8 children with the constant /#p--/ words.

The majority of the children at 23 months did not imitate the
abnormal equal durations on the stimulus tape and none of the children
in the 34 month age group did. Apparently for most childrxen, once the
pattern has been established of production of final voiced consonants
with increased vowel duration, it is not likely to be altéred by present-

ation of any stimuld, famidisr or unfamiliar, which violate this pattern.
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