CHANGES OVER TIME IN CROSS.INGUISTIC INFLUENCES OF SPANISH

ON ENGLISH IN SEQUENTIAL BILINGUAL PRESCHOOLERS

by
LYNN KEATING

A thesis submitted in partial fulfilment of the
requirements for the degree of

MASTER OF SCIENCE
in
SPEECH AND HEARING SCIENCES

Portland State University
2009



Table of Contents
LiSt Of TADIES ... et e eV
LISt Of FIQUIES. .. ..o e e e e e e e eV
Chapter I: Introduction and Statement of PUrpose................coiiiiiiiiiinennen. 1
10100 [8]ox 1 o] o I 1
Purpose of this Study..........cooii it i3
Chapter II: Review of the Literature.....o......ooein i e 5

Typical Speech Sound Production in Monolinguals...... ..o oo ovnenn b

Monolingual English Learners...........ccooviiii i 5
Monolingual Spanish Learners.............cooooiiiiiiiiiiiiii e e 6
Cross-Linguistic Effects of Speech Sound ProduatioBilinguals............ 8

Simultaneous Bilinguals................c.cociiiii 208

Sequential Bilinguals...........ccooii i 12

Explaining Cross-Linguistic Effects ..........c.ooo oo, 18
Perception and Production of Speech Sounds...ueeeeiiviiiiiiiiiiiiin ... 19
Speech sound Perception in Infants...........ccoooi i 19
Perception Precedes Production..................cccciiviiiiiiii i ieeeen. . 20
Perceptual Theories of Speech Sound Acquisition......cccceeeiviviiennan.. 22
Perceptual Magnet EffeCt...........cooo oo 22

Speech Learning Model............c.oooiii e .23

Perceptual Assimilation Model................oooiii e, 24

Perceptual Bilingual Speech Acquisition Research.......................... 25



Influence of Maternal Language on Perception in Mmgual

18] =1 01 £ 25

Influence of Bilingualism in Infants.............cccoooviiiiiiiiiinnnns

Sequential Bilingual AdUILS ..o

SUMIMAIY ... et e e e e e et e et e et et et e e eeeeeenas 31

HYPOTNESES. ..o e e e

Chapter HHl: Method ... e e e e e e

PartiCIPANTS. ... e e 34

Participant Backgrounds.............co oo

SUMUILL ..o e e e e 36

PrOCRAUI. ..o e e e e e e e e e e e

ANALY SIS . e e 38

Phonetic TransSCription..........oovii e iin i e e e e

PhonetiC INVENTOrY... ..o e

ACCUIACY ... et e e e e e e e e e et e e

Error Patterns. .. ...

Chapter IV: RESUILS. .. ... e e e e e e e
Independent Analysis: Phonetic Inventory.............o.cooviiii i ivcin e
English Consonant INVENTOMNeS..........ouvveiiiiiiiie e e
Spanish Consonant INVeNtories...........coooviiicie e,

English Vowel Inventories..........ccoviiii i e,

Spanish Vowel InVentories. ........ccovov i e,

39

.39

42



Relational AnalySes..........coouieiiiiii i e 4B
ConsSoNant Errors. ... ....ocoovi it e 0040

Error Patterns. ... ..o e 48
Specific Consonant Accuracy Rates.........cocoovvii i i i viman. 55

Word Shape EImors.......coov i e e e e 2. 00
VOWEI EITOIS. .. e e e e e e e e e e e e 62
Specific Vowel Accuracy Rates........ccoovviiiiii it s 67
Chapter V: DISCUSSION... ...t e et e re e ens e (3
Phonetic Inventory CompariSON.........ociuiieiieie it i e e e e e e 74
Spanish-Influenced English...............cooo el 16
Change iN ACCUIACY .......c.uieiieiie e e e e e ee et e ne e e (O
Lower Accuracy in Bilingual Children................ccocciiiin i ..80
Data Collection MethodsS..........o.oviiiiiii i e e 82
Perceptual Theories of Speech Sound Acquisition .....eee.eovien.......82
Perceptual Magnet Theory..........coooo i 83
Speech Learning Model............ccocoiiiiiiiiiie .84
Perceptual Assimilation Model.............c..cooiiiiiiiic 85
IMPIICALIONS . e e e e e e e e e 87
LIMIEALIONS . .. e e 89
(@] o Tod 1113 (0] o 90
ReEfErENCES. ... e e a2 93

Appendix A: English Stimuli..........coooo e 100



Appendix B: Spanish Stimuli ........ ..o

Appendix C: Error Tables



Table 1:

Table 2:

Table 3:

Table 4:

Table 5:

List of Tables

Speech Acquisition of Monolingual EnglSpeakers ......................... 6
Spanish Phonology ......c.ooeiiiiii e e e 7
Speech Acquisition of Monolingual Sparfigieakers ......................... 8
Examples of Cross-Linguistic Speech Eff€abserved in Spanish-

English Bilinguals’ Consonants: Use of Spanish &esst in
English Productions...........c.ccoiiiiiiiiiiiiiccici e e en. 0. 10
4 Examples of Cross-Linguistic Speechd$f©bserved in Spanish-

English Bilinguals’ Consonants: Use of English keas$ in

Spanish Productions............coooviiiiiiiiii e 11
Table 6: Cross-linguistic Speech Sound Effectsilim@uals’ English Vowels......11
Table 7: Bilingual Participant Background and Eslgl5ample Information........35
Table 8: Monolingual Comparison Group Backgrounth8uary....................... 36
Table 9: Consonant Inventories: English Data ............ coecveviiiieevnenn .45
Table 10: Vowel Inventories: English Data ..........c.oooviiiiiiicci i 47
Table 11: Percentage of Consonants Correct.............ccoovv v v e ve e veeeeenn 47
Table 12: Percent Occurrence of Error Patternsli@n§amples...................... 50
Table 13: Percent Occurrence of Error PatternsniSp&amples .................... 52
Table 14: Individual Consonant Accuracy Rates: Bhgl...............ccoiiiiienn . 58
Table 15: Percentage of Vowels Correct..........ccooviiiiiiiiiiiiiiiiiie e, 63
Table 16: Individual Vowel Accuracy Rates: English.................oooiiiiis 68
Table 17: Percent of Productions: Spontaneous y@d|airect Imitation............ 83



Figure 1:
Figure 2:
Figure 3:
Figure 4:
Figure 5:
Figure 6:
Figure 7:
Figure 8:

Figure 9:

Figure 10:
Figure 11:
Figure 12:

Figure 13:
Figure 14:
Figure 15:

Figure 16:
Figure 17:

Figure 18:

Figure 19:

List of Figures

Percentage of Consonants Correct as éibarof Time..................... 48
Stopping Rates in English as a Functiohime............................... 53
Velar Fronting in English as a Functidmmne......................cccooeees 54
Tap fori substitution in English as a Function of Time..................55
Gliding Rates in English as a Functiodiofie.................coooeveenn .. 56
Final Consonant Deletion in English &uaction of Time.................. 61
Total Consonant Deletion English as ackan of Time..................... 61
Cluster Errors in English as a Functibiiie...................c.ccooene. 62
Percentage of Vowels Correct as a Fundfdalime.......................... 63
Derhoticization in English as a Functidmime..................ccuene.. 64
Raising Vowels in English as a Funcbbiiime............................ 65
Lowering Vowels in English as a Functdime.................c....... 65
Tense for Lax Vowel Substitutions in Estgas a Function of Time....... 66
Percentage corregt production in English as a function of time.......... 69
Percentage corregtproduction in English as a function of time.......... 70
Percentage correatproduction in English as a function of time.......... 70
Percentage correct /i/ production inlBhgas a function of time........... 71
Percentage corregtgroduction in English as a function of time.......... 71
Percentage corregf production in English as a function of time.....72.

Vi



Chapter I: Introduction and Statement of Purpose
Introduction

As more bilingual children seek speech and langus&gvices at clinics,
hospitals, and schools, clinicians and researdrersecognizing the importance of
understanding bilingualism. While many researchense looked at bilingual
language acquisition by examining syntax, morphgplagd syllable structure, fewer
researchers have extended this research to encespasch, which some view as the
beginning of expressive language acquisition.

Much research has examined bilingual phonologigstiesns in children and
adults who are bilingual first language (BFL) lezns) also referred to as simultaneous
bilinguals. Simultaneous bilinguals are exposetiviwlanguages from birth (Genesee
& Nicoladis, 2006). Although these studies on BE&rhers are important, many
children in the United States come from non-Engéisbaking homes. According to
the 2006 American Community Survey, nearly 55,000 ,0eople in the US who are 5
years or older, 19.7% of the population, speakhguage other than English at home.
In addition, children who are from non-English dprg homes are the fastest
growing population in K-12 schools (English Langedgparners, 2008).

Fewer studies have looked at these children fromtmglish-speaking homes,
referred to as bilingual second language (BSL)lew or sequential bilinguals.
Children are considered BSL learners if they béggnning their second language
(L2) after they have a well-established or at I@astially established first language

(L1) system. Some define BSL learners as thosehelgan learning their second



language after the age of 2 or between the agésndl 5, often after they begin
school (Anderson, 2004; Holm & Dodd, 1999).

The field of speech-language pathology (SLP) bag bsed developmental
norms to identify monolingual children for servides disorders or delays in areas
such as speech development by targeting those mdw developmental patterns
outside of the typical range of expectations. Ualigaror patterns are also examined
since these may be indicative of a speech souidd#is Literature shows that
bilingual and monolingual language learners devéber phonological systems
differently (Anderson, 2004, Gildersleeve-Neumagester, Davis, & Pefia, 2008;
Goldstein & Washington, 2001; Goldstein & Yay4998; Kehoe, 2002; Keshavarz &
Ingram, 2002). To accurately identify bilingual lclhen who need services, it is
important to understand typical errors that arelpoed by bilinguals and how they
change over time.

The current study investigated possible crossiistee effects of L1 on L2
over time in 3 sequential bilingual Spanish-Engigleakers. If cross-linguistic effects
are seen, as some of the literature predicts,ftbete might be typical in these
bilingual language learners and should not be daned errors for the purpose of
identifying children for SLP services. This is peutarly true for effects that disappear
or lessen with further exposure to L2. Althoughssrtinguistic studies have been
completed longitudinally, the English-Spanish stgdaave not included (a) a
comprehensive analysis of both consonants and gp\i®lan analysis of speech

sounds irbothlanguages, or (c) a homogenous group of childesse¢h on length or



daily percent of exposure to L2. All children iretburrent study had their first
exposure to English at the start of preschool, 2 tmonths before the first time of data
collection (T1). Non-target speech sounds produlcéthglish, their L2, were
analyzed for possible perceptual influence from &ganish speech productions were
examined as well to understand what the childrerpasducing in their L1 and to help
determine if any differences in English productians most likely the result of
influence from Spanish rather than articulatorperceptual effects. In addition,
examination of Spanish speech sounds helps to fulblyainderstand similarities and
differences between each child’s English and Spaasswell as changes over time
with greater exposure to English.
Purpose of this Study

Despite extensive research on young simultanedingbals and on older
sequential bilinguals, data are lacking on segakhtiingual speech development at
the start of second language acquisition. It isnamkn what speech sounds BSL
children produce at this time. Research indicdtaslt2 learners typically do not
perceive L2 speech sounds in the same mannerias spéakers of the L1. This
difference in perception has been shown to startfancy beginning approximately at
4 to 6 months of age. As the child ages, we cawtingsize that, this difference in
perceptual abilities affects L2 speech productiot that L2 learners will therefore
not produce sounds in the same manner as L1 |saibes important for a speech-
language pathologist to understand what new L éxarperceive and therefore

produce in order to accurately identify those aleitdwho have speech sound



disorders versus those who are typically developihgguals. It is also important to
identify what new L2 learners perceive and prodacarder to have a theoretical
framework for second language acquisition.

The purpose of this study is to help us understhedpeech productions of
sequential bilinguals, how their productions afecéd by their L1, how their
productions compare with monolingual English speskand how these productions
change over time. Three theories of speech peorepffer explanations that can lead
to predictions for production. The perceptual magheory, Perceptual Assimilation
Model, and Speech Learning Model can help us utatgtcross-linguistic influences
in speech production of bilinguals. Based on tiseaech and perceptual theories that
will be outlined in the review of the literaturecgen, it is anticipated that sequential
bilingual children will not perceive L2 contrasteat do not exist in their L1.
Therefore, these sequential bilingual children weeglicted to produce consonants
and vowels that are similar in each language asdhee sound. For example, English
L2 learners might replace the low froad/ /of English with the low midq] of Spanish.
The perceptual magnet theory, Perceptual Assimitdflodel, and Speech Learning
Model offer different explanations for these exa@splThis is one of many studies that

can offer support for or provide evidence agaihsttheories discussed.



Chapter II: Review of the Literature
Typical Speech Sound Production in Monolinguals
Monolingual English Learners
To distinguish between cross-linguistic effectspéech sounds and
developmental errors, it is important to understaoet monolingual English language
learners develop English phonology. Arlt and Good{d®76) studied articulation
proficiency in 240 monolingual English-speakingldten, ages 3 to 6 years, to
determine the age at which 75% of children corygmtbduced consonants in all three
word positions. Templin (1947, as cited in Stoehtaaon and Dunn, 1985) adopted
the same criterion studying children aged 3;0 @ Results of the two studies are
shown in Table 1. Wellman, Case, Mengert, and Brad{il931, as cited in Stoel-
Gammon & Dunn, 1985) studied vowel acquisition ionolingual English speaking

children aged 2 to 6 years. Wellman et al. (198up# that 75% of children produced

lil, lal, lul, lol, Is/, and A/ correctly by 2 yearsg/ and 8/ by 3 years; and/, /e/, /=/,

and b/ by 4 years of age.

In general, results of these studies suggesthieanijority of children produce
stops, nasals, and glides at all places of articulas well as all vowels by 4 years of
age and acquire fricatives, affricates, and liqlneisveen the ages of 4 and 7. This
sequence of development has been observed ingititbes as well (Prather, Hedrick,

& Kern, 1975; Sander, 1972; Smit, Hand, Freilinggrnthal, & Bird, 1990).



Table 1

Speech Acquisition of Monolingual English Speakers

At/before age Phoneme
Arlt and Goodban (1976) Templin (1957)
3,0 hfwpbtdkgnmn fwpnmn
4,0 szlvy ds bkjgu
5,0 031 sy [
6,0 tlve
7;0 dzd33

Monolingual Spanish Learners

Research has also examined Spanish speech aajuisitnonolingual
children. Table 2 outlines speech sounds of th@iSpdanguage and its allophones.
Jimenez (1987) studied the speech sounds of 12GisBpspeaking children ages 3 to
5 years. Data were analyzed for both the mediasl l&vproduction (age at which
50% of children correctly produced the sound) anti@90% level. Results of her
data are shown in Table 3. In general, these stgliggest that at least 50% of
Spanish-speaking children produce stops, nasalsglades at all places of articulation
by 3;7, approximately the same age as monolingogligh children. This timeline for
speech acquisition has been confirmed by otheiegud monolingual Spanish
children (Acevedo, 1993; Macken, 1978). The stuidyosvel acquisition in typically
developing Spanish-speakers is rare; however, Gaitdand Pollock (2000) studied
vowel production in 14 Spanish-speaking childreesa8; 10 to 4;4. Although all of

the children had speech sound disorders, onlyldl ade five vowel errors (79



Table 2

Spanish PhonologfGoldstein, 2000)

Consonants Vowels
Consonant Phoneme Allophones Vowels Phoneme Allophone
Class

Stops p p Front i
b b B e
t t Back u
d dod o)
k k Mid a
g gy

Nasals m m
n n
n n

Fricatives ¢ fo
X x h
S S

Liquids I [
r rl
r r

Glides W W gw

J jd&33

Affricates ¢ [

vowels were produced). The other 13 children eaatieTone error, suggesting that

Spanish-speaking children acquire all vowels betvibe ages of 3;10 and 4;4.

Thus, monolingual Spanish- and English-speakiniglen typically acquire

many of the same phonemes as their first speeaidsoBy the age of 3;3, most

children produce stopsp(/b, t, d, k, g/ ), nasals ¢, m/), and at least one glidev).



According to these studies, Spanish-speaking @nltypically acquire the consonants
/gl and I/ earlier than English speakers do, whereas Engpsglakers acquire// /f/,

Table 3

Speech Acquisition of Monolingual Spanish Spealdemsenez, 1987)

Age Median 90%
<3,0 pbtkfjwmny -

3;3 dgxls pbt
3.7 rn kwmn
3:11 _ il

4:3 - f

4;7 r gdgr
4,11 _ N x

5;7 - s

>5;7 - r

and 4/ at a younger age. This information on typicaleggheacquisition in
monolingual speakers of both English and Spanidho@iimportant for data analysis
in noting whether cross-linguistic influences agersin sounds that a child of a
particular age would typically have acquired osaunds that are acquired later. The
literature on cross-linguistic influences in chddis speech sounds is reviewed below.
Cross-Linguistic Effects of Speech Sound Productiddilinguals

Simultaneous bilingual€ross-linguistic effects of the speech sounds of tw
languages have been noted starting as early asinfia BFL children. Keshavarz and
Ingram (2002) studied the phonological developnoétihe first author’s son between

the ages of 8 and 20 months. The participant wasaltaneous Farsi-English



bilingual, exposed to both languages since birtin.tke first 6 months of the study, he

was primarily exposed to Farsi. Language samplentanformally and in
experiments throughout the time period showedhbaised the Farsi glottal stap [
in many English words in which the glottal stomat allophonic (e.g. ?fepi] for
/haepi/ and Hari] for /dali/). Farsi speech sounds also showed some effed¢tson
vowel system. He used the non-diphthong Farsn/place of English diphthongs

such asau/ and 41/. Effects of English on his Farsi phonologicalteys were seen as
well. The authors concluded that the two phonologmay influence each other in
bilingual acquisition.

In another study showing influence of two phonatadjsystems on each other
in a bilingual child’s development, Schnitzer ancginski (1994, 1996) studied their
two sons: one from age 1;1 to 3;9 and the othenfage 1,6 to 4;6. Both children
were raised as simultaneous Spanish-English bgilsgThe older child displayed few
cross-linguistic effects; however, the youngerasihowed many cross-linguistic

effects of his speech sounds which lessened witl.tAnalysis of their speech

samples ignored the alveolar@nd 4/ of English versus the dental &nd 4/ of

Spanish, as well as the Spanishversus the Englistul. Inclusion of these analyses
might have increased the amount of influence discel. Examples of influences
seen, primarily in consonants, in the younger sersaown in Table 4 and Table 5
which summarize consonant and vowel effects in BpalBnglish learners. Table 6

displays effects on vowels.



Table 4

Examples of Cross-linguistic Speech Sound Effeotse®ed in Spanish-English
Bilinguals’ Consonants: Use of Spanish FeatureEmglish Prowuctions
Schnitzer &

Krasinski Fantini (1985)
(1994)

Gildersleeve-
Neumann et al. (2008)

Feature Goldstein &
Washington (2001)

/v/—=[b]  /faval/—[faba3l]

/n/—-0@ /klawn/—[klaw]

[r/=[r]  /tien/—[tren]

J1=1d1  /faval/—[taval]

/p/—I[Bl @pal/—[2Bal]

/ph/~[p] /pP1g/—[p1g]

/kh —[g] /kh lak/—

/r/—I[d] /gertt/ —[gedit]

/w/—[B] [wuf/—[Buf]

1J1—141 [f1f/ —[f1y]

/8/—1tl iz [ —[tis]

/8/~1d] /diz/—[dis]

[d3/—I[s /d32d3/—[sof]

/h/=[x] /haj/—[xaj]

1J1—1s] /feasn/ —[sarets]

19/-1¥/ /dagi/—/dayi/
19/—/x /dag/—/dax/
1K/ =/x/ /kit/—/x1t/
[k/=/x/ [tonki/ — /taxi/

[k =/x/ /kejk/—/kejx/

10



Table 5

Examples of Cross-linguistic Speech Sound Effest®®ed in Spanish-English
Bilinguals’ Consonants: Use of English FeaturesSpanish Productions

. . Gildersleeve-
Goldstein & Schnitzer & .
Feature Washington (2001) Krasinski (1994) Fantini (1985) E\Iz%lé)rgf nn etal.
/r/—[] /aros/—[a10s]
[c/=[4] /flor/—[flou]
Table 6

Cross-linguistic Speech Sound Effects in SpanigiiiinBilinguals’ English Vowels

Feature E(r:;sr}iriiirg%@ Fantini (1985) gi(l)%efgr)sleeve-Neumann etal.
/€] — [e] /pEn/ — [paen]

1€/ — [e] /t€ksas/ — [tesas]

/& — il /d€zat/ — /dise:t/

/1] — il /bili/ — [bili]

/n/ = il /dazat/ — [dise:t]

j®/ — [a] /giempap/ — (Observed)

/ej/ — [e] /bejbi/ — bebi

v/ = [ul] /luok/ — [luk]

/a/ — [a] (Observed)

Cross-linguistic effects have also been observeawels of BFL learners.
Kehoe (2002) longitudinally studied the vowel sys$eof 3 monolingual German
speakers, 2 monolingual Spanish speakers, and 33pBhish-German speakers from
the ages of 1 to 3 years. The German languageseagviels and the Spanish

language has 5 vowels. Short-long opposition affdrdnce in formant frequencies of

11



close vowels occur only in the German vowel syst&nalysis of the spontaneous
productions of these children revealed a similateay of development in Spanish
vowel systems between the monolingual Spanish speakd the bilingual German-
Spanish speakers; that is, cross-linguistic effeetie not observed in the Spanish
vowel system which is considered simpler. Howetler,bilinguals showed slower
development of their German vowels than the mogakh German speakers did. The
monolinguals distinguished their vowels by lengthinlg the time studied, whereas
the bilinguals did not. The authors attributed thftuence of the bilingual
development to the complexity of the German vowstem.

A similar complexity effect might occur in the volagevelopment of Spanish-
English bilinguals due to the relatively simpley®&wel Spanish system versus the
relatively complex 11-vowel English system (Brad/d®95). In a 10-year diary study
of his simultaneous Spanish-English bilingual deamtini (1985) noted several effects
of his son’s Spanish vowel inventory on his EngliShoss-linguistic effects were seen
in consonant productions as well. The influenc8pénish on English changed over
time; examples of effects observed are listed inld4.

Sequential bilingualRkelative to studies done with simultaneous bilingua
those studying sequential bilinguals are rare.fblewing section reviews the
research involving cross-linguistic effects in sgeproduction observed in sequential
bilinguals or BSL learners.

Anderson (2004) studied 5 BSL children longitudipadll of whom began

learning L2 after the age of 3;0. Children’s homweguages were Russian, Korean and

12



French and they all spoke and heard English, tt#iat preschool and in the
community outside of their homes. At the startha study, children were aged 3;9 to
4;9. Children were given word-level phonologicaessments in both their L1 and in
English. Anderson found that children used all stsushared by both languages in
both their L1 and in English. She concluded thatdocbn use their knowledge of L1 to
help them learn the phonological system of thei(E@glish) and therefore that the
L1 of all children in the study influenced theirdtish.

Cross-linguistic effects were also found by Gildieese-Neumann, Kester,
Davis, and Pefia (2008) in the speech of Englisk)l, predominantly English (PE)
and Spanish-English (SE) bilingual children at paants in time. Children were
between 3 and 4 years old and typically-developiniipe start of the study (T1). A
one-word picture naming task was administered iglign at T1 and 8 months later

(T2). The researchers found that both groups oidnial children produced the
Spanish voiced bilabial §]) and voiced and voiceless velar fricativeg gnd [x],
respectively) in English words at T1, and continte@roduce both of the velar
fricatives but not the voiced bilabial fricative . Both groups also usegl [
following Spanish rules of phonology at times andsdituted k] for: (a) &/ in word-
final position, (b) k/ in word initial position, (c)k/ in word medial position, and (d)
/kl in word final position (see Table 4 for examplds)addition to these consonant

influences of L1 on L2, some possible vowel effee¢se noted. As shown in Table 6,

some of the children used the Spanish low centraieV, [a], primarily in place of the

English low front and back vowelse// and 4/ respectively. These vowel substitutions
13



occurred at the same rate at T1 and T2 for thedES&nchildren but increased
considerably in the PE children. These results ssiggross-linguistic influences from
L1 to L2. The performance of the children in Sphnrsorder to compare patterns of
substitution was not addressed.

Spanish-English bilingual children displayed crbsguistic effects in a study
by Goldstein and Washington (2001) in which 12 ¢gfly developing bilinguals
completed a phonological assessment designedliiogiml Spanish-English speakers.
Children attended preschool full-time and were leetwthe ages of 4,0 and 4;11. This
study focused on potential effects of English oar8gh and vice versa rather than
initial effects and how these changed over timeyTlere considered bilingual based
on the criteria that they hdashowledgeof more than one language; the percent of their
day spent speaking and hearing English versus Sparas not reported nor was the
language they began learning first. Data were aealyor possible influence of one

language on the other. The following were consid@&panish-influenced English:
stopping (v/ — [b]), final consonant deletioni/ — @), tapping of prevocalic (/1/

- [r]), and affrication (f/ — [g]). These patterns were considered English-influgnce
Spanish: retroflexing of a tap A/~ [4]) and retroflexing of a trill @ — [4]). These
results indicate that there are in fact cross-listyrieffects both from L1 to L2 and

from L2 to L1 in Spanish-English bilinguals. Patieof influence and examples of

actual occurrences are shown in Table 4.
Yavas (2002) studied the cross-linguistic effects oirtglalism on voice onset

time (VOT) for the voiceless sounds/, /t/, and/k/ in Spanish-speaking children

14



after 2 years of English exposure. VOT is the défee in time between the release of
an articulator and the start of vocal fold vibratia a stop sound. Different VOT
boundaries are phonemic in English and Spanish, 8gianish having shorter VOTs
than English for voiceless sounds. The 10 childvere all BSL learners who were in
second grade and who spoke Spanish as their Lbegah learning English at the
start of kindergarten (after age 5). Children répegd 5 sentences that were either
completely in English or mixed English-Spanish sanes (e.gRon el papel on the
tableor Put the tuna en la ca)aYava expected Spanish VOT values to influence
English values because children came from Span@iohmgual backgrounds and
therefore heard and spoke Spanish for the majofitigeir lives. However, results
indicated that each language influenced the o#tewn by lower than typical English
VOT values and higher than typical Spanish VOT galururthermore, 6 of the 10
children failed to produce significantly differe’ilOT values in Spanish and English
in one or two places of articulation, also indingtthe influence of another language.
In a Spanish-English study, Gildersleeve-NeumaenaPDavis, and Kester
(2009) also showed the effects of exposure to LRIom bilingual Spanish-English
3- and 4-year old preschoolers. Six sequentiatdpilals were assessed at the time of
initial exposure to their L2, English, and therea®® months of exposure. Based on
MacWhinney’'s 2004unified competition modghe experimenters predicted that the
English vowel system would affect vowel productinrSpanish. This is because some
of the vowels in English and Spanish overlap (aspmes or allophones) and

because the English vowel system is more complex 8panish. Although they found

15



developmental errors that are typical for monolalgwand simultaneous bilinguals
which remained the same or lessened over time,dlseyfound that Spanish vowel
errors increased with more exposure to L2. Giléengt-Neumann et al. attributed
vowel errors to a reorganization of the phonologsgatem, not to loss of abilities.
Differences between Kehoe’s and Gildersleeve-Neuneaml.’s studies were that
Kehoe studied simultaneous bilinguals whereas @ldeve-Neumann et al. studied
sequential bilinguals. The latter study focusedhmneffects of L2 on L1 rather than
effects of L1 on L2 in addition to those of L2 ofh.L

Hecht and Mulford (1982) found both cross-linguisffects and
developmental effects in their 1985 study of a &ry@d Icelandic-English bilingual.
He was studied starting 10 weeks after his indgigdosure to English. Although the
researchers were attempting to describe the infien English fricatives and
affricates from his native language, they discodéhat sound substitutions of
fricatives and affricates were more developmemahtinfluenced by Icelandic. The
authors also noted several other patterns thatkibkgved occurred due to cross-
linguistic influence, including replacing EnglisiA with Icelandic trilledr ([r]) in
words such aslarinet, water, andbroke The participant also produced the English
velar allophone ofif as the Icelandic clear apical latetal Additionally, his English
vowels were produced higher than their Englishedates, and diphthongs remained
monophthongs, both similar to Icelandic vowels.

Unlike the studies presented above that revealessdmguistic effects in the

speech sound systems of bilinguals, a 1999 studyaby and Dodd showed a lack of
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L1 effects on L2. Holm and Dodd studied bilinguaéech acquisition in two
Cantonese-English sequential bilingual childresadiin Cantonese home
environments and first exposed to English arougddts of age upon entering a
childcare center. Spontaneous language sampleghndantonese and English were
collected every 4 weeks for a period of 8 and 1htim& Analysis for both children
revealed that (a) different phonological processexe used for each language, (b)
English phonemes were not used in Cantonese wadigiee versa, (c) phonemes
shared by the two languages were simplified diffdyein each language, and (d)
phonemes that are shared by the two languagesuseadly produced first in
Cantonese and acquired later in English. Althoygintaneous productions of shared
phonemes were acquired first in Cantonese, airtteedf acquisition, the children
were able to imitate the shared phonemes in Englisbh suggests a possible
perceptual component. The researchers also corntthdethe phonological
development of these sequential bilingual childreeach language was different
from monolingual development in each of the regpedanguages. This conclusion
was based on analysis of phonetic accuracy asasmgdhonological processes and
phoneme repertoires.

A study of older Spanish-English bilingual childraliso revealed few cross-
linguistic effects of L1 and L2 (Goldstein, Fabia&oWashington, 2005). Goldstein
and colleagues analyzed the speech of predominéngiish (PE), predominantly
Spanish (PS) and equal (E) Spanish-English bililsgwao were classified based on

percentage of output in each language as repoytpdients. Each group consisted of
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5 children between the ages of 5;0 and 5;5. Cmldréhe PE group had up to 5 years
exposure to Spanish and the PS group had up tar géexposure to English. Only
consonants were analyzed for cross-linguistic &fand although many substitutions
were made, only two instances of cross-linguistitience were noted in the E group.
Both substitutions were in the Spanish productitimsse were: (a) substituting [z] for
/sl and (b) substituting] for /y/. This study focused on speech sounds of the
dominant language; sounds of the non-dominant lagesi of these groups were not
elicited. Both the frequency and variety of crasspliistic effects observed in this
study were minimal; however, vowels were not emizeasin this study.
Additionally, these children were older and the afjthese children might result in
fewer cross-linguistic effects because their L1migave been well-developed.
Explaining Cross-Linguistic Effects

Researchers have proposed numerous theoriesdordador cross-linguistic
effects such as those described above on languagspaech sound systems. Theories
explain the influence of the production of one giesound system on another through
means such as articulation, processing mechanamsgperception. While this study
will explore speech production, it will also expédhe perceptual theories. An
argument follows for why it is valid to explain e linguistic influence in speech

production perceptually.
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Perception and Production of Speech Sounds
Speech Sound Perception in Infants

In order to acquire speech and ultimately languadents must first be able to
perceive slight differences in sounds that indichtierent meanings; for example,
they must differentiate phonemes suchisssand/z/ to be able to distinguish and
produce words. Research supports the idea thattséaie paying attention to and
noting differences in the sounds that have notg&tlted in meaning for them.
DeCasper, Lecanuet, Busnel, Granier-Deferre, anagilas (1994) showed that
starting in the womb, preterm infants’ heart ratesreased when listening to a
familiar nursery rhyme to which they had been erpa®peatedly in previous weeks.
In a 1986 study, DeCasper and Spence found thetthlty were born, infants showed
preference for stories that had been read to thamero. In addition, neonates have
shown the ability to begin distinguishing between tanguages that are rhythmically
different (Nazzi, 1998).

Clearly infants retain some of the perceptual otterastics of familiar acoustic
cues. Extensive evidence showing infants’ abiliteeperceive acoustic differences
can help us understand perception at the begirofisgeech acquisition. Thus,
infants’ first experience with speech, and therefibweir first step to acquiring speech,
is in perception. As presented below, evidence sugports the idea that perception

precedes production even in older children ane@osd language learners.
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Perception Precedes Production

Because there are many differences in speech souadtories and frequency
of speech sound usage in the languages of the wibdgerceptual systems of young
children must affect native language acquisitiooc@xding to several studies, the
ability to perceive speech sounds occurs beforalbiigy to produce the sounds in
young children. Edwards (1974) assessed childred &g to 3;11 for their ability to
discriminate between pairs of nonsense CVC syl&alitach set contained a minimal
pair with one marked initial consonant and one uethinitial consonant. Edwards
concluded that overall children perceived the ddfee three times more often than
they produced the difference in stops and fricative pairs containing liquids and
glides, children perceived the difference twicetien as they were able to produce
the difference. Menyuk and Anderson (1969) alsahuated that perception precedes
production for young children in a study of 18 mtesolers and 18 adults. The
researchers compared the children’s and adultitiabito identify and repeat pairs of
synthetically produced CVC syllables with initiaresonants arranged in steps from
(A) light towhite, (B) light to write, and (C)white to write. The initial consonant in
each syllable was computed by interpolating equsgdgced formant contours between
Nl and /w/, /Il andJ, and /w/ and.i/. Additionally, two more syllables were created by
extrapolating formant contours outside of the pmoagairs. In sets A and B, more
children identified the synthesized steps that vedosest tq/l/, /w/, and/i/ as the
same than were able to repeat them. Furthermoreylkeand Anderson looked at the

group of children above the mean age of 4;8 ansetlelow the mean age and found
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that the older children both identified and repddltes targets correctly more than the
younger children. They hypothesized that develogroespeech sounds in children
begins with the inability to both identify and prax correct sounds, then the ability
to identify but not produce particular sounds, kst the ability to both identify and
produce sounds correctly.

As outlined above, perception might play a rolénst language acquisition.
We might also hypothesize that perception assisldren and adults learning L2. In a

study of native French, English, and Portuguesalsrs, Rochet (1995) assessed
perception and production of the vowgilsand/u/ which occur in all three languages

and of the high front rounded vowsgl/ which falls betweeni/ and/u/ and among

the three languages only occurs in French. EnglighPortuguese speakers imitated

the French /y/ in more than 50% of their attempta8ng that articulation is not the
only difficulty in producing the nonnative vowg}/. Of the incorrectly imitatedy/

vowels, Portuguese speakers imitated 95% of therm asd English speakers
imitated 92% of them as /u/ as judged by a natrem€&h speaker. In the perception

portion of the study, English and Portuguese spsallentified vowels on the
continuum fronvi/ to /u/ (/i/, /y/, and/u/) as/i/ or /u/. French speakers identified
the same vowels ag/, /y/, or /u/. Of those vowels on the continuum that French
speakers identified as the vowe/} (F2 values ranging from 1300 to 1900 Hz),
English speakers perceived most of themuasand Portuguese speakers perceived

them agi/. Rochet therefore concluded that perception isikgyoducing L2
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vowels. Three perceptual theories of speech admuisare described below followed
by evidence in second language acquisition thgh@p these theories.
Perceptual Theories of Speech Acquisition

Theories of perception posit that infants are with an ability to perceive the
speech sounds that make up the world’s languagesk@V& Tees,1999) and attempt
to explain which parts of speech sounds humansdatteand how perception changes
with experience. Three perceptual theories commosdyg by researchers to explain
language acquisition are the Perceptual Magnettfiiee Speech Learning Model,
and the Perceptual Assimilation Model.
Perceptual Magnet Effect

In a 1991 study, Kuhl demonstrated evidence sujmgpaPerceptual Magnet
Effectin both adults and 6- to 7-month-old infants. Tinegnet effeatlescribes the
effect that prototypical vowels have on humans. gitwgotypical vowels “attract” the
vowels in the surrounding acoustical space, crgatire large category of vowels that
are all considered prototypical since people cadmstinguish the similar vowels from
the actual prototypical vowel. However, for vowetst identified as prototypical,
surrounding vowels are more easily identified dfedknt

The Perceptual Magnet Effect described and deneatestby Kuhl (1991)
posited that speech prototypes are innately detewafior humans. If this theory were
true, we could predict that the bilingual childiarthis experiment would produce
vowels in English words that are acoustically cluss&panish vowels as the Spanish

vowels because both the vowels in the similar wéirbe perceived as the same,
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assuming they are close to the prototypical vovegtined by an innate speech

mechanism. For example, the low central SpanisheVé@tis acoustically similar to

the low front English vowekd/; therefore, these two vowels might be perceivetha
same by a Spanish-English bilingual or a monolihgpaaker of either language. If

both &/ and £/ are in fact perceived as the same vowel, thaduiial child might

produce 4/ in place of &/, saying/kat/ instead of/ kat/ for example.

The Perceptual Magnet Effect, however, only aders the maternal language.
Other researchers have explored how adult and Idalthers of second languages
might perceive speech sounds of their new langu@age.such model is the Speech
Learning Model.
Speech Learning Model

A well-known and commonly discussed theory of shesmuisition with
similarities to the Perceptual Magnet Effect is §peech Learning Model (Flege,
1987, 1995). In the Speech Learning Model, Flepp@sed that L2 speakers do not
sound like native speakers of the language prisndtik to the inability to perceive
phonetic differences between two L2 sounds, or éetwan L1 and an L2 sound,
because perception becomes “attuned” to the saafmdk not because of an innate
speech mechanism as proposed by the PerceptuakeMatjact. The Speech Learning
Model posits that the failure in discernment is ttuéa) assimilation of pairs of L2
sounds to the same L1 category or (b) filteringmoperties of L2 sounds that are
unnecessary in L1 but necessary in L2. Flege pmb#hi@ accurate perception of L2
sounds is needed in order to “guide the sensorim@aoning” of those sounds which
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will lead to accurate production. If a sound fromand a sound from L2 are
assimilated to the same category or properties @f2Zasound are filtered out
perceptually, then production of the L2 sound waflect the L1 sound that is similar.
One of the postulates of the Speech Learning Misdbkt “the mechanisms and
processes used in learning the L1 sound systetaging category formation, remain
intact over the life span, and can be applied téelaZning” (Flege, 1995, p. 239). This
postulate is also callg@asticitywhich refers to the brain’s ability to change (Bosc
Costa, & Sebastian-Gallés, 2000).

Based on the Speech Learning Model, we could gréaat the children in this
study might produce similar L1 and L2 vowels assame, just as the Perceptual
Magnet Effect predicts. However, we can predict tweer time, as the children
become “attuned” to the sounds of English and bBle @ distinguish between similar
vowels, that they will begin producing each vowermaccurately instead of
substituting the L1 vowel for a similar L2 vowel.

Perceptual Assimilation Model

Similar to the Speech Learning Model, the foundatbBest’'s 1995
Perceptual Assimilation Model is that “non-natiegmients ... tend to be perceived
according to their similarities to, and discrepasdrom, the native segmental
constellations that are in closest proximity tonthie native phonological space”
(Best, p. 193). Best hypothesizes that nonnatieedp sounds will assimilate (a) to a
native speech sound category, (b) outside of aeapeech sound category, or (c) not

at all. Similar to the Speech Learning Model, tleeceptual Assimilation Model does
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not assume that there is an innate speech mechanismredetermined prototypical
vowels. However, the difference between the two e that the Perceptual
Assimilation Model predicts that speakers of a sddanguage will always perceive
the L2 sounds in how they are similar to or différhan the speech sounds from their
L1; whereas according to the Speech Learning Maoael, speech sound categories
can be formed over time.

Despite this difference, the Perceptual Assimitatibodel also predicts that
the children in this study will produce English eple sounds that are similar to
Spanish sounds as the similar Spanish sound arefdhe be considered an error. The
difference between these two hypotheses might tezrdaed by studying these
children after years of exposure to English, théir

Perceptual Bilingual Speech Acquisition Research
Influence of Maternal Language on Perception in Elorgual Infants

It is clear that exposure to a language affectsistaophonetic organization
beginning in infancy. Research shows that pricagproximately 4 to 6 months of
age, infants process vowels at a language-geraghrarrthan language-specific level,
that is, they can discriminate speech sounds framynanguages of the world from
other similar speech sounds. Between the agesnfl4 months however, exposure
to the maternal language comes to affect percepfitime vowels of the maternal
language (Bosch & Sebastian-Gallés, 2003; Kuhl,L18@ihl, Williams, Lacerda,
Stevens, & Lindblom, 1992; Polka & Werker, 1994).tAat time, infants perceive

differences between vowel pairs of their materaaguage but no longer perceive
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differences between those from other languagesr pbheception becomes specific to
the language of their environment. However, at @tin®, infants continue to perceive
consonants in a language-general manner, not getis keener perception of
consonants of their maternal language (Burns, dashilill, & Werker, 2007;
Werker, Gilbert, & Humphrey, 1981). Research shtvas maternal language affects
the perception of consonants by 8 to 10 monthgef(Kuhl et al., 2006).
Influence of Bilingualism in Infants

In response to studies showing that infants bedgfim Mnguage-general
perception of speech sounds which develops to Egepgpecific perception within
the first year of life, (Kuhl, 1991; Kuhl et al.992; Kuhl et al., 2006; Polka &
Werker, 1994), Bosch and Sebastian-Gallés (2008yaed the development of
bilinguals’ perceptual abilities during the firgar of life. They compared abilities to
discriminate a vowel contrast in 4-, 8-, and 12-theoid infants from Catalan-
Spanish bilingual environments (with 36, 36, ancchidren in each group
respectively). The chosen vowel contrast- /€/ is phonemic in Catalan, but not in
Spanish. Results from the 4-month-old bilinguahimt showed that they could
distinguish the'e/ - /€/ contrast, consistent with the monolingual studiescribed
above, suggesting that infants 4 months of age hdarguage-general perceptual
ability and can discriminate vowel phonemes of @eg of languages. The 8-month
bilingual infants in Bosch and Sebastian-Gallé©926tudy did not show the ability to
discern the vowel contrast. This inability was related to the language of the mother

so that those who discerned the contrast had @asgkeaking mothers and those who
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did not have Spanish-speaking mothers. The autmsluded that in a bilingual
environment, speech sound distribution is more derhan in a monolingual
environment and therefore perceptual reorganizdtiobilinguals depends on more
than just exposure. The 12-month-old Catalan-Spdrisigual infants showed the
ability to discriminate the Catalan-only contrdbts realigning with the
monolinguals. The authors concluded that the deveémt of phonetic representation
occurs at a different rate in monolinguals anchigilials.
Sequential Bilingual Adults

The effect of the maternal language on perceptianaonolingual infants
continues into adulthood in bilingual second largukearners. Bosch et al. (2000)
demonstrated that the Perceptual Magnet Effectasfaaction of the listener’s first
language by testing 24 highly proficient Spanishatza bilingual adults, 12 Spanish-
dominant and 12 Catalan-dominant participantsyat began learning their second
language at an early age (by the age of 6). Bosdltalleagues tested each Spanish-

Catalan bilingual with (a) Catalag# (b) Spanish-/e/, which is very close in the vbwe

space to the Catalagt/and (c) a vowel that is considered non-protatgpin either
language. Both of the groups treated the non-néivguage vowel in the same
manner that they treated the non-prototypical vallrey discriminated vowels within
small distances from the non-native target at admgate than they discriminated
native vowel contrasts within the same distanceatestnating that any perceptual
biases are from their maternal language. Boscltalehgues concluded that

phonemic representation of L1 has a “structureerivetl organization” and that L2
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speech sounds do not necessarily have the sameahteganization. They also noted
that, as the Perceptual Assimilation Model wouledict and the Speech Learning
Model might predict, Spanish-dominant participdatied to discern phonetic
differences between pairs of L2 sounds, which werg close to the target L1 vowel,
because they were assimilated to the same L1 agtagowever, the Speech
Learning Model also posits that category formatian occur throughout the life span.
Therefore one might predict that highly proficiesdyly L2 learners would have
formed new categories similar to a native speakdrtherefore be able to discern the
similar sounds. Because participants did not disoate, Bosch et al. emphasized that
new categories were not formed despite early expogarmal education, and
intensive, continuous use of L2 which they indidadaeggests loss of plasticity and
therefore disagreement with this postulate of theeSh Learning Model. However,
Bosch et al. did not include monolingual Catalaispanish speakers as a control
group. It is therefore unclear whether the bilingud display effects of plasticity
which would be shown by better performance thartwltemonolingual groups.

Brain plasticity was addressed in a 2006 study bjgiand Flege in which
they found evidence against loss of plasticitydsting 20 Spanish monolinguals, 20
English monolinguals, and 20 Spanish-English buadg, all adults. The bilinguals
were all early learners of English, their secomjleage. All groups were tested on
their ability to perceive four pairs of English vemcontrasts that were rated easy or

difficult to discriminate for native-Spanish speekdepending on whether or not the

contrast exists in Spanish. They werelija) [u], which was considered easy; and (b)
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[z] - [e™], (C) [u] - [ov]; and (d)[a] - [A], all of which were considered difficult. Results

showed that bilinguals’ scores for all contraste&m91%) were slightly lower than
those of English monolinguals (96%), but signifitamigher than those of Spanish
monolinguals (65%), suggesting plasticity in edailjnguals. In addition, the authors
noted that there was no overlap in the range ofdhll and Spanish monolingual
scores which led them to investigate within grotffecences based on a survey
completed by all participants. The surveys shoviatl the lowest scoring bilinguals
reported first exposure to English between the afisand 10 years, whereas the
highest scoring bilinguals reported exposure frota 2 years. Also, most of the
highest scorers reported using English more widnéts over the past 5 years, higher
use of English during their first 5 years of expesand attending school in the
United Sates longer than the lower scoring bilinguidzjen and Flege concluded that
perceptual plasticity is possible for early leasnef second languages and that
perception may depend on factors other than whéthevas acquired during
childhood or after adolescence. In response taeud which researchers did not
include monolingual native speakers of the eaidyriers’ L1 as one of the control
groups, such as Bosch et al. (2000), they suggésa¢glasticity cannot be
determined.

In another study involving BSL learners, MacKalede, Piske, and Schirru

(2001) tested early and late Italian-English biliaty to determine if they could
perceive the short-lag voiced English phonemtgs/d/, and/g/. They defined early

bilinguals as sequential bilinguals who began legrtheir second language during
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childhood or adolescence, usually by the age of.af bilinguals were defined as

learning their second language after adolescencKaMet al. hypothesized that
Italian-English bilinguals would perceive Englighy, /d/, and/g/ as/p/, /t/, and
/k/ respectively due to the lack of prevoicing in BEslglp/, /t/, and/k/ as well as in

English/b/, /d/, and/g/. The phonemesb/, /d/, and/g/ are all prevoiced in Italian
(McKay et al., 2001), that is, voicing begins beftine release of the articulators in
forming each phoneme. In English the same phonamnge®rmed with short-lag
voicing and/p/, /t/, and/k/ are formed with long-lag voicing. In short-lag ®ioig,
vocal folds begin vibrating just after the artidols are released; in long-lag voicing,
more time passes prior to vocal fold vibration. Mag and colleagues’ hypothesis
was confirmed for the late bilinguals when theyrfduhat late, but not early,
bilinguals perceivedb/, /d/, and/g/ as/p/, /t/, and/k/. This result can be partly
explained by the Speech Learning Model. The latéah-English bilinguals filtered

out the short-long lag distinction that is necegsatEnglish to discernb/, /d/, and

/g/ from /p/, /t/, and/k/. In Italian, one only needs to perceive prevoicregsus lag
voicing. However, because the early bilingualsdisglinguish the sounds correctly,
we can also conclude, agjen and Flege (2006) did, that experience alsospdanole
in perceiving the sounds of L2.

The studies about perception, summarized aboveg alith research findings
that perception of speech sounds is acquired béfereproduction, support the idea
that the influence of L1 on L2 in bilinguals maydhge to lack of L2 native-like

perception. Several of these studies showed tkansdanguage learners do not
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discriminate non-native speech sounds from sinhilasounds. Therefore if children
learning English as L2 do not hear the differene®vieen thed/ produced by English

speakers and the//that they are used to hearing, they might sulistfa] for /a/
when speaking English. Others studies indicaterthtive-like perception can depend
on factors such as age of first exposure and freguef exposure to L2. Therefore,
when determining what can be considesguical development for bilingual children,
it is important to define homogenous groups as etghens might be different
depending on age and length of exposure to L2lltivis from these two types of
studies that we need to know which English speedhds children are not producing
at the beginning of their exposure to L2, possihlg to not discriminating them from
similar Spanish sounds, and how we can expectdhlihange over time.
Summary

This study analyzed the speech sounds produceéybgr3old sequential
bilinguals in their second language of Englishital feffects of their L1, Spanish.
Approximately 100-word samples were collected egelor four points in time. If
perception is crucial for developing speech soundgquential bilinguals and they do
indeed perceptually collapse sounds from their sg¢anguage into acoustically
similar speech sounds of their first language, tiyprcally developing bilingual
children were expected to substitute Spanish sofandsmilar English sounds in
English words. Target words from their first langaaSpanish, were also analyzed to
ensure any differences observed are due to cnogsiitic influences rather than

developmental substitutions. Monolingual Englisbalers were observed for general
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comparisons. The purposes of this study were td€ermine whether knowledge of
Spanish as a first language affects productionngfligh in BSL learning preschoolers,
(b) describe patterns of influence that might ognuhese preschoolers for both
perceptual and production-based reasons, (c) theeckhanges in cross-linguistic
influence over time, and (d) compare the speechdsaf BSL English learners with
those of monolingual English children.

Although similar studies of bilingual speech acdioa have been done
(Gildersleeve-Neumann et al., 2008; Goldstein .e28I05; Goldstein & Washington,
2001) these studies have not controlled for vaegmbBlch as which language was
learned first, age of or amount of time since ahiéxposure to the second language,
and percent of weekly exposure to each languagee®d these studies also did not
investigate speech sounds produced in both langud@genot analyze L2 speech
sounds at the beginning of exposure, or elicitdgt arsmall number of target words.

Hypotheses

Based on previous research results, the hypotliéskes study were that (a)
children’s phonetic inventory will be the sameiadly in English and Spanish because
they will assimilate similar sounds to the samecgptual category, (b) 3- to 5-year-
old Spanish dominant Spanish-English bilinguald pribduce Spanish-influenced
English speech sounds and word shapes shown bitstibs of Spanish speech
sounds and word shapes for similar English speeghds and word shapes, (c) these
substitutions will lessen and accuracy will inceeas these bilinguals are exposed to

English for a longer period of time, and (d) bilirads will produce more incorrect
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consonants and vowels in English than monolinguagligh speakers. While
production-based factors were investigated, explamsfor the findings were

explored within a perceptual framework.
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Chapter Ill: Method
Participants

All participants were children who were recruitednh Head Start preschools
in the Portland, Oregon metropolitan area. Thedcéil were 3 bilingual Spanish-
English speakers ages 3;4 to 3;9 (mean=3;6) at#reof the study and 4 groups (10
to 15 per group) of children who speak English di) within the same age range
as the bilinguals at each point of data collectidme average score for the EO groups
were used for comparison. All children were enile English-speaking classrooms
at one of five different Head Start locations. Ré&ef the children completed a
survey that contained questions about the langhageground and development of
their children. All children were from monolinguabmes. The bilingual children had
their first regular exposure to English upon emigpreschool between the ages of 3;2
and 3;8 years.

The bilingual children were chosen from a grou@-gfear-old children in a
larger study on bilingual speech acquisition conelddy Christina Gildersleeve-
Neumann. The bilingual children who were selectedd@scribed in Table 7. Data
were collected each fall and spring with at leastdhths between collections. The
children were required to be assessed using bathdbrand Spanish during the fall of
their first preschool year in order to be in thedst Of these children, bilingual
children who participated at least three differtames with both languages sampled

during at least three of those times were seldcatethe current study. Children were
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then not considered if a child’s speech was indadibe to background noise, if one

or more parent spoke another language in the homegone or more of the data

Table 7
Bilingual Participant Background and English Samfpiéormation
. # of . Lang. Tlage (# T2age (# T3 age (# T4 age
Child data Child  Parents spokento Sex words) words) words) (#
. born  born )
points child words)
Gabi 7 USA Mexico Spanish F 3;6(127) 3;10(83%;4(133)
Maria 8 USA Mexico Spanish F 3;5(23) 3;9(119%;5(131) 4;10
(91)
Sofia 7 USA Mexico Spanish F 3;11(132) 4;3(80)4;10(129) 5;2
(136)

Note. T1 = First time of data collection; T2 = Seddime of data collection; T3 = Third time of data
collection; T4 = Fourth time of data collection;

samples contained fewer than 20 words. Bilingudtioctn are represented with
pseudonyms in this paper. Monolingual children waresen from the same sample if
they were close in age to the bilingual childreonra or more times of data collection.
Monolingual comparison groups are described in @8&bIMonolingual English
children were also not considered if the speectptamas inaudible or another
language was spoken in their home.
Participant Backgrounds

Children with IFSPs related to speech, languagblearing, were not
considered for this study. Those who were exposedanguage other than English or
Spanish on a regular basis were also not considdra@garent, teacher or examiner
indicated that they or someone they knew had coscavout a child’s speech or
language development, then the child was not iredud the current study to lessen

the likelihood that a child did not represent tgpibilingual speech sound
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Table 8

Monolingual Comparison Group Background Summary

Mean age Age range # females # males

T1
Bilingual 3,7 3;55t03;11 3 0
Monolingual  3;7 3;51t0 3;9 6 4
T2
Bilingual 4;0 3;9t0 4,3 3 0
Monolingual  4;0 3;9t0 4,3 7 6
T3
Bilingual 4;6 4:4 10 4,9 3 0
Monolingual  4;6 4:4 10 4,9 8 7
T4
Bilingual 4;11 4:9t0 5;2 3 0
Monolingual  4;11 4;:910 5;2 7 8

development. If the child was not judged to bedgpy-developing, that particular
child was not considered for this study.
Stimuli

The phonological and articulatory bilingual assemsthiPABA, Gildersleeve-
Neumann, unpublished) is a picture naming taskisting of object and attribute
words with which preschool children are commoniwifear. The English stimuli are
shown in Appendix A and the Spanish stimuli arengsh Appendix B. Words were
selected that provide consonants, vowels, andezkigt a variety of word positions

and contexts in each language. Because of thetneedude a variety of sounds and
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to ensure linguistic appropriateness, differentdgonvere used in the English and
Spanish tests.
Procedure

The PABA was given to each participant and recorgedg a DA-P1 Digital
Audio Tape Recorder or an Edirol R-09 24-Bit WavB3/Recorder. All recordings
were transferred to a computer as wave sound Algsessments were administered at
five Head Start locations during the school dayildZén were tested outside the
classroom in the quietest place that could be fairtle particular location.

Words were elicited by showing the child a pictarel asking, “What’s this?”
or using a cloze phrase such as, “Thisis a __If th& children did not respond or
responded incorrectly, they were given two or tholeeices in an attempt to elicit a
delayed imitation. For example, if the picture wés dinosaur, the clinician might
ask, “Is this a dinosaur or a mountain?” If thereot response was not elicited, the
clinician said the word and asked the child to atpie Bilingual and monolingual
children completed the same English assessmentRaititand State University
speech-language pathology graduate students whimiatkred the test primarily in
English but used some Spanish when necessarysiouating. Bilingual children also
completed a Spanish assessment which was admausteSpanish by a graduate

student.
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Analysis

All samples given by each bilingual participantrevéstened to by the author.
The transcriptions were reviewed as well. Datapaesented in tables and graphs
showing change over time.
Phonetic transcription

Samples were transcribed by listening to them enpeder sound files using
Sennheiser EH 1430 headphones. Files were trapdauing the International
Phonetic Alphabet (IPA) and entered ihingical International Phonetics Program
version 2.02 (LIPP, Oller & Delgado, 2000). Aftexch transcription was entered into
LIPP by a graduate student of Speech and Hearimgn&ss, a second graduate student
transcribed the sample. Any major discrepanciesdst transcriptions were
discussed and resolved. Finally, a Ph.D. level phiolan reviewed all transcriptions
to ensure uniform transcription. The final transerichanged fewer than 5% of the
phonemes. The final transcriber made the finalgd@cion correct transcription,
verifying the decisions with Praat acoustic sofevéBoersma & Weenink, 2005)
when there was a lack of clarity. For example, Pnass useful in distinguishing stops
from fricatives and detecting vowel r-coloring.
Phonetic Inventory

A phoneme was considered part of the English admldrinventory if 75% of
the English monolingual children produced it. Corestt and vowel inventories were
described for each bilingual participant in botlgksh and Spanish. It was noted if a

child produced any Spanish phonemes in their Emghigentory as well as English
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phonemes in the child’s Spanish inventory. Thengilials’ inventories were each
compared with the monolingual group correspondinthéir age at the time that the
sample was collected to determine whether bothpgof children had the same
inventories or if there were notable differencdse bilingual samples were also
compared with theoretical frameworks.
Accuracy

The accuracy of the children’s speech productioasewdetermined using
percent consonants correct (PCC) and percent vagelsct (PVC, Shriberg, 1993;
Shriberg, Austin, Lewis, McSweeney, & Wilson, 19939 both the Spanish and
English samples of the bilingual children. Averagese determined for both PCC
and PVC for the English samples of the monolingtidbren. Calculations were
determined with LIPP. Dialectical and individuahferes used by adults in the
community were not considered errors. For exanfyg#) hainds/ and/aiindz/ were
considered correct. Influences of Spanish speeghdsoon English speech sounds
were considered “errors” for the purpose of for panng bilingual to monolingual
speech sound development; it should be notedhbaetwould not be considered
errors if a child were being tested for a speeaimdalisorder.
Error Patterns

Rates of error patterns were reported for eacld ¢hia table, at both the
syllable level and the segmental level. Additiopadipecific examples of error
patterns are illustrated in Appendix C. Error paisevere selected because of their

frequency in typically-developing children and thiéielihood of cross-linguistic
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effects based on Spanish phonology. The errorpatteoted were: fronting, stopping,
tap for r substitution, gliding, backing, spiration, raising and lowering vowels,
substitution of a tense for lax vowel, derhotici@at diphthong reduction, final
consonant deletion, total consonant deletion, Bigdldeletion, cluster reduction, and
total cluster errors. Frequently-occurring errottgr@s among bilingual children as
well as those considered typical for monolinguaglisih speakers were described for
comparison. Results for each error pattern werepeoed within each child as well as
between bilinguals and monolinguals. English sasplteduced by the bilingual
children were then analyzed to identify influenoéSpanish on the English
productions of the children. The bilingual childe®&panish speech samples were
explored to see similarities and differences bebhneeglish and Spanish samples.

Speech sound substitutions, distortions, and deletmade by children were
considered to determine if they indicated influefroen the speech sounds of Spanish,
a developmental stage, learning a new languagepae-time pronunciation error. If
a substitution, deletion, or distortion was usednrEnglish production, the Spanish
sample was cross-referenced to determine whatiileegroduced in Spanish for a
similar target to determine if the substitution vd@velopmental or influenced by
Spanish.

For each substitution made, the number of oppdrasnio produce the target
was determined to find the percent of times thatténget was incorrectly produced.

This percent was compared with other points of datiection. Changes over time in
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error patterns were summarized for each child. dsebserved across children were

recorded.
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Chapter IV: Results

The results section of this study describes thedual children’s current L2
speech productions, how the children’s L1 has &gfietheir L2, and how the
influence changed over time. Additionally, the Esiglproductions of the bilingual
children will be compared with the EO group to ndigerences in L1 and L2
development. First the independent analysis restiltsis study will be presented
which includes consonant, vowel, and syllable shapentories. In all cases, English
data are presented first followed by Spanish dég¢at, the relational analyses will be
described beginning with percentage of consonamtect (PCC) and consonant
errors such as stopping and voicing errors. Comgagraors will be followed by word
shape errors such as cluster reduction and fimedamant deletion. Finally,
percentages of vowels correct (PVC) and other vanrelrs will be described.

Independent Analysis: Phonetic Inventory

English Consonant Inventories

PhonemesTable 9 shows the English consonant phonetic iovgrdf each

bilingual participant and the average phonetic imwey of the EO children. All
children, bilingual and EO, produced the phonenopsib, p, t, d, g, k]; liquids I, 4];
glides |, w]; and nasalsn, n, n] at all collection points. The only exception was
Maria who at T1 produced an abbreviated sample mgth/ as a target. A phoneme
was considered part of the EO average phonetiaitoveif 75% or more of the
children produced the sound at a particular tinie Voiceless fricatives|f, s, [],

and affricate ], were also produced by all children at each datkection point.

42



The voiced fricatives and affricate were later soog sounds for both the

bilingual children and the EO. At T1 Maria and &gffoduced the voiced labiodental
fricative [v]; at T2 Gabi and Maria produced;[and at T3 and T4 all of the children
produced the phoneme. At T1 only Sofia producedbheolar fricative #] but by T2
all of the bilingual children produced the consdreamd continued to produce it
through T4. The EO produced fand [] at all times from T1 through T4. The voiced
palato-alveolar affricated§] was produced at all times by all bilingual and
monolingual children except by Maria at T1 when déeoiced the sound and
produced {f]. This participant was only given one opporturidyproduce the affricate

due to her shortened sample whereas all otherrehildad several opportunities to
produce the sound and did not produce it every.time

Both the bilingual and the monolingual childrengwoed the voiced and
voiceless interdental fricatives][and [p] less consistently than all of the other

phonemes. At T1 Maria and Sofia produced the ve$sdp] which was not produced
by the EO. At T2, Gabi and Sofia produced the phanas well as the EO. At T3 and

T4 all children as well as the EO group produddd [
At T1 Gabi and Sofia produced the voicg}l Maria did not have the
opportunity to produce the sound due to the shedesample. In contrasg][was not

produced by the monolingual aggregate. At T2, Manid Sofia produced thag][as

well as the EO; Gabi did not produce the conson&nt.3 all bilinguals produced the
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phoneme but the EO did not and at T4, the EO predlitcas well as one of the two
bilingual children.
AllophonesBilingual children began using English allophonetha same

time or just after their monolingual counterpaMsria and Sofia as well as the EO

produced the allophonic glottal stop], [beginning at T1. Gabi and the EO produced

the allophonic tap,], beginning at T1. After T1, all children, bilingland
monolingual, produced the tap and the glottal stogvery sample given.
Spanish-influenced phonem@se difference between the EO and the bilingual
children consonant inventories is that the biligimldren used a few Spanish-only
phones in English words. All bilingual children stibuted Spanish consonants within

English words. The voiced bilabial fricative wasguced by Gabi and Sofia at T1

and by Gabi and Maria at T2. The voiceless veleatiive, [x], was produced by Sofia

at T1, T3 and T4. Sofia produced &nd Maria produced][both at T3. The
interdental fricatives were the least likely togreduced by both monolingual and
bilingual participants. They were never producedlbpilingual children and the EO
at any data collection point.
Spanish Consonant Inventories

Maria and Sofia produced all Spanish consonantgrhen in each of their

Spanish samples. Gabi produced all Spanish consphanemes with the exception

of the alveolar trill f] at T1.
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Table 9

Consonant Inventories: English Dafarlt and Goodban, 1976; Templin, 1957)

T4
G M S

T2 T3
G M S

G M S

T1
G M S

E

E

E

E

Allophone

?
.

Acquired
Acquired
later
Acquired
last

early

2 a0 - v € ¢« = oo NB -

n

i, D E > un—. P

*

Spanish-
influenced

Note.X indicates phoneme produced, * indicates phondargeted in samplé& indicates phone not

SoffeEiglish only group.

ia, S=

Gabi, M= Mari

targeted but produced; G
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English Vowel Inventories

All front vowels, both mid-central vowels, and baakvels with the exception
of [a], were produced in all samples at all data calbecpoints. Table 10 displays the
vowel inventories at T1 through T4 for each bilingahild and for the EO, also using
75% of all EO children as the criteria for prodoatby monolinguals. At T1, the EO

produced the low back vowal][ which occurs in English but not Spanish; Sofia
produced §] and Maria did not have the opportunity at T1. &llldren, bilingual and

monolingual, produced the voweid][at T2, T3, and T4. In addition to the vowels that
occur in both languages and only in English, eddhebilingual children produced
the Spanish low mid vowed] at each point of data collection. EO children dat
produce this vowel at any time.
Spanish Vowel Inventories

All bilingual children produced all five of the Smiah vowels; 1, e, a, u, o] in
their Spanish samples at every data collectiontpoin

Relational Analyses

Consonant Errors

Percent consonants corre®CC was calculated to the nearest percentage
point. Change in PCC over time is shown in Figur&He PCC value for the EO
group steadily increased from T1 through T4 as etqake For each of the bilingual
children, PCC also increased from T1 to T2 and fh@m T3 to T4. These increases

in PCC range from 3% to 19%. However from T2 to F@C essentially remained the
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Table 10

Vowel Inventories: English Data

v 9 0O C €S Y B m D H

A

T1 T2 T3 T4
G M S EO G M S EO G G M EO
X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X
X X X X X X X X X X X
X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X
* X X X X X X X X X X X X X
X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X

Note.X indicates phoneme produced, * indicates phondargeted in samplé& indicates phone not

targeted but produced; G=Gabi, M= Maria, S=Sof@=English only group.

same. Data collection point T2 occurred near tlteadrthe school year (in May or

June) and T3 occurred at the beginning of the Watig school year (in October or

November). Between T2 and T3, children were nobsgd to English. The lack of

change in PCC might have been because they dideaotor produce English

regularly between the end of one school year (fid)the beginning of the next (T3).

Table 11 lists PCC values for the bilingual childend the EO group.

Table 11

Percentage of Consonants Correct

Gabi Maria Sofia English Only
T1 T2 T3 T4 T1 T2 T3 T4 TL T2 T3 T4 T1 T2 T3 T4
age 3;63;10 4,4 - 3,5 39 45 410 3;11 44 410 52 3;7 4,0 46 4,11
C 6178 79 - 60 79 79 87 69 85 84 87 79 86 89 92

Note.Ages for EO group are mean values.
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Figure 1 Percentage of consonants correct in Engbsa function of time.
Error Patterns

The error patterns that were predicted to occtinenchildren’s speech did in
fact occur. In some cases the error rates follosvpdttern, generally decreasing with
time; in others, rates were variable. The pattérasoccurred in more than 10% of
opportunities for at least two of the bilingualldinén during at least two of the data
collection periods are described below. Error pag¢hat are still considered typical
for monolingual English speakers at the age ofégesuch as fronting, gliding, and
stopping (Smit, 1993) are also described. Tablksi2the incident rates of these error
patterns in English. Table 13 lists rates of ermrSpanish. The following error
patterns are described below: (a) consonant sutistis: stopping, velar fronting,
gliding, and tap fori/ substitution; (b) word shape errors: final coresardeletion and
cluster errors; and (c) vowel errors: derhoticatiraising and lowering, and lax to

tense substitution. Examples of these patternistee in Appendix C. Other error
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patterns, namely backing, spirantization, diphtheduction, consonant deletion, and
syllable deletion did not meet the criteria desedilabove and were therefore not

explored further.
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Table 12

Percent Occurrence of Error Patterns: EnlglBamples

Gabi Maria Sofia English Only
T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4

Consonants

Fronting 9.3 3.1 1.7 ~ 50.0 1.9 6.8 6.3 6.6 0.0 10.0 6.6 115 2.2 26.2 2
Stopping 2.9 149 12.7° 23.1 6.5 3.6 5.3 4.6 3.1 2.8 3.6 5.5 3.6 35 3.6
Tap fors/ 59 0.0 0.0 - 0.0 0.0 11.1 25.0 0.0 125 0.0 4.8 0.0 0.4 03.00
Gliding 3.1 0.0 8.1 - 0.0 9.3 0.0 0.0 5.4 0.0 6.5 0.0 24.2 20.0 12.72 8
Backing 0.6 1.1 3.8 - 0.0 1.2 2.2 1.7 2.8 2.1 0.0 5.9 1.4 0.8 0.4 0.5
Spirantized 2.6 7.4 1.9 - 4.4 0.7 3.2 0.0 1.3 3.3 2.6 1.3 1.4 0.7 0.4 0.3
Vowels

Raising 13.8 8.7 8.1 - 22.7 8.6 7.7 85 124 116 121 2.7 2.5 2.8 2.2 0.8
Lowering 75 146 87 - 26.1 9.2 13.6 89 13.1 152 9.7 128 45 3.3 2.2 1.0
Lax totense 8.5 148 41 - 0.0 122 109 357 200 80 250 20 5.5 2.0 2.2 0.6
Derhoticized 15.2 25.0 14.7 - 0.0 25.0 6.1 59 17.7 188 125 114 29.6 20.6 26.7 16.5
D'ph. 9.5 0.0 46 - 25.0 6.7 0.0 0.0 4.4 0.0 2.7 4.6 5.6 3.1 2.1 1.1
reduction

Word shape

Final

consonant 18.2 19.0 16.3 - 46.2 14.7 171 13.1 26.3 55 2.4.0 8.7 8.2 5.9 3.8
deletion
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Percent Occurrence of Error Patterns: EnglBamples (cont.)

Gabi

Maria Sofia English Only
T1T T2 T3 T4 T1 T2 T3 T4 T1T T2 T3 T4 T1T T2 T3 T4
Total
consonant 8.3 86 7.7 162 73 80 5.2 109 23 18 3039 35 29 15
deletion
Syllable 5 5 5 30 00 38 32 00 16 00 31 00 8430 17 15
deletion
Cluster 145 0.0 6.0 200 117 45 3.2 257 231 11.14 4 48 38 26 29
reduction
Cluster o705 560 580 100.0 61 61.0 450 720 50.0 05041.0 - - - -

errors
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Table 13

Percent Occurrence of Error Patterns: Spanish Saspl

Gabi Maria Sofia

T1 T2 T3 T4 T1L T2 T3 T4 T1 T2 T3 T4

Consonants

Stopping 6.3 6.1 124 35 92 53 6.0 95 43 1.8 1.8
Fronting 00 00 20 20 00 20 20 0.0 0.0 0.0 0.0
Backing 0.2 0.0 0.0 00 00O 00 00 00 0.0 0.0 0.0
Gliding 0.0 0.0 0.0 0.0 00 00 00 0.0 0.0 0.0 0.0
Spirantization 2.1 0.0 0.0 0.0 0.0 00 00 10 3.0 1.1 0.0
Vowels

Lax to tense 0.0 0.0 0.0 00 00O 00 00 0.0 0.0 0.0 0.0
Raising 28 27 5.0 28 27 08 08 16 7.1 1.2 1.2
Lowering 42 38 21 11 10 00 05 05 05 05 0.6
Word shape

Final

consonant 6.7 22.2 0.0 3.0 81 29 00 00 8.6 0.0 29
deletion

Total

consonant 40 44 19 0.8 15 08 04 00 15 0.4 1.2
deletion

Cluster 27 00 13 14 00 00 00 13 26 00 0.0
reduction

Syllable 63 19 37 16 52 54 00 06 47 00 23
deletion

Stopping With the exception of Gabi, in general stoppingesecreased and
then leveled out with time among the three bilirginldren. The EO group showed a
similar trend but leveled out before the bilingu&gure 2 shows how stopping rates

changed over time for all children. At T1, Mariadhaore stopping incidences,
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23.1%, than the EO which had 5.5%; Gabi with 2.9%4 fewer, as did Sofia with a
rate of 4.6% stopping. By T3, Gabi and Sofia hadlar stopping rates, 3.6% and
2.8% respectively, to the EO average of 3.5%. Tétepping rates remained similar to
those of the EO at T4. With the exception of Sddiaimilar downward trend was not
observed in stopping rates of the Spanish datal’ $S&panish stopping rate was 6.3%
at T1 and decreased to 3.5% by T4 but was variatiletween. Maria’s rates were
similar at T1 and T4, 9.2% and 9.5% respectivelyh vower rates at T2 and T3

(5.3% and 6.0%).
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Figure 2 Stopping rates in English as a functiotiroé.

Velar fronting.All children, monolingual and bilingual, producealifer
fronting errors at T4 than at T1. However at T2¢heere fewer or the same number
of instances as at T4. From T2 to T3, Maria, Seaiia, the EO increased their fronting

errors; Gabi showed a decrease in fronting. Bilaigund monolingual children

produced similar types of fronting errors, suclpaxiucing ¢/ as d] in the word
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goose(gus— dus). Additionally, bilinguals produced few frorgierrors, ranging

from 0% to 2% in their Spanish samples. See Figuoe fronting rates.
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Figure 3 Velar fronting rates in English as a fumctof time.
Tap for/i/ substitution A common yet variable error noted was substituting

the tap, f], for /u/ in words such adrum(produced asdram]). This pattern occurred
in up to 25% of opportunities for Maria at T4 arad at all at T1 and T2. Gabi made
the substitution in 5.9% of opportunities at T1 bat at all at T2 and T3 and Sofia
substituted the tap in up to 12.5% of occurrent@2and not at all at T1 and T3.
These error rates neither increased nor decreassistently with time for the Gabi
and Sofia but did increase with time for Maria.dughout the study, the EO group
had a tap fors/ substitution rate of less than 0.5%. See Figure 4

Gliding. Gliding occurred at a considerably lower and ma@eable rate for
the bilingual children than for the EO group. Frdththrough T3 Gabi’s rates were:

3.1%, 0%, and 8.1%. Maria’s gliding rate was 0%llgpoints except T2 when it was
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Figure 4 Tap foru/ substitution rates in English as a function ofdi

9.3%. From T1 through T4 Sofia’s rates were: 5.8%, 6.5%, and 0%. In most cases
the bilingual children either substituted a tamglale for 4/, but not both. At T3 Gabi
did not use the tap substitution but glided 8.1%heftime; Gabi did not use the
substitution at T2 and Sofia did not use it at md @3. Their gliding rates were 9.3%,
5.4%, and 6.5% at those times respectively. Mddandt use gliding at T3 and T4
and her rates of tap substitution were 11.1% afd &Sspectively. Sofia did not
substitute a tap fon/at T1 and T3 but her gliding rates were 12.5% 486 at those
times. The EO group rates in order were 24.2%, 2®4,% and 8.2%. Gliding was
not observed in the Spanish samples. See Figwediding rates.

Specific Consonant Accuracy Rates

Overall, monolingual accuracy rates for consoname greater than bilingual rates in
all samples. This was patrticularly true for the Estgonly phonemez/ which ranged

from 0% to 33% correct at T1 for bilinguals and 7&8%¥monolinguals and for
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Figure 5 Gliding rates in English as a functioniofe.

the phonemedt/ which ranged from 38% to 50% for bilinguals atarid 81% for
monolinguals. See Table 14 for rates. By T4 acgufaic/z/ was 0% for Gabi, 20%

for Maria, 57% for Sofia, and 97% for the EO grofipcuracy for &/ was 29% for

Gabi, 75% for Maria, 20% for Sofia and 92% for H#@ group. Bilingual children

produced other consonants with lower accuracy &tté&d but had similar rates by T4.
The English-occurring phoneme/ for example, was produced accurately 0% to 50%

of the time at T1 by bilinguals and 69% accuratsfythe EO group. By T4 both Gabi

and Sofia had 67% accuracy rates and the EO agowes69%. Additionally, by T4
all stops other thanl/ and 4/ were produced with similar accuracy rates randriom

89% to 100% for the bilingual children and from 91809% for the monolingual

children.
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In a few exceptions, bilingual children had highecuracy rates than the
monolingual children. For example, at T1 bilingaaturacy rates fof//ranged from
89% to 100% whereas the monolingual rate was 6286itdedevelopmental norms
suggesting that both Spanish and English speakeesiastered the sound by the age
of 3 years. Also,/ accuracy rates were higher for bilinguals atlatl collection
points. Bilingual accuracy ranged from 56% to 9% B 50% to 88% at T2, 72% to
95% at T3, and 75% to 90%at T4. Corresponding miogo&l English rates were

75%, 67%, 68% and 79% respectively.
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Table 14

Individual Consonant Accuracy Rates: English

‘-'Lg—cg&rHMNmox—h<ﬂwwu:HQ.'cc'

Gabi Maria Sofia English Only

T1 T2 T3 T4 TL T2 T3 T4 T1 T2 T3 T4 TA T2 T3 T4
73 70 100 44 74 86 93 74 100 80 90 94 96 96 98
85 100 89 100+ 88 83 100 93 100 96 100 88 95  9®9

33 80 70 40 44 56 67 50 60 80 64 82 74 86 91
84 91 81 - 84 77 92 76 87 87 81 84 88 87 91
71 67 71 - 62 79 60 38 67 77 71 85 90 92 94
85 95 94 50 94 89 89 94 94 89 97 90 97 94 96
- - 100* - - - - 100* 100* 100* @ - 100 100 100 oa

- - 60 - 50 60 100* 0 - 100* 80 79 72 77 85
o* 33 67* o* 50* 33* 33* 50* 0* 67 67 69 58 68 69

89 91 90 100* 75 95 100 90 100 95 100 62 97 9®2

o* 33* 50 - 20 29 0 100* 100* 33* 67* 50 47 31 58

20 100* O (0 0 33 67* 100* 100* 43 43 33 27 38140

o* 0* 0 - 40 38 20 33 67 91 57 73 84 8 97
74 89 89 100 95 94 97 69 78 78 96 81 94 92 94
25 75 0 - 100 100* 100 100 100* 100 75 73 89 8483

67 100* 100 - 100 83 100* 67 50 83 - 97 96 96100

50 25 29 - 43 75 75 38 100 67 20 8192 88 92

63 17 63 - 100 75 100 75 50 100 100 80 92 92 93
62 50 48 25 62 58 69 48 67 80 66 55 61 80 82
67 100 O - 67 86 100 67 100 - 100 84 91 95 94
56 89 95 - 50 72 75 91 88 90 90 75 67 68 79
60 50* 100 - 50* 80  50* 100 100* 100 100 76 8687 92
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Individual Consonant Accuracy Rates: Englistnt.)

Gabi Maria Sofia English Only
m 93 50 73 - 90 86 75 73 100* 90 100 95 96 96 97
n 100 88 92 71 81 84 100 57 100 100 100 94 96 9@9
n 50 75 80 - 100 83 67 36 75 60 80

Note. * = value based on 2 or 3 productipportunities, - = no opportunities
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Word Shape Errors

Final consonant deletiorDverall, final consonant deletion (FCD) errors
decreased with time for both bilingual and monalialgchildren. With only two
exceptions, Sofia at both T2 and at T3, all ratesevinigher for bilingual children than
for monolingual children. Figure 6 shows FCD rdtesall children. At T1 the EO
rate, 8.7%, was dramatically lower than bilingeks which ranged from 18.2% for
Gabi to 46.2% for Maria. Bilingual rates of FCD aanloser to those of the EO group
with time. At all times in all children with the egption of one instance, bilingual
children deleted a higher percentage of final caasts in their English samples than
their Spanish samples. Gabi’s rate of FCD in hpan$sh sample ranged from 3.0% to
22.2%; Maria’s ranged from 0% to 8.1%; and Sofiargged from 2.9% to 8.6%.

Total consonant deletioin general, fewer consonants were deleted by both
bilingual children and the EO group with time. Galate of total consonant deletion
at T1 was 8.3% and by T3 it was 7.7%. Maria andaSofates at T1 were 16.2% and
10.9% respectively and by T4 they were 5.2% anéo3Both Maria and Sofia
showed the same plateau as they did with PCC frano T 3. Figure 7 displays total
consonant deletion rates as they change overQGinmers.Incidences of cluster
reduction in English samples decreased overall ffdno T4 in both bilinguals and
monolinguals, with the exception of Gabi who did rexuce any clusters at T2 but
did reduce at T3. Cluster reduction rates are shavigure 4. Bilingual children’s

rates ranged from 14.5% to 25.7% at T1 and by T wewn to 3.2% to 4.4%.
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Additionally all cluster errors, including reduaticepenthesis, substitution, and

deletion, also decreased from T1 to T4 for allngtial children. Rates ranged from
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Figure 6 Final consonant deletion rates in Englista function of time.
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Figure 7 Total consonant deletion rates in Englisla function of time.
67% to 100% at T1 and from 41% to 45% by T4. Clusteors are shown in Figure 8.
Interestingly, the error rate from T2 to T3 levetad for all bilingual children similar

to the change in PCC rates from T2 to T3.
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Bilingual children reduced few clusters, and ofteme, in their Spanish
samples. Zero clusters were reduced by Gabi aby ®jaria at T1 through T3; and by
Sofia at T3 and T4. Rates in all Spanish samples {ess than 3% and the incidence

of cluster reduction varied rather than increasindecreasing with time.
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Figure 8 Cluster reduction rates in English asretion of time.
Vowel Errors

Percent vowels correcRercent of English vowels correct (PVC) increased i
all children at all time points, except for Marihese PVC remained the same from
T3 to T4. PVC is listed in Table 15. Values ranfredn 53% to 64% at T1 to 73% to
77% at T4. The plateau shown in the increase of P&@:s between T2 and T3 for
bilingual children did not occur for PVC. FiguresBows how PVC values change
with time. At each time of data collection PVC iglter for the EO, which was 84% at

T1 and 92% at T4, than for the bilingual childrétso, the average difference
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between PVC values for the EO and for the bilingu2l %, is greater than the

difference in PCC values for the two groups whieB% on average.

100
90 X/% —AK
80
o ___——
70 Q'///? e G
e 60 - o
M
S 50 = <
L 40 *
30 —%—EO
20
10
0
T1 T2 T3 T4
Data Collection Point
Figure 9 Percentage of vowels correct in English asction of time.
Table 15
Percentage of Vowels Correct
Gabi Maria Sofia English Only

T1 T2 T3 T4 T1 T2 T3
age 3;63;10 4,4 - 3;5 3,9 45

% 64 70 75 - 53 68 74

T4 T1 T2 T3 T4 T1 T2 T3 T4
410 3;11 44 410 52 3;77 40 46 411

73 50 66 70 77 84 89 90 95

Note.Ages for EO group are mean values.

Derhoticization Bilingual children substituted rhotic vowelsy, /fai, 24, €1, 1/

with non-rhotic vowels with the same or lower freqay than the EO. At T1,

monolinguals had a derhoticization rate of 29.6% #we highest bilingual rate was

Sofia’s at 17.7%. Gabi had a 0% rate but she oadlydne opportunity to produce a

rhotic vowel, in the wordiour, due to her shortened sample. Incidentally, Manic

Sofia both produced the rhotic vowelfaur as well. By T4 both bilingual children as
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well as the EO had lower rates of derhoticizatimemtat T1 with the bilingual
children’s rates, ranging from 5.9% to 14.7%, slightly lower than the EO with a
rate of 16.5%. Figure 10 displays derhoticizatiates for all children. Rhotic vowels

do not occur in Spanish.
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Figure 10 Derhoticization in English as a functajriime.

Vowel raising and loweringOverall the incidences of raising vowels
decreased from T1 to T4, changing from 13.8% t863.22.7% to 8.5%, and 12.4% to
2.7% for Gabi, Maria, and Sofia respectively. The/@l lowering rate decreased
overall for Maria, from 26.1% to 8.9%, and remaiaédut the same for Gabi and
Sofia at approximately 8.0% and 13% respectivelynbst cases, Maria and Sofia
lowered their vowels more often than they raisemrthLowering rates for Maria from
T1 through T4 were 26.1%, 9.2%, 13.6%, 8.9% arslngirates were 22.7%, 8.6%,
7.7%, and 8.5%. For Sofia the lowering rates w8r&%, 15.2%, 9.7%, and 12.8%
and raising rates were 12.4%, 11.6%, 12.7%, arfib.2The EO both raised and

lowered fewer vowels than their bilingual countetpat every point in time and
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showed a slow but steady decrease in these typesa@ errors. The EO group’s

rates of raising vowels were 2.5%, 2.8%, 2.2%, @886 in order from T1 to T4.

Their lowering rates in the same order were 4.5%63 2.2%, and 1.0%. Raising and

lowering of vowels were uncommon in the Spanishpam See Figures 11 and 12.
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Figure 11 Vowel raising rates in English as a fiorcof time.
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Figure 12 Vowel lowering rates in English as a tiorcof time.
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Lax to tense vowel3he occurrence of substituting a tense vowel flaxa
vowel increased overall for Maria from T1 at 0%ltbat 35.7%; decreased for Gabi
from T1 at 8.5% to T4 at 4.1%; and remained theesan20% for Sofia. At nearly all
data collection points, the EO made fewer lax ts¢esubstitutions, ranging from
0.6% at T1 and 5.5% at T4, than the bilingual aleid The exception was at T1 when
Gabi produced a shortened sample and did not nhalse substitutions. The majority
of tense substitutions for lax vowels were raigedifthe target vowel. For example, a
common error was to substitute the tense voWw#dr/ the lax voweld in words such

assick Figure 8 shows the change in tense for lax veubktitutions with time.
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Figure 13 Tense for lax vowel substitution rate&mglish as a function of time.
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Specific Vowel Accuracy Rates

Similar to consonants, vowel accuracy rates weeatgr for the EO group than
for the bilingual children. They ranged from 82%0@ for all vowels at all times for
the EO group and from 0% to 100% for the bilingtlaldren. See Table 16 for
specific accuracy rates. The greatest differencas w the English-occurring vowels
lal, I/, and A/ which had accuracy rates below 50% in more trehthe bilingual
samples and above 80% in all EO samples. See Flguieigure 15, and Figure 16
for comparison. One exception was the English-$pahish-occurring vowei//
which the monolinguals and bilinguals produced wsithilar accuracy from T2
through T4. See Figure 17. Bilingual rates rangethf91% to 100% for all vowels
compared to 98% to 99% for monolinguals at all 8nfagures 14 through 19
illustrate the variability of the percentage of gfie vowels produced correctly by the
bilingual children. In contrast, the EO group rageadually increase with time in each

case.
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Table 16

Individual Vowel Accuracy Rates: English

°

A

Gabi

55 100 91
90 75 84
60 100 100
92 63 87
35 57 53
90 100 80
0 0 100*
80 75 50
0 29 43
69 60 79
50 50 2

67*
100*
100*

100*
50*

33

Maria
90 93 100
81 61 50
36 92 100
79 53 71
67 59 91
89 90 89
75 33* 100*
60 86 25
18 75 75
70 89 90
20 50 44

63

100

60
70

Sofia
100100 100 100
67 85 79
82 100 80
75 75 44
56 71 79
90 89 89

90

75 100 75 100*
80 100100 100

33 43 7
31 83 71
18 29 18

100
61
42

90
88
92
90
83
82
83
93
91
82
90

English only
98 99
92 92
93 98
89 94
95 97
97 94
87 92
91 91
92 92
81 89
93 92

99
98
97
96
97
99
97
99
98
96
98

Note. * = value based on 2 or 3 produttpportunities, - = no opportunities
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Figure 14 Percentage correat production in English as a function of time
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Figure 15 Percentage corregtproduction in English as a function of time
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Figure 16 Percentage correst production in English as a function of time
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Figure 17 Percentage correi¢tproduction in English as a function of time
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Figure 18 Percentage corregtpgroduction in English as a function of time

71



100
90
80
70
60
50
40
30
20
10

Percent

T1 T2 T3 T4

Data Collection Point

Figure 19 Percentage correst production in English as a function of time
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Chapter V: Discussion

The purpose of this study was to describe Englgesh sound characteristics
of three sequential Spanish-English bilingual dleitdas they began learning to speak
English. The study began just after their initedular exposure to English, between
the ages of 3;5 and 3;11, and continued for alfdgstars until children were aged
4:;10 to 5;2. Bilingual children’s English product®and error patterns were analyzed
and compared with their own Spanish speech sowdlptions as well as with
average data from a group of monolingual Englisgka&prs within similar age ranges.

The first hypothesis of this study was that at @ignetic inventories would be
the same in English and Spanish. This was not fooithe true. The second
hypothesis of this study predicted that SpanishhEmdpilingual children would
produce Spanish-influenced speech sounds and weapes while speaking English
which was shown to be true. The third hypotheshsicivwas accurate, posited that
errors would lessen and accuracy would increaseedsilinguals were exposed to
English for a longer period of time. The fourth byipesis, that bilinguals would
produce more incorrect consonants and vowels iiginthan monolingual English
speakers, was also true. Results suggest thatr(@ srrors that are typical for
monolingual English children were also common fa bilingual speakers, (b) some
errors seemingly occurred because English washeatfirst language and they had
therefore just begun producing the new words anad@® of English, (c) other errors
were influenced by the sounds and words of Spathslr, first language. Almost all

errors decreased as children heard and spoke mgtisiEand with natural
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development. In general, bilingual children’s esrtgnded to decrease more rapidly
than monolingual children’s errors.

The findings for each hypothesis will be preserteldw with descriptions of
how the results changed over time and comparisotieetEO group. Specific
examples will be given with possible reasons ferehrors such as Spanish-influence
or developmental factors. Next, the relationshipwieen the results of this study and
perceptual theories of speech acquisition will betimed as well as implications for
the results as they relate to the field of speadigiiage pathology. Finally, a possible
framework for understanding sequential bilinguaesgh acquisition will be suggested
and limitations of the study will be described.

Phonetic Inventory Comparison

The first hypothesis of this study was that atth&, bilingual children’s
phonetic inventories would be the same in Engligth @panish. The inventories were
not the same, but they had several similaritiesofihe bilingual children did use
Spanish-influenced consonants and vowels that@r&mglish phonemes in their
English samples. Spanish-influenced consongitand [x] were produced multiple
times in English words at T1. Typically the suhstdn was correct for either place or
manner; for examplef//was replaced byg] in the wordbutterfly. In this instance,
both the target and the production were fricatihesyever the target was a

labiodental whereas the production was a bilaBithichildren also substituted the
Spanish-influenced vowel [a] for vowels close ia tlowel space, namelg/a, A, a/.
Additionally, all children used English-influencetiones in their Spanish samples

74



that they had also produced for their English sasyduch ag[ h, d3, 1, €, s, u]. The
most common English-influenced phoneme producé&pamish samples wag,[

often substituted fork/. These results also suggest similarity betweerctildren’s
Spanish and English inventories and are similaesaolts found by Gildersleeve-
Neumann, Pefa, Davis and Kester (2009) as desailtmee. Gildersleeve-Neumann
and colleagues attributed vowel errors to a reargdéion of the phonological system,
not to loss of abilities, suggesting that thesersrshould not be viewed as regression
in speech development. The results of this studiychvshow an overall improvement
from T1 to T4 in both L1 and L2, despite varialyilih between, support this view and
suggest that eventually bilinguals will approach flaency of monolingual speakers
in both L1 and L2.

Despite similarities in Spanish and English inveietsy there were in fact
Spanish-phonemes produced by participants in 8ganish samples but not in their
English samples, including, &, n/, which leads to different Spanish and English
inventories. All bilingual children also producedny English-only phonemes in their
English samples that they did not use in their &tasamples once again showing
that their inventories were not the same in Englisti Spanish. These English-only
phonemes included some of the phonemes that arealequired in English
monolinguals such as consonarfts,[v] which are often not acquired until ages 4 to 6
years (Arlt and Goodban, 1976; Templin, 1957) al agethe allophonic glottal stop

and vowels ¢] and ]].
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Spanish Influenced English

The second hypothesis of this study predicted3ipainish-English bilingual
children would produce Spanish-influenced speecind® and word shapes while
speaking English. This hypothesis was shown talee All bilingual children used
Spanish phonemes within their English samples Iméggnat T1, as described in the
paragraph above, and continuing through T4, afteost two years of English
exposure. Children continued to produce the tatgete, but changed the manner as
in the case of the bilabial fricativ@][substituted for the bilabial stop//which
occurred several times. In other instances bilifggpeoduced the target manner but
changed the place, for example, substituting ther ¥ecative [x] for the alveolar
fricative i/ in a word such aginosaur(dajnisai—dajnixas). Another common
influence of Spanish on English productions wasféag/ substitutions in words such

ascarrots (kesits—kerits). While the EO group had tap substitution rategrag from

0% to 0.4%, gliding more often than substituting tap for /, the bilingual children
had greater error rates, substituting the tap 4825% of the time. See Appendix C
for other examples of Spanish-influenced phonemedyzed in English words.

Bilingual children also commonly raised and lowevegvels to produce an actual
Spanish vowel, for example raisingto // in the wordbig. Bilingual children also
produced vowels that were closer than the EnglisteV to the Spanish vowel, for

example slightly raisinguf to produce a vowel betweew' and the Spanish-

influenced ¢/ in the wordcookies EO group rates of raising and lowering vowels was
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considerably lower than those of the bilingual dteh’s, as were their rates of lax to

tense vowel substitution. These substitutions ayewith raising and lowering vowel
rates in examples such &sgd/ to [big] described above. The English only low vowels,
/=/ and b/, and mid vowels s/ and A/ were commonly substituted by the Spanish-
influenced low central voweh]. For example, a bilingual child producedg/ in

place of kap/ whereas the EO group never made this error afasiones.

As also predicted in the second hypothesis, bilhghildren often deleted
final consonants and reduced clusters to followpih@notactic rules of Spanish. At
T1, bilingual children’s final consonant deletiate ranged from 18.2% to 46.2%
whereas the EO group had a rate of 8.7%. By T4 testtaining bilingual children
had a reduced rate of final consonant deletiorgingnfrom 7% to 13.1%, which was
still higher than the EO group rate of 3.8%. Chaldalso deleted final consonants in
their Spanish samples. This suggests that sonfeséterrors are developmental while
others might be influenced by Spanish. Cluster cedns also tended to create word
shapes that would be permissible in Spanish, famgte, changing the initial cluster
Isn/ to [n] in the wordsnake Final cluster reduction often reflected the Spanis
phonotactic rule allowing only// /c/, /d/, In/, and £/ to end words, for example

eliminating the last consonant in a final clusgerch asd] in the clusterdd/, so the

word would end ind]. At T1, all reduced clusters produced by twortglial children

were reduced so that the final consonant was peilolesin Spanish. For the third

child the rate was five out of nine clusters redbuicethis manner.
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Change in Accuracy

The third research hypothesis was that the eressrtbed above would lessen
and accuracy would increase as the bilinguals eepesed to English for a longer
period of time. The occurrence of nearly all epatterns did lessen with time and
exposure to English as well as with general devaeki. Stopping errors lessened
with time partially due to exposure to English gadtially due to development.
Bilinguals and monolinguals had similar rates opging consonants and bilinguals’
Spanish samples also had similar rates as theirdbrepmples, suggesting
developmental factors as the reason for stoppmgddition, bilingual and
monolingual children made similar stopping errorsheir English samples, such as
substituting ¢/ for /6/ in words such athree.Bilingual children also produced some
stopping errors in their Spanish samples that wendar to those in their English

samples such as changing the bilabial fricattveéd b/ in words such alebe
(beBe—bebe). Stopping errors in which English-only sounds evezplaced by stopped
sounds that occur in Spanish may be due to leamit®) For example, when a
bilingual child produced a stopping error in therdvseven (sevin — sebin) the
English-only consonant/, which was a new sound for the bilingual childremas

replaced byb/ which occurs in Spanish, their L1. However, @énr was also made
by EO children and may have been developmental.

Both PCC and PVC also increased overall for aldeen, which indicate
fewer errors. PCC increased by16% to 19% from TI2@and by 3% to 8% from T3

to T4, but leveled-out between T2 and T3 for dihigual children. The plateau
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observed in the bilingual children occurred aftemsner vacation, a time when
bilingual children were not exposed to English.sTleinds support todfen and

Flege’s (2006) conclusion that both length of tittnat bilinguals have been exposed
to L2 and continually hearing and speaking L2 hmlinguals improve their L2
perception, in this case shown through producfldve EO group steadily, but more
slowly, increased PCC from T1 to T4, therefore dtedpigher consonant error rates in
the bilingual children than the EO group, the Igtial children’s error rates decreased
more quickly.

In contrast to the decreasing error rates in theduial children’s consonant
production which approached the EO group’s ratesetror rates in vowel production
did not approach the EO children’s rates. The gual children began with PVCs
between 53% and 64% and at T4 had rates from 73%%% The EO group began
producing 79% of vowels correctly and by T4 accelsaproduced 92% of vowels.
Furthermore, the rates were highly variable bubait overall decrease from T1 to T4

in general. For example, in order from T1 throughSlbfia accurately produced the
phonemed/ in 33%, 43%, 7%, and then 100% of opportuniti&abi produced the

phonemed/ with 69%, 60%, and then 79% accuracy at T1, Tig, B3 respectively.
The overall results of greater accuracy in vowebpction at T4 compared to
T1 in the bilingual children offer support to bdtte Perceptual Assimilation Model
and the Speech Learning theory showing that cmlge¥ceive the phonemes more
accurately and therefore are able to correctly pcedhem. However, the seemingly

random increases and decreases in accuracy fraimrdugh T3 suggest that both of
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these models are too simplistic. These results@rarable to Bosch and Sebastian-
Gallés’ (2003) results which suggested that peuzdpeorganization in a bilingual
environment is complex and therefore will not neegy steadily increase or
decrease. They might also be compared to the sesutildersleeve-Neumann, Pefia,
Davis, and Kester's 2009 study also indicatingaganization of the phonological
system.
Lower Accuracy in Bilingual Children

The fourth hypothesis, that bilinguals would proelacore incorrect
consonants and vowels in English than monolingugliEh speakers, was also true,
even though the bilingual children met monolingdaglish developmental norms for
the production of all consonants. Starting at Tithw 2 to 3 months of English
exposure, the bilingual children, as well as thenalimgual children, produced all
English stops, liquids, glides and nasals. The REECPVC values of the EO children,
however, were lower at all data collection timeatithose of the bilinguals partly due
to Spanish influence, for example substituting arfsgh-influenced sound for a

similar English-only consonant, and partly duehte inexperience the bilingual
children have in speaking their L2. This was pattdy true for the consonants//
and 83/ which do not occur as Spanish speech soundsougtn 4/ does occur as an
allophone in Spanish, it is not part of the dialgicthe children in Bosch’s study and

was only used by one child at T3 when the examised the phoneme in her Spanish.

See Table 14 for accuracy rates.
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Production accuracy for consonantsdnd 4/ remained lower than other stops
throughout the study as well. This might be dueanfusion between English//and
/t/ and betweerg/ and k/, similar to the perceptual confusion shown byltagan-
English bilinguals in MacKay, Flege, Piske, andi8dan(2001). Additionally, the
percentage of correct productions for the vowedsa/ s, A/ remained considerably
lower than the EO rates throughout the study. Bessieing English-only vowels,
these are also the phonemes that surround theshpgaimbnemea/ in the vowel space.
All the bilingual children substituted the Spanigiwel for each of the named vowels
multiple times. Although the bilinguals’ accura@tes were typically lower
throughout the study, the difference between theduals’ rates and the
monolinguals’ rates of correct consonant produdti@ssened with time. By T4, the
bilinguals’ correct consonant rate was only 5% Iothan that of the monolinguals.
Difference between the bilinguals’ rates and theaatioguals’ rates of correct vowel
productions did not lessen with time.

Initially bilingual children produced the EnglisiMy consonants// and h/
with lower accuracy rates than the EO groups. Hawnedwy T3 or T4 the accuracy
rates fory/ and h/ were the same or higher than the EO group. Thyhignoccurring
/1l was produced by the bilingual children with highecuracy rates than the EO
group at all data collection points. Based on theegh Learning Model, Flege might
suggest that the phonemég for example, is not similar to any Spanish spesaund

therefore the bilingual children did not assimiltte sound to a preformed speech
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category or filter out properties of the phoneme.right further suggest that they
used their knowledge of the speech mechanism andsjpeech production of their L1
to accurately produce the sound.
Data Collection Methods

In understanding the children’s speech developnitistimportant to consider
the changing elicitation format used in this stuliyT1 and T2, most of the bilingual
children’s productions were in direct imitationtb& examiner; Gabi, Maria and
Sofia’s direct imitation rates for T1 were 94%, ¥QGnd 92% and for T2 were 67%,
93%, and 93% respectively. See Table 17 for nurabproductions made
spontaneously and in direct or delayed imitation.TB the bilingual children
produced fewer words in direct imitation than tlogy at T1 and T2 (16%, 1%, and
49%). This might have had an effect on accura@srdtor example, rates of
derhoticization were lower at T1 and T2, when Igilials had a model immediately
before producing the rhotic vowel, than they weréafter almost two years of
exposure to English. Even by T4 the bilingual afgtds rates of delayed imitation
were much higher than the EO group who producedynath of the words
spontaneously. Maria and Sofia’s direct imitatiates for T4 were 64% and 38%
respectively.

Perceptual Theories of Speech Sound Acquisition
Several of the errors that the bilingual childreaduced could be predicted

using theories such as the Perceptual Magnet Théwyspeech Learning Model and
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Table 17

Number and Percent of Productions: Spontaneousgy2el Imitation, Direct Imitation
Gabi Maria Sofia
T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4

Spont
# 6 14 40 0 8 31 32 10 6 46 66
% 5 17 30 0 7 24 35 8 8 36 49
Delay
# 1 13 72 0 0O 36 58 0 0 49 51
% 1 16 54 0 0 27 64 0 0O 38 38
Direct
# 120 56 21 23 111 64 1 122 74 34 19
% 94 67 16 100 93 49 1 92 93 26 14
Total# 127 83 133 23 119 131 91 132 80 129 136

Note. Spont = spontaneous production; Delay = @elamitation; Direct = direct imitation

the Perceptual Assimilation Model. All three of$keheories predict that the children
will produce L1 consonants and vowels, or similae®, while speaking in their
second language, English. The implications of sofrtee findings for theories of
speech perception are explored below.
Perceptual Magnet Theory

According to the Perceptual Magnet theory, the &balow middle vowel /a/
might be considered@ototypical vowel Therefore the closest surrounding vowels

=/, /al, lsland A/ are drawn toward tha//and the substitution is made. In the speech

samples of all three of the bilingual childresl,was commonly substituted for these
vowels. However with time and more exposure to Ehgfewer of these substitutions
were made which means that the souihds/not likely a prototypical vowel but
instead a phoneme in the L1 of the children. Adarpd above, Kuhl (1991) did not

consider different languages when suggesting tha ad a prototypical vowel; data

83



from the EO group offers further evidence that@qtypical vowel does not exist.
None of the EO children substituted for any of the surrounding vowels which might
still occur for a 3-year-old child if a prototyploaowel did actually exist aa/. Kuhl
does not address the idea of a prototypical comdoBased on this information about

vowels we might also conclude that a prototypicalisonant also does not exist.

Speech Learning Model
Interpreting thesea/ substitutions using the Speech Learning Moded, on

might conclude that it is not important how farrft@r back the low vowel is because
for Spanish speakers there is only one low voweér&fore early sequential bilingual

children perceptually filter out the front/back pesty that is unnecessary in Spanish
and produce#/ and/a/ the same as their preformed Spanish speech sategory
/al. However, with more exposure to English the Igilial children produced botk/

and/a/ more often, suggesting that new speech soundaad¢s were formed as Flege
(1987) would predict.

This pattern of initially substituting a Spanistilienced sound followed by
correct production of the English phoneme also oecufor several consonants. The
phonemev/, for example, initially had a low accuracy rateang bilinguals. The
voiced/voiceless contrast does not exist for Sipalaisiodentals therefore the
bilingual children may have filtered out the vogiproperty when listening to words
that contain the phonemé./However, by T4, bilingual production accuractesa

were similar to those of the EO group. It appelaas by T4 the bilinguals perceived
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some of the English-only contrasts and were begmto produce them. In the same
manner, word shapes of the bilingual children bexarore like those of their
monolingual counterparts. Cluster errors lessenddtiwne as the bilingual children
began to perceive and therefore form new word shafegories. For example, for
words that begin with an s-cluster (espaké rather than a vowel followed by an s-
cluster (e.g.escueld, children began producingnek/ instead of {snek] as had been
previously produced. To be certain that the redspthese newly formed category
was perceptual, experimental studies specificallgdting this aspect of speech would
need to be conducted.
Perceptual Assimilation Model

One can also look at some of the Spanish-influesaégtitutions from the
perspective of the Perceptual Assimilation Modelcérding to this model, bilingual
children will assimilate a nonnative speech sowrchss J/ to a similar native speech
sound such as the tap, hence the high rate obtdg substitutions. Children also
used gliding as a substitution fof.iIn most of their samples the bilingual children

either substituted a tap fao¥ br glided but not both. This might indicate théhough

children had already assimilated the phoneme tccategory (tap or/) based on
their perception they were experimenting with whaghive speech sound category to
assimilate to.

The Perceptual Assimilation Model also posits #rat 2 sound will assimilate
outside of a native speech sound category. Segleitdren produced the English-only

phonemesh/, A/, and 4/, possibly indicating that they perceived the e as its
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own speech sound category different than any o§pleech sounds of Spanish due to
a greater acoustical difference.

Determining whether either the Speech Learning Modée Perceptual
Assimilation Model is correct would prove to befdiilt. The Perceptual Assimilation
Model predicts that speakers of a second langudbalways perceive the L2 sounds
in how they are similar to or different than thesph sounds from their L1; according
to the Speech Learning Model, new speech soundmats are formed over time.
Based on the production results of this studypears that new speech sound
categories can be formed, which supports the Spesmiming Model. For example, at
T1 one of the bilingual children did not produce tnglish-occurring voweb/ but
by T4 produced it accurately in nearly half of@dportunities. Nevertheless, it is still
not certain that this child has a perceptual catefyw /a/. If these bilingual children
were studied after 10 or more years of speakingdiatehing to English, perceptual
experiments would still be required to determina/fam English-only speech sound
category such ag], was perceived. It is possible that the bilinguabuld perceive it
as a ] or they might still perceive it as & [with voicing. A production study could

not tell us this because even if the bilingual ipgrant produced the targed]| they

could be accessing thew] [category and adding voicing. Bosch et al. (2000)
suggested that adult bilinguals have not formed pergeptual categories. After more
than 14 years of speaking their L2, the adulthis $tudy still discriminated vowels
within small distances from the non-native targed higher rate than they

discriminated native vowel contrasts within the satistance.
86



By analyzing the English speech of the bilingualdtlen who participated in
this study, one can make predictions about whatacheristics of English speech they
perceive. Based on the Speech Learning Model weggass that children are filtering
out some of the characteristics of English phonetfm@sare not used in Spanish, their
L1, to distinguish between phonemes. From the getsge of the Perceptual
Assimilation Model children are perceptually assatimg English phonemes to
similar Spanish speech sound categories.

Implications

Although this study was of typically-developing seqtial bilingual children,
it s interesting to explore clinical implicatiofer children with speech sound
disorders. Frequently, speech-language patholodgsteot use a bilingual speaker’s
L1 phonological system to diagnose the child asrgaa speech sound disorder; we
often listen to their English speech sounds tordatee whether their L1 phonological
system should be assessed. This study shows ws 8gstnish-English child who
begins learning English at approximately 3-yearag# should be able to produce
many of the speech sounds of English. Some of thasech sounds will sound like
those produced by monolinguals; for example, algiol/ was not used by the
bilingual children in their Spanish samples, theyduced the sound accurately in

their English samples. Other speech sounds wéljikound influenced by Spanish

for example, the lax vowet//might be slightly raised and produced as a sound

betweeni/ and t/. The study also suggests that children will fkese some of the

phonotactic rules of Spanish in their English prithns. Some might perceive this as
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evidence of a speech sound disorder or delay bsti@sn in this study, it may be a
typical result of L2 acquisition. Because thesddthin were studied longitudinally,
the results also show that the errors describedealassen over time. Furthermore,
unusual errors typically associated with speecm@alisorders such as initial
consonant deletion, glottal substitution, and bagklid not occur frequently.

When observing a bilingual child speaking theirih@rder to determine if the
child should be assessed for a possible speecld stiswrder, we therefore need to
consider the characteristics of their L1 to underdtthe types of errors to expect.
Length of exposure should also be considered, fetler errors generally expected
after more exposure. Although the bilingual childseerrors decreased more rapidly
than the EO groups’ errors, their error rates weteas low and their correct
productions were not as high as those of the EQpgeven after almost two years of
English exposure. Allowing for experimentation gectice by the child is also
important; whereas the EO group’s average rateketeto gradually increase or
decrease over time, the bilinguals’ individual sateere irregular with an overall trend
of increased accuracy and decreased errors. Onédsiieo consider the manner in
which words were elicited. When given a directratifect model before producing
the word, children might be more accurate thahefytare required to produce the
word from memory.

The information in the current study can only bedias a general guideline
for observing Spanish-English bilinguals and farad in what to look for in future

studies. Larger studies are needed to determinealygrror rate decreases and to
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describe both errors and which speech sounds sheutdrrectly produced by these

children. New studies should be conducted to desc¢hese values for children whose

first exposure to English is at an older age andfalfferent duration and intensity.
Limitations

This study is limited by several factors includihg data collection methods.
All samples were transcribed at least two timesafmuracy using acoustic software
when a sound was not clear. However, if the equiirdeel not pick something up or
if background noises occurred during the recordavgn acoustic software could not
be used.

Another limitation is the varying nature of the @aamples. The number of
target words produced ranged from 22 words to 18@is: Therefore the
opportunities to produce particular speech souadged from zero opportunities to
many. Also, using direct imitation to elicit worggght not give an accurate picture of
what the child produces without the support ofractimodel. At T1 and T2, the
bilingual children produced almost all of their wierafter a direct model whereas the
monolingual English speakers productions were gedklspontaneous or with a
delayed model.

Analyzing the speech sounds of only three bilingidren also limits the
study. To truly understand the nature of speechdagvelopment in bilingual
children more children should be included. The afs&tatistical analysis would also

help to ensure that the trends noted are significan
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Although a homogenous group of children was setetgarding the length
and nature of their English exposure, all variali@sid not be controlled. For
example some of the children might have had masgrates which could
significantly affect their English exposure at 'Rlso, despite the attempt to select
child-friendly words, some of the children mightvbeeheard some words for the first
time whereas others from a different classroom thiglve heard the same words
regularly. Better data could be collected if alldten came from the same classroom
and target words came from the stories read amdtaed of the class.

As noted previously, perceptual research is netmadtually know what
bilingual speakers perceive in their L2 and largfedies would help support the
results of this study. To get a better idea of lsegquential bilingual children acquire
L2 studies that include conversational speech sasrfppbm their natural environment
would also be helpful.

Conclusion

This was an initial study intended to observe t8uasition in 3-year-old
sequential bilingual Spanish-English speakers wdtbbieen recently exposed to
English for the first time. The study looked at htheir L2 speech changed over time,
how it compared to their L1 speech, and how it careg to monolingual speakers of
the same age. Results of the study indicate thsgitdesome similarities with
monolingual speakers in the development of Enghsdny of the types and rates of
error patterns and substitutions made by the hilhghildren were different. As

explained above, these substitutions and deleti@tsare calle@rrorsin this study
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are actually considered typical for L2 learners awodld therefore not be considered
errors in diagnosing a speech sound disorder. frbe m@tes in the bilingual children’s
English samples were generally higher than thoskeomonolingual children as well
as those of the same children’s Spanish samplegrtbrs were often the result of
Spanish-influence or of the newness of L2. Howewseey time the bilingual

children’s consonant error rates approached thbgeanonolingual children and

after approximately a year and a half of Englishasure error rates were often as low
as or almost as low as the monolinguals’ ratethisfpattern of improvement
continues, due to continued exposure and prathese children will likely become
fluent speakers of English before adulthood.

Although this was not a perceptual study, infoioratn the literature review
illustrates that perception plays a part in spesgjuisition. Two theories, the
Perceptual Assimilation Model and the Speech Laeartheory, offer possible
explanations for some of the errors observed irbtlvegual children. The children did
likely not perceive all of the characteristics loé tEnglish phonemes and words
needed to produce them accurately.

In order to have a complete understanding of hilaiganguage acquisition,
we need to have knowledge of how both perceptiahpaaduction of L2 typically
develop. Gaining understanding of both of thes¢spzrL2 development might help
L2 learners become fluent speakers of their L2 nyorekly and easily. It will also
allow for accurate diagnosis and more effectivattrent of speech sound disorders in

bilinguals. As the number of sequential bilingulaildren entering our schools
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continues to increase, these are important issuesnsider for Spanish-English

bilingual children as well as other bilinguals.
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Appendix A: English Stimuli

apple soap mouse
apples clouds cat

one cookies sock

two dinosaur dog
three chocolate puppy
four fish drinking
five flower cup

Six foot drum
seven toe elephant
eight fork pancakes
nine spoon pants
ten french fries pencil
red hamburger pig

baby giraffe boot
planes glasses rainbow
jet grapes ring

balls ship school
this/that guitar teacher
little frog SCissors
big hammer sheep
banana stop boat
yellow hand slide
feet finger face
bath helicopter smile
bathtub horse smoke
bird house squirrel
feather door stars
chicken gate strawberry
eggs ice cream string
goose jacket swinging
nest zipper cake
black juice pie
books jumping candle
boy bike throwing
girl skates tiger
brother pool orange
brush kitchen toothpaste
butterfly lamp toys

sick leaf truck
carrots lips soup
cars mouth vacuum
caterpillar teeth watch
pet tongue waterfall
chair milk fire
snake mirror firetruck
spider mountains
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Appendix B: Spanish Stimuli

agua columpio mariposa
platano verde matrtillo
Amarillo cuchara montafia
anillo cuerda naranja
arena dedo negro

arco iris labios nifo

ardilla dientes nubes
aspiradora dinosaurio 0jo

aviones doctor oruga

azul ducha oveja

bebe elefante pajaro
bicicleta escoba pluma
blanco escuela pan

caballo Maestro/a pantalones
camion espejo papas fritas
casa estrella hamburguesa
arbol flor perro
cepillo flores pescado
chaqueta fresa pie

cierre fruta brazo
chico galletas pierna
grande gallo pluma
pequefio girafa raton
pelota guitarra reloj
Pelotas helado resbaladera
chocolate helicéptero sapo
manzana hoja serpiente
uno huevos silla

dos humo sol

tres iglesia sonrisa
cuatro jaboén feliz

cinco juguetes tambores
seis jugo tenedor
siete lampara tigre

ocho lapis tijeras
nueve leche triste

diez lentes uvas

coche libro zanahorias
cocina luna anaranjado

hermano




Appendix C: Error Tables

Examples of Errors

Child Time Feature Example Notes
Consonants

Stopping

Maria T1 v—b sevin—sebin Developmental, L2 learning, Spanish
influence
Maria T1 -t 01i—tui Developmental, L2 learning
Sofia T1 o —-d resBa|aaija SpaI‘IISh data
—respBladija

Fronting
EO T1 g—d grtai— drtau Developmental
Sofia T2 g—d gus—dus Error also in EO, developmental
Sofia T3 k—t smok—smot Error also in EO, developmental

Gliding
Maria T2 1 -W miJal— mIiwe Deve|0pmenta|

Tap for 4/
Maria T4 1= duam—dram Spanish-influenced
Gabi T3 1= fedos—fedar Spanish-influenced
Gabi T1 1= KeJTts — KerTts Spanish-influenced
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Examples of Errors (cont.)

Child Time Feature Example Notes
Word Shape
FCD
Maria T1 d—o brid—bL Spanish-influenced
Sofia T1 k—@ fajaatink —fajaitia Developmental, Spanish
influence
Sofia T1 b—@ bae0trb—bx0ta Spanish-influenced
SOﬁa T4 X—0 relox—relo Span'Sh data,
developmental
Maria T1 70 lapiz—lapi Spanish data,
developmental
Clusters
Maria T1 b—p blaek— plak Spanish influence
Gabi T3 p—b plens—blens Spanish-influenced
Sofia T3 sn—1sn snek—1snek Spanish-influenced
Sofia T2 SW—yW swinging—ywinging  Spanish-influenced
Sofia T1 bi—ba. binf—baJaf L2 learning
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Examples of Errors (cont.)

Child Time Feature Example Notes
Vowels
Derhoticization
Gabi T1 -0 tigal—titfa Developmental
EO T1 1-Q fedou—fedo Developmental
Raising and
Lowering
Sofia T3 Uou buk—buk Raised, Spanish-influenced
Maria T1 I—¢ stks—seks Lowered, eror also in EO
Lax to tense
Maria T2 coe pet—pet Raised, Spanish-influenced
Maria T1 I—i stk —sik Raised, Spanish-influenced
/al Substitution
Sofia T3 A—a kap—kap Lowered, Spanish-
influenced
Maria T1 -2 bleek —plak Spanish-influenced
Sofia T4 -2 hemai—hamas Spanish-influenced
Gabi T3 a—a fiag— fiag Spanish-influenced
Maria T1 Aoa WAN—wan Spanish-influenced
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