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 Simultaneous bilingual and early sequential bilingual children are exposed to two 

languages while acquiring the sound system for the first time.  In bilingual children who 

are identified with speech sound delay or disorder, the question arises of how to approach 

intervention in the most effective way.  In monolingual English learning children, some 

strong within syllable patterns of coronal consonant and front vowel, labial consonant 

and central vowel, and dorsal consonant and back vowel that are based on rhythmic 

mandibular oscillations without independent movement of the tongue have been 

identified as occurring more frequently.  No information is available on children learning 

Spanish or on children who are early bilinguals relative to the presence of these patterns 

in output.  Consideration of the presence of these patterns, typical of early development 

in English learning children, would help to plan remediation more precisely for bilingual 

speech delayed children.  If the patterns are present, they should be accounted for as basic 

aspects of the production system output available to young children that might need to be 
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assessed and incorporated into early intervention protocols for bilingual children.  The 

present study tests the hypothesis that significant similarities between performance-based, 

consonant-vowel (CV) co-occurrence patterns produced in Spanish and English can 

provide greater efficacy for assessment and intervention practices for bilingual Spanish-

English children. 

 Within syllable CV co-occurrence patterns were observed from 66 months to 81 

months of age in six bilingual Spanish-English speaking children.  Consonants were 

categorized into labial, coronal, and dorsal place of articulation while vowels were 

categorized by front, central, and back dimensions to evaluate co-occurrences.  

Predictions based on the Frame then Content (FC) theory (MacNeilage & Davis, 1990) 

were evaluated relative to intrasyllabic combinations of consonants and vowels. 

 Results confirmed the prediction that CV co-occurrence patterns produced by 

bilingual Spanish-English speaking children share significant similarities with those 

produced by children in previously researched languages. These results show that the 

production based hypothesis of the FC theory of speech production, tested previously on 

English learning children is also characteristic of bilingual children learning Spanish and 

English. 

 These findings suggest that consonant-vowel co-occurrence patterns are impacted 

by the capacity of the production system to produce different sounds in combination in 

diverse language learning circumstances, even when children are simultaneous bilingual 

learners.  Mandibular oscillation without independent tongue movement within syllables 

is responsible for early intrasyllabic patterns produced by children.  The FC theory 
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supports the role of performance-based assessment and intervention for future practices 

in the field. 
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CHAPTER ONE: INTRODUCTION 

 Consonant-vowel (CV) co-occurrences refer to intrasyllabic combinations of 

consonants and vowels.  During the canonical babbling (Davis & MacNeilage) and the 

first word period (Davis, MacNeilage & Matyear, 2002) infants produce CV co-

occurrence patterns that are based on rhythmic mandibular oscillations without 

independent movement of the tongue within syllables.  This production based hypothesis 

for organization of early speech output has been tested on children learning English as 

well as a variety of other languages (Davis, MacNeilage, & Matyear, 2002; Kern & 

Davis, 2009; Teixeira & Davis, 2002; Lee, Davis, & MacNeilage, 2007; Gildersleeve-

Neumann, Davis & MacNeilage, in press). 

 Due to individual differences during development, intervention is often required 

to achieve age expectations for developmental speech milestones for children with delays 

or disorders.  Previous research has indicated that as many as 16% of monolingual 

English-speaking children at 3 years of age exhibit a speech sound disorder of unknown 

etiology (Shriberg, 2002).  There is limited data for rates of speech delay or disorder in 

bilingual children, but the rates may be similar for this population.  Most recently, a 

school survey report conducted by the American Speech and Hearing Association 

(ASHA) found that from 2000 to 2010, at least 91% of speech-language pathologists 

(SLPs) had served students in the area of articulation/phonological disorders, the largest 

representation throughout the different areas of intervention (ASHA, 2010).  

Professionals carrying out intervention for these children must be educated about 

effective practices in order to capitalize on treatment time. 
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The CV co-occurrences predicted by the Frame then Content (FC) theory have 

been shown in children learning languages in monolingual environments. If the CV co-

occurrences are present in children who are bilingual learners, presence of these patterns 

should be assessed.  If they are present, the patterns can be considered as a strength in 

that they indicate that the child has incorporated basic production system patterns 

although not all aspects of the phonological system are age appropriate. If the child does 

not produce CV co-occurrences, clinicians should consider these basic syllable based 

patterns in planning early intervention protocols.  While previous research has supported 

the presence of within syllable patterns for monolingual children across a variety of 

languages, the present study focuses on describing patterns produced by bilingual 

English-Spanish speaking children. 

Consonants are produced in a variety of places in the mouth with differing 

combinations of articulators.  Vowels are produced in front, central, or back areas of the 

mouth along with varying degrees of tongue height. The syllable is the foundational unit 

of speech patterns in speakers and listeners who employ oral linguistic communication 

across languages (Maddieson, 1984). As a result of the primacy of the consonant vowel 

syllable in languages, CV co-occurrence patterns have been a subject of study in previous 

research due to the importance of understanding speech acquisition in children learning 

English as well as across other languages. 

It has been debated whether or not phonetically based theories or phonologically 

based theories better account for the nature of speech acquisition in young children.  

Phonological approaches focus on a priori knowledge as it is evidenced by observable 
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behaviors (McCarthy & Prince, 1993).  An individual’s knowledge base unfolds as the 

individual matures and is regulated by the input they receive, with little consideration for 

active learning in the speech production system.  Phonetic approaches do not require an a 

priori form and focus on the peripheral action system as being the basis for phonetic 

behavioral patterns and their development (Davis & Bedore, in preparation). 

One phonetic perspective on speech acquisition is the Frame then Content theory 

(MacNeilage & Davis, 1990).  The FC theory, motivated by Lashley’s (1951) 

investigation of speech errors and their relation to an explanation of serial organization of 

action sequences, was developed to account for initial motor control of speech 

production.  According to the FC theory, speech production is an evolved capability to 

fill syllable frames, or structures, with segmental content elements, or individual 

consonants and vowels (Davis et al., 2002). 

Previous research evaluating the predictions of the FC theory have established 

that three predominant CV co-occurrence patterns are used most frequently by children 

across several languages, including English (Davis, MacNeilage, & Matyear, 2002), 

French, Romanian, Dutch, Tunisian, Turkish (Kern & Davis, 2009), Brazilian Portuguese 

(Teixeira & Davis, 2002), Korean, (Lee, Davis, & MacNeilage, 2007) and Ecuadorian-

Quichua (Gildersleeve-Neumann, Davis & MacNeilage, in press). 

Early studies involving English-speaking participants revealed a predominance of 

three CV co-occurrence patterns: labial+central, dorsal+back, and coronal+front (Davis 

& MacNeilage, 1995; Davis et al., 2002) based on the proposed patterns of rhythmic 
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mandibular oscillation without independent movement of articulators from the jaw cycle 

in within and across syllable patterns. 

Much of the previous research has been devoted to speech production in the 

earliest stages and, therefore, included infant participants at the babbling and early word 

level. The present study is focused on consideration of school-age participants who have 

achieved more complex cognitive development and perception-production experience in 

their spoken languages and are learning a second language.  Accordingly, the goal of this 

study will be to evaluate patterns of CV co-occurrences in 5.5-6.75 year old bilingual 

children who are early learners of English and Spanish.  The findings of this research will 

be valuable in understanding the nature of serial patterns of speech output in children 

who are early bilinguals. This information can be used to support assessment and 

intervention protocols when intervention is warranted. It can also be interpreted as 

providing information to evaluate phonetic versus phonological theories of speech 

acquisition. 

 The present study tests the hypothesis that children produce the same CV co-

occurrences in Spanish that they produce in English.  This hypothesis was developed 

based upon previous research findings of significant CV co-occurrence similarities 

between monolingual English (Davis et al., 2002) and other languages such as Brazilian 

Portuguese (Teixeira & Davis, 2002), French, Romanian, Dutch, Turkish, and Tunisian 

(Kern & Davis, 2009), Korean (Lee, Davis, & MacNeilage, 2007), and Ecuadorian-

Quichua (Gildersleeve-Neumann, et al., in press).  The predictions of the present study 

include: 
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1. Similar production of predominant CV co-occurrence patterns throughout 

bilingual children’s English only and Spanish only samples; CV co-occurrence 

patterns produced by bilingual English-Spanish speaking children will be similar 

to those produced by monolingual English speaking children. 

2. Overreliance on the predominant CV co-occurrence patterns produced by children 

with low intelligibility due to a lower variety of vocabulary. 

Due to the differing phonological systems of the two languages, any similarities 

or differences noted, following data analyses, would reveal further information regarding 

whether one or both of the phonetic and phonological theories accounts for the first years 

of speech acquisition  

To test these hypotheses, the current study explores CV co-occurrence patterns 

observed during story tells and retells for six bilingual Spanish-English speaking children 

between the ages of 66 months and 81 months.  All story samples utilized were produced 

spontaneously, however a prepared script read by the examiner preceded the story retells. 

 The overall aim of this study is to evaluate the CV co-occurrence patterns 

produced by bilingual Spanish-English speaking children to determine if they are 

similarities to patterns produced by younger monolingual learning children across 

languages.  While data has been collected for CV co-occurrences in a variety of 

languages, no information is available on these patterns in somewhat older children or in 

children who are early bilinguals. 
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CHAPTER TWO: BACKGROUND 

THEORIES OF SPEECH ACQUISITION 

Phonological approaches of speech acquisition have led to a number of theories 

centered on the idea that the child must operate with intact phonological knowledge base, 

but a constrained production system (Dinnsen, McGarrity, O’Connor, & Swanson, 1999). 

Development was then triggered by perceptual access to enable the child to realize 

already available speech production knowledge. 

  In contrast, one performance-based approach developed into a theory describing 

speech acquisition as basic “frames”, or syllable structures, that were then filled with 

segmental elements of “content” – individual consonants and vowels (MacNeilage & 

Davis, 1990). Bell and Hooper (1978) found that the consonant-vowel syllable structure 

was the only universal type of syllable across languages.  CV co-occurrence patterns have 

previously been researched in an effort to test a phonetic speech production hypothesis on 

the syllable in the acquisition of speech in young children at the onset of speech-like 

behavior.  The primary focus of research has been consonant and vowel relationships in 

order to contribute supporting information for the patterns predicted by the FC approach.  

The FC theory focused on performance and how a child’s speech production and 

perception systems functioned to enable her to begin producing speech-like output that 

was eventually connected to word meanings.  The systems would eventually develop into 

production of more complex output accompanied by knowledge of the phonological 

system (MacNeilage & Davis, 1990).  This chapter will review available research and 
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discuss how CV co-occurrences have been interpreted within phonological and phonetic 

approaches. 

PHONOLOGICAL APPROACHES 

All of the phonological approaches operate under an assumption that there is an 

underlying a priori form, which determines the characteristics of output during the early 

stages of phonological acquisition (McCarthy & Prince, 1993).  These approaches focus 

on the child’s representational competence that is evidenced progressively as she matures 

and can reveal her competence about the sound system of her language. 

Classic generative phonology (Smith, 1973) focused on developing a set of 

written phonological rules to characterize phonological development.  This linear 

approach was influenced by Chomsky and Halle’s (1968) approach to the phonological 

theory, approving the concept of a limited number of universal distinctive features 

characterizing the sound systems of all languages (Dresher, 2005).  Chomsky and Halle’s 

(1968) idea of each phonological representation consisting of a linear sequence of 

matrices represented the linearity of the classical theories.  Each matrix was comprised of 

linear distinctive feature specifications of individual phonemes, representing manipulable 

phonological properties (Pulleyblank, 1989).  The basic unit throughout this early theory 

is the distinctive feature. 

To counter this theoretical perspective, it can be argued that there is no 

explanation in phonological theory of why the child’s underlying representations or rules 

were developed or where they come from.  Perhaps the strongest argument against classic 

generative phonology is the inconsistent view of a child’s underlying representation of 
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accurate adult forms, yet an observable development and utilization of inaccurate forms 

that are characterized by phonological processes (Stampe, 1973), non-linear phonology 

frameworks (Pulleyblank, 1989), or more recently by optimality theory accounts (Prince 

& Smolensky, 1993). 

 As different theoretical frameworks began to be developed to account for 

weaknesses in previously developed theories, grounded phonology attempted to define 

feature combinations in terms of well-formedness and focused on the relationship 

between features and their roles in different languages.  This model also offered a 

modality-independent view of phonological events (Archangeli & Pulleyblank, 1994). 

In contrast to linear phonology, nonlinear models include both suprasegmental 

and segmental level units (Pulleyblank, 1989).  Pulleyblank (1989) also argued that a 

nonlinear approach to phonology provided straightforward solutions to the weaknesses 

exhibited by linear phonology such as an exponentially large generation of feature 

combinations that are not demonstrated by phonological processes.  The nonlinear, or 

autosegmental, model presented a multi-tiered representation (Goldsmith & Laks, 2005) 

with features on separate, but parallel tiers, organized by “association lines” (Goldsmith, 

1979). 

Optimality theory (Prince & Smolensky, 1993), a modern phonological approach, 

proposes that the observed forms of language occur from the interaction between 

conflicting constraints, rather than processes or rules.  This theory proposes that 

constraints are universal, but their order is language-specific (McCarthy & Prince, 1993).  

Sufficient explanation of why the constraints are used is limited. 
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PHONETIC/PERFORMANCE-BASED APPROACHES 

Phonetic, or performance-based, approaches differ from phonological approaches 

of speech acquisition with regards to being biologically based and describing speech 

movements in terms of the development of the peripheral production system and 

perceptual capabilities of the individual (MacNeilage & Davis, 1990).  Originally, Arbib 

and Rizzolatti (1997) developed the gestural-origins theory as a way of discussing the 

evolution of speech with regards to a vocal-medium channel while Lieberman (1971) 

instead, focused on a vocal-auditory channel. 

MacNeilage and Davis (1990) developed the Frame then Content (FC) theory, 

providing a continued focus on the vocal-auditory channel, but differing from Lieberman 

by accounting for evolutionary organization. The initial inspiration for the FC theory was 

a question posed by Lashley (1951) about the unaccounted issue of time for action 

sequences discussed in the phonological approaches of speech acquisition.  Lashley 

approach contrasted with phonological theories because he described action sequences, 

such as speech, as occurring within a time domain. Phonological theories described 

abstract underlying systems of knowledge that do not have a time dimension in 

representation.  In contrast, Lashley discussed behavioral sequences as hierarchical, 

central plans.  His support for this argument was that internal plans are created for later 

behaviors based on current behavioral errors. 

The FC theory was developed to consider Lashley’s problem of organized action 

in the time domain for human infants who are learning to produce speech. Three 

hypotheses were developed involving consonant-vowel relations that were used to test 
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the proposal of frame dominance conceptualization. Based on a first case study by Davis 

& MacNeilage (1990), they proposed that consonants made at the front of mouth would 

cooccur with front vowels, consonants made at back of mouth would cooccur with 

vowels at back of mouth, and consonants made with the lips will cooccur with vowels at 

the central part of the mouth.  The initial co-occurrences of coronal-front and dorsal-back 

relate to with the lack of independence of the tongue within consonant-vowel syllables.  

The FC explanation for labial-central co-occurrences is mandibular oscillation because 

the tongue is in resting position while the mandible oscillates up and down and the lips 

ride passively on the jaw.  Due to the neutral position of the tongue in the jaw closed 

position, the labial-central co-occurrence was termed a “pure frame” (MacNeilage, 1998), 

while the other two co-occurrences were considered to be superimposed onto the basic 

frame.  This resulted in a fronted frame and backed frame for coronals and dorsals 

respectively (Davis et al., 2002).  Evidence for these hypothesized CV co-occurrences 

gained empirical support based on a number of studies in diverse languages (Davis, 

MacNeilage, & Matyear, 2002; Kern & Davis, 2009; Teixeira & Davis, 2002; Lee, Davis, 

& MacNeilage, 2007; Gildersleeve-Neumann, Davis & MacNeilage, in press). 
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CHAPTER THREE: PURPOSE AND PREDICTIONS 

	   The primary research question of this study is	  what CV co-occurrence patterns 

Spanish-English bilingual children produce in both languages relative to previous data 

collected for monolingual children across a number of diverse language environments.  

To evaluate this issue, CV co-occurrence patterns occurring during narrative tell and 

retell task completed by Spanish-English bilingual children will be explored.  Data 

analysis will focus on comparisons between the participants’ Spanish and English speech 

samples and between the productions of bilingual children and data for the productions of 

monolingual English children. 

 To evaluate this hypothesis, data representing CV co-occurrences occurring in the 

speech output of six bilingual 5-6 year old children will be analyzed.  The purposes of the 

present study are to characterize CV co-occurrence patterns to supplement evidence-

based practices for future assessment and intervention practices involving bilingual 

children.  No prior study has explored the CV co-occurrence patterns produced by 

bilingual Spanish-English school-age children; therefore, it can provide a greater 

understanding of the development of the production system and the performance-based 

and/or phonological-based output of young children. 

 Phonetic/performance-based approaches suggest that speech output is accounted 

for by basic properties of the production system. Specifically, the FC theory proposes that 

speech acquisition is a product of biomechanical properties of observable behavioral 

output (MacNeilage & Davis, 2005; MacNeilage & Davis, 1990).  Phonological-based 

approaches describe speech acquisition as the outcome of manifestation of underlying 
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mental representations and output rules (Archangeli & Pulleyblank, 1994).  The adult 

sound system consists of patterns of distinctive features revealed in output patterns 

(Dresher, 2004).  Data comparisons between output in English and Spanish will 

determine whether there is significant support for one or both of the phonetic-based 

approaches or the phonological-based approaches. 

 

CV CO-OCCURRENCE PATTERNS 

Prediction: Predominant patterns in the participants’ Spanish and English speech 

samples will be comprised of labial with central, coronal with front, and dorsal 

with back CV co-occurrences. 

 

 CV co-occurrence patterns produced by bilingual English-Spanish speaking 

children are predicted to be significantly similar to those established based on studies of 

monolingual children in diverse languages.  In early speech production, phonetically-

based approaches account for CV co-occurrence patterns present in babbling and single 

words because they are proposed to be motorically available (Davis et al., 2002).  Due to 

this, the three predominant patterns of coronal+front, labial+central, and dorsal+back 

patterns have been observed with higher frequencies.  These patterns are predicted to 

persist throughout the following years of speech development with evidence of the 

predominant patterns still occurring with the highest frequencies.  However, given the 

greater ages of the participants involved in the present study, effects representing 

phonological-based approaches of speech acquisition may be present as the participants 
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will have more time to acquire knowledge of the phonological systems of their spoken 

languages and parse out relevant sounds. 

 

BILINGUAL AND MONOLINGUAL OUTPUT 

Prediction: Predicted output patterns from bilingual English-Spanish speaking 

children will be similar to those produced by monolingual English-speaking 

children. 

 

Previously researched languages such as Brazilian Portuguese (Teixeira & Davis, 

2002), French, Romanian, Dutch, Turkish, and Tunisian (Kern & Davis, 2009), and 

Ecuadorian-Quichua (Gildersleeve-Neumann, et al., in press) have also shown strong 

trends toward these predominant CV co-occurrence patterns represented in monolingual 

English output.  Accounting for typical bilingual errors of speech production, such as 

English vowels produced more like Spanish vowels (e.g., “heat” for “hit”), the 

predominant CV co-occurrence patterns are still predicted as the corresponding vowels 

fall into the same category in both languages.  The Spanish /i/ is classified as a front 

vowel, as is the English /ɪ/; they differ with respect to formant characteristics and 

duration of the vowel (Morrison, 2009).  Figure 11 shows the corresponding vowel 

categories for English and Spanish vowels, with Spanish vowels represented within 

circles.  In addition, despite the differing adult phonologies, research has shown that 

infants from both Spanish-speaking and English-speaking groups produce similar forms 
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of babbling, typically CV syllables with voiceless, unaspirated plosive consonants, as 

well as similar vowel productions (Oller & Eilers, 1982). 

 

 

 

 

 

 

Figure 1. English and Spanish vowel categories 

 

INTELLIGIBILITY EFFECTS 

Prediction: The types of CV co-occurrence patterns produced by the participants 

with low intelligibility will be similar to participants with high intelligibility. 

However, the frequencies of the patterns are predicted to be different.  The 

children with low intelligibility will produce predominant CV co-occurrence 

patterns with greater frequency, while children with high intelligibility will 

produce a greater variety of CV co-occurrence patterns. 

 

 The children with high intelligibility may have increased motor control and/or 

awareness of different combinations of sounds and could therefore produce a wider 

variety of combinations resulting in a decreased frequency of predicted patterns.  This 

outcome could be related to the level of vocabulary acquired.  For example, the number 

	  	  	  	  	  	  i	   	   	   	   	  	  	  	  	  	  	  u	  

	  	  	  	  	  	  	  	  	  	  	  	  	  I          ʊ 

      e            əә        o 

 ɛ  ʌ       ɔ 

   æ        a          ɑ 

Front     Central        Back 
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of different words in relation to the total number of words produced, type-token ratio 

(TTR), can result in different frequencies of CV co-occurrence patterns being produced.  

Low intelligibility patterns are predicted to resemble those more similar with a typically 

developing, younger population due to their overreliance on the predominant patterns. 
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CHAPTER FOUR: METHODS 

PARTICIPANTS 

 Data for 6 bilingual Spanish-English speaking children was analyzed to study the 

nature of CV co-occurrence patterns in early bilingual learners.  Participants ranged in 

age from 66 months to 81 months (5.5-6.75 years) at the time of data collection.  Three of 

the participants were male and 3 were female.  The participants included 3 simultaneous 

language learners and 3 sequential language learners. 

Simultaneous language learners are a result of dual language input from parents or 

caregivers because the child is simultaneously acquiring two languages.  For purposes of 

this study, simultaneous language learning participants are defined as those who have 

acquired their second language before the age of 3 years (Kessler, 1984).  Sequential 

language learners are defined as individuals who have acquired another language after the 

age of 3 years.  This age has been determined to be the point a child normally has 

achieved basic communicative competence in their first language system (Kessler, 1984). 

Each of the sequential language learners involved in this study began using their second 

language at least 25 months prior to the collection of their speech samples.  The speech 

samples were originally collected for the risk for language impairment in Spanish English 

bilinguals conducted by researchers at the Human Abilities in Bilingual Language 

Acquisition (HABLA) Lab at the University of Texas at Austin. 

The participants were selected from a larger pool of 187 participants participating 

in a longitudinal study of risk for language impairment in bilingual children.  The 187 

children were selected from a larger pool of 1,203 children who completed language 
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screening in prekindergarten in two school districts in Central Texas and one district in 

Utah.  Children were selected to participate in the longitudinal study if they scored in the 

at risk range on the Bilingual English Spanish Oral Screener (BESOS; Peña, Bedore, 

Gutierrez-Clellen, Iglesias, Goldstein, in development) and used English and Spanish at 

least 20% of the time.   

All of the participants completed the BESA, the Bilingual English Spanish 

Assessment (Peña, Gutierrez-Clellen, Iglesias, Goldstein, & Bedore, in development).  

The BESA is an experimental, unpublished test to identify markers of language 

impairment for bilingual English-Spanish speakers, ages 4 to 6 years of age.  Based on 

performance on the phonology subtest of the BESA three pairs of children were selected 

for this analysis.  Three children with low phonology scores were selected. Children were 

considered to have low phonology skills if they were 1 standard deviation or lower on the 

English and Spanish phonology tests of the BESA. They were matched with children with 

high phonology skills who were in the same age range and had comparable language 

experience.  All children passed a hearing screening administered at school.  Further 

demographic information about the participants is summarized in Table 1. 

Table 1 

Description of participants 
 

Child Gender Chronological 
Age (yrs;mos) 

Mos. of 
English 

Mos. of 
Spanish 

Intelligibility 
in English 

Intelligibility 
in Spanish 

Phonology 
Skills 

GO M 5;8 32 68 Low Low High 
LL F 5;10 70 46 Low Low Low 
LV F 5;11 71 71 High High High 
RM M 6;9 81 81 High High High 
YT F 6;1 25 73 High High Low 
ZJ M 5;6 30 66 Low Low Low 
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DATA COLLECTION 

Spontaneous speech was audio-recorded while each child engaged in “narrative 

retell” and “narrative tell” tasks in both Spanish and English in a school-testing 

environment.  Narrative tell tasks were comprised of the child’s spontaneous narrative 

productions after looking through the pages of a wordless picture book.  The narrative 

retell tasks included the participant’s production of a retell of the story following a script 

of the story read by the examiner.  Both narrative tell and narrative retell tasks were 

conducted in English and Spanish.  The books used for this task were, Frog, Where Are 

You? (Mayer, 1969), Frog Goes to Dinner (Mayer, 1974), One Frog Too Many (Mayer, 

1975), and Frog On His Own (Mayer, 1980).  A Sony ICD-MX20 digital audio recorder 

was used for recording. 

 

DATA ANALYSIS 

TRANSCRIPTION 

 The children’s recorded speech productions from the narrative tell and retell tasks 

were phonetically transcribed using the International Phonetic Alphabet (IPA) system of 

notation (revised 1993; updated 2005) by a primary transcriber trained in phonetic 

transcription for school-age, bilingual Spanish-English speaking children.  The primary 

transcriber and reliability transcriber were graduate students in the Communication 

Sciences and Disorders department at The University of Texas at Austin. 

 Although the children were bilingual speakers, data for Spanish productions and 

English productions were analyzed separately in order to determine significant 
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relationships between and within the different language output produced for the narrative 

tells and retells. 

RELIABILITY 

 Transcription reliability was evaluated for the consonant and vowel categories 

separately.  One additional transcriber trained in transcription for school-age, bilingual 

Spanish-English speaking children, also transcribed English and Spanish samples for 

each participant.  A set of 77 utterances (10% of the dataset) was randomly selected from 

the participant’s speech samples to be transcribed.  The reliability between the two 

transcribers and the original transcriber was calculated using a point to point reliability 

method.  The point to point method compares agreement between transcribers based on 

agreement on consonants and vowels agreed on versus overall frequencies of consonants 

and vowels respectively.  Labial, coronal and dorsal stops, nasals, glides, fricatives, 

liquids, and affricates were analyzed as individual consonant types. Vowels were grouped 

into the same 3 categories used for analysis. Reliability for consonants was calculated for 

individual consonant types in the corpus. Overall reliability for consonants was 89.7% for 

the 2 transcribers. Agreement for labials was 94.3%; for coronals, 86.4%; and for dorsals, 

93.1%. Reliability for vowels was 92.8% overall. For front vowels, reliability was 91.9%, 

for central vowels, 93.6%, and for back vowels, 93.2%. 

 
DATA SELECTION 

 Speech patterns during narrative tell and retell tasks were selected due to the 

nature of spontaneous speech produced and possible variations of vocabulary produced.  

All word tokens consistent with the elicited language for the narrative task were included 
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in each analysis.  Code-switched segments were excluded from the transcription samples 

to maintain a consistent phonological system throughout each analysis and due to their 

low frequency of occurrence (9 utterances out of a total of 770 utterances). 

DATA ANALYSIS 

All transcribed data was analyzed by hand onto printed language transcripts of the 

participants’ productions. Phonetic transcription was mapped onto printed language 

transcripts for each child.  Consonant and vowel categories were developed based upon 

the initial framework established by Davis and MacNeilage (1995).  For purposes of 

analysis, consonants were grouped into place categories.  Place categories included 

labials ([b, p, m, w, f, v]), coronals ([d, t, n, j, θ, ð, s, z, ʃ, ʒ, l, tʃ, dʒ]), and dorsals ([k, 

g, ŋ]).  Labials included sounds articulated with the lips, coronals included sounds 

articulated with the tongue tip or blade, and dorsals included sounds articulated by raising 

the dorsum of the tongue.  The palatal glide [j] was classified as coronal.  Glides were 

included in the analysis as consonants due to the shared property of accompanying the 

mouth-closing phase of speech.  Other consonants were categorized into an “other” 

category. 

Vowels were grouped into front ([i, ɪ, e, ɛ, æ]), central ([ə, ʌ, a]), and back ([u, 

ʊ, o, ɔ, ɑ]) categories.  Shared vowels of English and Spanish include the front vowels 

([i, e]) and back vowels ([u, o]).  Diphthongs were analyzed according to the front, 

central, or back dimension of the vowel contiguous to the consonant. 

 Initially, inventories of individual consonants and vowels were counted.  

Subsequently, an inventory was created of the individual CV co-occurrence patterns 
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produced.  For example, if the child produced “tee” during the narrative task this 

production revealed a coronal consonant-front vowel co-occurrence pattern.  Frequencies 

of occurrence of consonants and vowels in the nine potential cells were then analyzed 

using χ2 analysis to analyze above-chance occurrences for each CV association. 
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CHAPTER FIVE: RESULTS 

 The primary purpose of this study was to examine what CV co-occurrence 

patterns Spanish-English bilingual children produce in both languages.  The aims of this 

analysis were to reveal similarities and differences between the CV co-occurrences 

patterns exhibited by Spanish-English bilingual children and those produced by children 

across a number of diverse language environments, especially monolingual English-

speaking children. The longer term goal is to consider the usefulness of these patterns for 

planning assessment and intervention with bilingual children.   

 

GENERAL CHARACTERISTICS OF ENGLISH DATA 

A total of 1,986 word tokens were analyzed.  Individual words throughout the 

English speech samples consisted primarily of monosyllables (83.3%) and disyllables 

(16.1%).  Monosyllables and disyllables represented 99.4% of the word tokens in this 

analysis, compared with 92.8% for English (Davis et al., 2002).  Coronal consonants 

made up the majority of consonant place categories produced (56.5%), followed by 

labials (22.5%) and dorsals (15.1%).  Vowel categories were consistent with findings by 

MacNeilage & Davis (1995) with central (32%) and front (42%) vowels occurring at 

higher frequencies than back (26%) vowels.  For all of the participants, the number of 

consonants exceeded the number of vowels produced in English.  Further information 

regarding the data analyzed is summarized in Table 2. 
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Table 2. 

Description of English data 
 

Child Types Tokens Segments, n Syllables, n 
   C V mono- di- poly- 

GO 209 612 539 326 557 52 3 
LL 80 257 387 266 229 23 5 
LV 103 407 741 449 246 161 0 
RM 67 229 444 260 193 35 1 
YT 64 212 332 237 181 29 2 
ZJ 97 269 294 291 248 20 1 

Totals 620 1986 2737 1829 1654 320 12 
 

INTRASYLLABIC PATTERNS IN THE ENGLISH DATA 

 Intrasyllabic CV co-occurrences in English for the individual participants can be 

seen in Table 3.  Results are expressed as ratios of observed frequencies to expected 

frequencies in each converging cell (values above 1.0 are considered to be above-chance 

for a cell) for a χ2 analysis.  Expected frequencies are generated using the overall 

frequencies of individual consonant and vowel categories.  For example, if 20% of the 

total number of consonants consisted of coronal consonants and 30% of the total number 

of vowels included front vowels, then the expected frequency for the cell would be .2 x .3 

= .06 of all CV pairings. 

Across the 6 participants, eighteen cells (i.e. labial-central, coronal-front, and 

dorsal-back co-occurrences) were predicted to have expected values greater than 1.0 and 

are noted in boldface for each participant.  Of the 18 predicted associations, 14 were 

confirmed.  The exceptions included labial-central co-occurrences. 

Relative to individual child values, 6/6 children showed the predicted coronal-

front CV co-occurrences; 2/6 children showed the labial-central, and 6/6 children showed 
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the dorsal-back CV co-occurrences.  Thus, for two of the three predicted CV co-

occurrences, most of these children followed the predictions of the FC hypothesis. 

In English, the participants produced coronal-front co-occurrences with the 

greatest frequency (27%), followed by coronal central co-occurrences (21%).  Four 

participants produced too few dorsal-central co-occurrences for the χ2 analysis.  This may 

have been an effect of the story tell and retell narrative context.  There may have been 

lexical effects based on the single topic covered by the children related to the stories.  

Thus, dorsal CV co-occurrences could not be evaluated within this narrative context. 

 

Table 3. 

Ratio of observed to expected occurrence of labial, coronal, and dorsal consonants with 

front, central and back vowels in English 

  Vowel 
Child Consonant front central back 
GO coronal 1.04 1.12 0.73 

 labial 0.93 1.21 0.90 
 dorsal 0.95 - 2.21 

LL coronal 1.01 1.41 0.44 
 labial 0.83 0.65 1.68 
 dorsal 1.37 - 1.66 

LV coronal 1.01 1.23 0.72 
 labial 1.07 0.95 0.95 
 dorsal 0.88 0.20 2.14 

RM coronal 1.22 0.99 0.52 
 labial 0.50 1.89 0.90 
 dorsal 0.75 - 2.92 

YT coronal 1.20 1.31 0.41 
 labial 0.76 0.58 1.75 
 dorsal 0.93 0.96 1.13 

ZJ coronal 1.01 1.21 0.84 
 labial 1.03 0.86 1.04 
 dorsal 0.89 - 1.44 
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 There were 32 unpredicted co-occurrences analyzed.  Four cells did not have 

enough data available for χ2 analysis.  Of the 32 cells analyzed for CV associations that 

were unpredicted, 11 exhibited above-chance co-occurrences.  The unpredicted patterns 

were as follows: coronal-central (5/11), labial-back (3/11), labial-front (2/11), and dorsal-

front (1/11) co-occurrences.  The difference between predicted (14/18) and unpredicted 

(11/32) results was significant [χ2, df (4) = 181.28, p < 0.0001].  This result indicates that 

there were significantly more predicted CV co-occurrences than unpredicted CV co-

occurrences occurring at above-chance levels. 

 

GENERAL CHARACTERISTICS OF SPANISH DATA 

A total of 1,678 word tokens were analyzed for the children’s productions in 

Spanish.  Individual word tokens throughout the Spanish speech samples consisted 

primarily of monosyllables (40%) and disyllables (45%).  These two word types 

accounted for 85.1% of those utilized in the analysis.  This represented closely related 

frequencies, in contrast to the wide gap between monosyllables and disyllables in 

English.  Polysyllabic words represented 14.9% of the word tokens analyzed in Spanish, 

in contrast to the 0.6% analyzed in English. Coronal consonants made up the majority of 

the consonant place categories produced (64.6%), followed by labials (18.9%) and 

dorsals (9.5%).  Vowel categories were consistent with findings by MacNeilage and 

Davis (1995) with central (38%), front (36%), and back (26%) vowels occurring with 

relatively similar frequencies, preventing one single vowel type from characterizing the 

productions of the participants.  For 5 of the 6 participants, there were a greater number 
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of vowels produced than consonants.  A further description of the data analyzed in 

Spanish is summarized in Table 4. 

 

Table 4. 

Description of Spanish data 

Child Types Tokens Segments, n Syllables, n 
   C V mono- di- poly- 

GO 116 347 628 637 159 135 53 
LL 79 272 521 507 88 156 28 
LV 79 279 437 526 118 104 57 
RM 87 297 440 526 130 112 55 
YT 46 159 281 277 66 71 22 
ZJ 118 324 524 535 107 182 35 

Totals 525 1678 2831 3008 668 760 250 
 

 

INTRASYLLABIC PATTERNS IN THE SPANISH DATA 

 Intrasyllabic CV co-occurrences in Spanish for the individual participants can be 

seen in Table 5.  Results are expressed as ratios of observed frequencies to expected 

frequencies in each converging cell (values above 1.0 are considered to be above-chance 

for a cell) for a χ2 analysis.  Overall frequencies of specific consonant and vowel 

categories were utilized to develop expected frequencies for the analysis.  Eighteen cells 

were predicted based on the FC hypothesis to have values greater than 1.0 and are noted 

in boldface for each participant (i.e. coronal-front, labial-central, and dorsal-back co-

occurrence cells). 

 Of the 17 predicted associations available for analysis, 15 were confirmed.  The 

exceptions included one labial-central and one coronal-front co-occurrence.  Relative to 



27	  

child specific patterns, 5/6 children showed the predicted coronal-front pattern, 4/5 

children who had enough data for χ2 analysis showed the labial-central pattern, and 6/6 

children showed the predicted dorsal back pattern. 

In Spanish, the participants produced the coronal-front co-occurrence with the 

greatest frequency (29%) followed by coronal central co-occurrences (25%), similar to 

English.  Three of the participants produced too few dorsal-front co-occurrences to be 

analyzed.  One of the participants also produced too few dorsal-central co-occurrences, 

while another also produced too few labial-central co-occurrences.  As noted above, this 

lack of opportunities for occurrence of these cells may be based on the narrative sample 

analyzed where there were relatively focused word types related to the story tell retell 

context. 

 There were 32 unpredicted co-occurrence cells available for analysis.  Of 32 

potential associations, 12 exhibited above-chance co-occurrences.  The unpredicted 

patterns occurring at above-chance levels included labial-front (3/12), labial-back (3/12), 

coronal-central (2/12), coronal-back (2/12), and dorsal-central (2/12) co-occurrences.  

The difference between predicted (15/17) and unpredicted (12/32) results was significant 

[χ2, df (4) = 73.65, p < 0.0001].  This result indicates that there were significantly more 

predicted than unpredicted associations confirmed. 

 

 

 

 



28	  

Table 5. 

Ratio of observed to expected occurrence of labial, coronal, and dorsal consonants with 

front, central, and back vowels in Spanish 

  Vowel 
Child Consonant front central back 
GO coronal 1.06 0.87 1.05 

 labial 1.08 1.26 0.56 
 dorsal 0.42 1.45 1.39 

LL coronal 1.10 1.10 0.83 
 labial 0.89 0.76 1.29 
 dorsal - - 2.08 

LV coronal 1.14 0.95 0.79 
 labial 0.63 1.16 1.48 
 dorsal 0.71 1.02 1.57 

RM coronal 1.09 0.97 0.86 
 labial 0.97 1.20 0.68 
 dorsal 0.58 0.85 2.20 

YT coronal 0.93 1.19 0.73 
 labial 1.97 - 1.82 
 dorsal - 0.91 1.44 

ZJ coronal 1.06 0.93 1.02 
 labial 1.14 1.24 0.35 
 dorsal - 0.92 2.62 

 

OVERALL SUMMARY 

Overall, the majority of words produced by the participants comprised of 

monosyllable and disyllable word types.  Words produced in Spanish exhibited higher 

percentages of disyllabic and polysyllabic word types. Central and front vowel categories 

made up the majority of the vowels produced by the participants with back vowels 

occurring at the lowest frequencies.  Across both languages, coronals represented the 

greatest number of consonants, followed by labials, and then dorsals.  Spanish exhibited a 

greater number of productions of coronal consonants (64.6%) compared to English 

(56.5%), while English had a greater number of labials and dorsals. 
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The coronal-front co-occurrence represented the most frequently confirmed 

pattern in both languages, followed by the coronal-central co-occurrence.  Labial-central 

CV co-occurrences were not as strongly confirmed.  In English, it was confirmed in only 

2/6 instances.  In Spanish, only 4/6 children produced enough data for analysis.  Of those 

4, all showed the predicted CV co-occurrences.  Dorsal consonants represented the lowest 

frequencies of CV co-occurrences in both languages with all vowel categories.  In several 

children in both language groups, not enough dorsals were produced to analyze for CV 

co-occurrences in unpredicted cells. 
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CHAPTER SIX: DISCUSSION 

The purpose of the present study was to evaluate the types of CV co-occurrences 

produced by Spanish-English bilingual children.  Assessment procedures for speech 

sound delays and disorders have been developed for this population, but the question 

continues to arise of how to approach intervention in the most effective ways.  

Consideration of the CV patterns present during speech acquisition for bilingual children 

can contribute to planning remediation for bilingual children with speech delays.  The 

patterns present could be accounted for as basic aspects of production system output 

available to young bilingual children and can be incorporated into early intervention 

protocols. 

Findings in the present study relate to proposals of the Frame then Content (FC) 

theory (MacNeilage & Davis, 1990). According to the FC theory, the ‘frame’ is based on 

mandibular oscillation accompanied by phonation that results in perceptually apparent 

syllable-like output from the onset of canonical babbling.  There is little independent 

movement of other articulators during the rhythmic jaw cycles.  This jaw based 

production system effect results in predictions for consonant and vowel qualities within 

and across syllables.  Within syllables, the prediction is that coronals and front vowels, 

labials and central vowels, and dorsals and back vowels will occur at higher than chance 

levels based on this lack of independent movements of other articulators within jaw based 

rhythmic cycles.  The within syllable predictions have been found to be characteristic of 

children in varied language environments during early periods of speech acquisition. 
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Based on previous research, the present study hypothesized similar production of 

predominant CV co-occurrence patterns throughout bilingual children’s English only and 

Spanish only story tell and retell samples.  CV co-occurrence patterns produced by 

bilingual English-Spanish speaking children were also hypothesized to be similar to those 

produced by monolingual English speaking children. Data analysis also included 

considerations of intelligibility to evaluate whether there is an overreliance on the 

predominant CV co-occurrence patterns produced by younger typically developing 

children and bilingual children with low intelligibility due to a lower of vocabulary. 

 

INTRASYLLABIC PATTERNS 

Prediction: Predominant patterns throughout the participants’ Spanish and 

English speech samples will be comprised of labial with central, coronal with 

front, and dorsal with back CV co-occurrences. 

 

Isolated analysis of the frequencies of the CV co-occurrences produced by the 

participants indicated that for most of these bilingual children, the three predicted CV co-

occurrences were confirmed.  In their English productions, 6/6 children, and in their 

Spanish productions, 5/6 children, showed the predicted coronal-front co-occurrences.  

The coronal-front association represented the most frequent co-occurrence in both 

languages (English = 27%, Spanish = 29%), a predominant pattern found in previous 

studies of earlier developmental periods (Davis & MacNeilage, 1995; Davis et al., 2002). 
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Labial-central patterns were less strongly confirmed.  In English, 2/6 children, and 

in Spanish, 4/4 children, showed predicted associations.  These six children are older than 

the children in studies of English and other languages.  They have, accordingly, 

developed more ability to move the tongue for the vocalic portion of the syllable for more 

diverse word forms.  As a result, these children appear to have largely, but not universally 

overcome the labial-central CV co-occurrence where the tongue is not engaged in the 

consonant closure portion of the syllable. It may be that the tongue in this context is able 

to move separately from the jaw cycle in service of coding more diverse word forms. 

Dorsal-back associations were produced by all children who produced enough 

dorsals and back vowels for calculating the χ2.  Consistent with patterns for younger 

children, these children appear to be producing fewer dorsals and back vowels overall, 

thus not allowing the χ2 calculation for all the potential CV co-occurrences.  The seven 

predicted associations without an above-chance occurrence ratio primarily included 

labial-central associations and one coronal-front association. 

Although there was a significant difference between the number of predicted and 

unpredicted CV co-occurrences with predicted occurring more frequently, there were a 

number of unpredicted associations between consonants and vowels within syllables.  

This outcome is in contrast to the findings for younger children, where unpredicted CV 

co-occurrences occurred less frequently.  This outcome could be related to the older age 

of the participants in comparison to younger participants in previous studies of CV co-

occurrences in the first word period (Davis et al., 2002).  A mastery of later acquired 
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sounds could also contribute to the greater variety of co-occurrences produced, resulting 

in less predominance of the CV co-occurrence for the predicted patterns only. 

Previous analyses by MacNeilage and Davis (1993) revealed that two cross-

language studies of language patterns involving dictionaries on computer, involving a set 

of 10 languages (Finnish, Turkish, Latin, Latvian, Setswana, Hawaiian, Rotokas, Piraha, 

Kadazan, and Shipibo), showed evidence for the two CV co-occurrence patterns in which 

the tongue participates in both parts of the effect (coronal-front and dorsal-back), but not 

for the labial-central pattern.  In addition, coronals generally occur more frequently in a 

number of languages.  Davis and MacNeilage (2000) suggest coronal consonants may be 

more frequent because the tongue tip becomes the most resourceful component of the 

speech production mechanism for adults.  These previous analyses support the present 

findings of coronal consonants throughout the English and Spanish samples as well as a 

predominant pattern of coronal-front co-occurrences.  The labial patterns were less 

frequently confirmed in languages, consistent with the findings in this cohort of older 

children who have larger vocabularies and may likely have overcome the labial-central 

constraint found in younger children.  In languages, the dorsal-back vowel finding was 

confirmed, but less strongly than for coronals. 

 

BILINGUAL AND MONOLINGUAL PATTERNS 

Prediction: Predicted output patterns from bilingual English-Spanish speaking 

children are similar to those produced by monolingual English-speaking children. 
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 Output patterns produced by the bilingual Spanish-English participants shared 

similarities and differences with the monolingual English-speaking participants from the 

previous studies conducted (e. g., Davis & MacNeilage, 1995; MacNeilage & Davis, 

2000).  As predicted, the participants produced more multisyllable words in Spanish than 

in English.  This result likely reflects the children’s matching of dominant patterns in 

English and Spanish relative to number of monosyllables and disyllables in those ambient 

languages.  The participants also produced similar vowel types with similar frequencies 

across both languages.  This could be accounted for by the shared vowel categories of 

Spanish and English. 

The bilingual Spanish-English participants in the present study produced a large 

number of coronals, as did monolingual English-speaking participants in previous studies 

(Davis & MacNeilage; 1995; MacNeilage & Davis, 2000).  It should be noted that 

coronal place is the most frequent consonant place in languages studied (Maddieson, 

1984).  The participants in the present study were older than the infant participants used 

in the previous studies.  These older participants have had more exposure to their ambient 

languages to acquire the coronal consonants.  The participants produced more than just 

coronal stops, additionally producing coronal fricatives as well as liquids.  This finding of 

the majority of consonants categorized as coronal sounds was further supported by the 

predominant coronal-front co-occurrence pattern produced by the bilingual participants.  

This is a shared predominant pattern with monolingual English-speaking children as well 

(Davis & MacNeilage; 1995; MacNeilage & Davis, 2000). 
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INTELLIGIBILITY 

Prediction: The types of CV co-occurrence patterns produced by the participants 

with low intelligibility will be similar to participants with high intelligibility. 

However, the frequencies of the patterns are predicted to be different.  The 

children with low intelligibility will produce predominant CV co-occurrence 

patterns with greater frequency, while children with high intelligibility will 

produce a greater variety of CV co-occurrence patterns. 

 

Participants with low intelligibility produced similar CV co-occurrence patterns 

compared to the participants with high intelligibility in both languages.  In English, 5 of 

the 6 participants produced coronal-front and coronal-central co-occurrences the most, 

similar to whole group data.  The sixth participant used mostly coronal-front co-

occurrences, but followed with labial-front co-occurrences and then coronal-central.  In 

Spanish, all 6 participants maintained the highest frequencies of coronal-front and 

coronal-central co-occurrences. 

Support for the prediction of differing frequencies of co-occurrences between the 

two groups was shown with higher totals of co-occurrences produced by the low 

intelligibility group (n = 2,179) compared to the high intelligibility group (n = 2,129).  

Both intelligibility groups produced a variety of CV co-occurrences throughout their 

speech samples.  For both the low and high intelligibility groups, 11/12 predicted co-

occurrence cells showed the highest χ2 values for dorsal-back associations.  The 
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exception included 1 participant that showed the highest χ2 value for coronal-front 

association in English. 

 

GENERAL DISCUSSION 

The results of the present study produced findings in support of predicted 

production patterns during the acquisition of speech according to the frame dominance 

proposal (Davis & MacNeilage, 1990).  According to the FC theory, initial babbling 

sounds and single words produced are alike due to a shared frame dominance pattern of a 

“pure” labial-central frame produced by mandibular oscillation alone, along with the 

“fronted” coronal-front frame and “backed” dorsal-back frame (Davis et al., 2002).  It 

appears with further cognitive development and the addition of a second language, these 

production system based patterns are largely maintained.  In each of the languages, there 

were significantly more predicted than unpredicted patterns confirmed.  Unpredicted 

patterns occurring above chance indicate the more flexibility of tongue independence 

within syllables that would be expected of these chronologically older children. 

 

CONCLUSION 

 The present study focused on intrasyllabic CV co-occurrence patterns in English 

and Spanish and considered two approaches to the acquisition of speech including the FC 

theory as an example of a phonetic/function-based approach.  Findings support the FC 

theory of speech acquisition, with evidence of predicted predominant patterns consistent 

with “pure frames” as well as “fronted frames” and “backed frames” (Davis et al., 2002). 
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The predominant patterns uphold the FC theory proposal that speech acquisition is a 

product of biomechanical properties of observable behavioral output (MacNeilage & 

Davis, 2005; MacNeilage & Davis, 1990). 

 Clinical implications for the findings of the present study relate to performance-

based assessment and intervention for future practices involving bilingual Spanish-

English children.  Data from the present study supports that early intrasyllabic patterns 

produced by children are determined by mandibular oscillation without independent 

tongue movement within syllables.  The capacity of the production system to produce 

different sounds in combination should be the focus of assessment and intervention 

programs developed rather than methods of unfolding an intact knowledge base, as 

suggested by phonological-based theories of speech acquisition. 
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APPENDICES 

Appendix 1: 

Occurrence of labial, coronal, dorsal, and other consonants in English 

Child Labial Coronal Dorsal Other 
GO 134 314 78 13 
LL 106 218 46 17 
LV 132 461 96 52 
RM 83 264 70 27 
YT 84 149 84 15 
ZJ 78 140 38 38 

Totals 617 1546 412 162 
Mean 103 258 69 27 

 

Appendix 2: 

Occurrences of labial, coronal, dorsal, and other consonants in Spanish 

Child Labial Coronal Dorsal Other 
GO 122 422 57 27 
LL 89 384 13 35 
LV 90 270 52 25 
RM 83 235 56 66 
YT 33 189 37 22 
ZJ 118 330 53 23 

Totals 535 1830 268 198 
Mean 89 305 45 33 

 

Appendix 3: 

Occurrences of front, central, and back vowels in English 

Child Front Central Back 
GO 127 115 84 
LL 90 103 73 
LV 163 155 131 
RM 127 75 58 
YT 93 84 60 
ZJ 173 49 69 

Totals 773 581 475 
Mean 129 97 79 



39	  

Appendix 4: 

Occurrences of front, central, and back vowels in Spanish  

Child Front Central Back 
GO 252 236 149 
LL 173 149 185 
LV 196 206 124 
RM 194 209 123 
YT 50 140 87 
ZJ 208 208 119 

Totals 1073 1148 787 
Mean 179 191 131 

 

Appendix 5: 

CV co-occurrences in English 

Child Labial-
Front 

Labial-
Central 

Labial-
Back 

Coronal-
Front 

Coronal-
Central 

Coronal-
Back 

Dorsal-
Front 

Dorsal-
Central 

Dorsal-
Back 

GO 51 32 18 143 75 37 33 3 28 
LL 21 18 35 44 68 16 15 2 15 
LV 46 35 29 131 137 66 30 6 52 
RM 15 34 12 116 57 22 19 0 33 
YT 21 15 40 49 50 14 24 23 24 
ZJ 36 12 21 52 25 25 14 4 13 

Totals 190 146 155 535 412 180 135 38 165 
Percentage 10% 7% 8% 27% 21% 9% 7% 2% 8% 
 

Appendix 6: 

CV co-occurrences in Spanish 

Child Labial-
Front 

Labial-
Central 

Labial-
Back 

Coronal-
Front 

Coronal-
Central 

Coronal-
Back 

Dorsal-
Front 

Dorsal-
Central 

Dorsal-
Back 

GO 38 33 12 154 94 93 9 23 18 
LL 29 21 45 113 95 91 1 4 16 
LV 20 32 23 138 100 47 12 15 13 
RM 31 34 10 131 104 48 13 17 23 
YT 11 2 16 27 90 33 4 18 17 
ZJ 48 48 8 125 101 66 3 13 22 

Totals 177 170 114 688 584 378 42 90 109 
Percentage 8% 7% 5% 29% 25% 16% 2% 4% 5% 
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