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Abstract 

 

The voice onset time (VOT) values of word-initial, singleton, stressed voiced and 

voiceless stop consonants were compared in the productions of monolingual English 

speaking and bilingual Spanish-English speaking children with cochlear implants. The 

study also compared the stop VOT values of the Spanish and English productions in the 

bilingual children with cochlear implants. Target word samples were elicited using line 

drawings from sixteen prelingually deaf children with cochlear implants with an age 

range of 4;6 to 10;11 with length of cochlear implant use ranging from 2;7 to 8;4. The 

participants were separated into two groups: eight monolingual English children and 

eight bilingual Spanish-English children.  

A main effect for voicing and place of articulation was found between the 

monolingual English and bilingual participants’ English productions. A significant two 

way interaction between language and voicing was found in the comparison of the 

bilingual participants’ English and Spanish VOT values. Furthermore, possible evidence 

of deceleration was found in the significantly shorter VOT values of /p/ in the bilingual 

speakers speaking English compared to their monolingual peers, which could be 

attributed to the monolingual English participants’ seemingly long values of /p/. Evidence 

to support a variation of the acceleration hypothesis was found in the similar English 

values of /g/, /t/, and /k/ between the monolingual and bilingual participants with 

significant contrast to the bilingual participants’ Spanish productions. The bilingual 

participants’ English /b/ and /d/ productions were similar to their monolingual peers, with 

no significant contrast between their English and Spanish productions. This could be due 

to the transfer of the rules of English to their Spanish productions of those phonemes. 
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Introduction 

Speech and language development in children with cochlear implants (CI) is 

different from typically developing children with normal hearing in that the auditory 

input and feedback they need to develop language may be limited until they receive their 

cochlear implant. Although there is some research on when children with cochlear 

implants develop their phonological systems compared to their typically developing peers 

(Blamey, Barry, & Jacq, 2001; Chin, 2003; Serry & Blamey, 1999), there is little research 

on how children with cochlear implants use voice onset time (VOT) cues to develop their 

stop consonants. There is also little research comparing the children with cochlear 

implants who are bilingual, or developing two separate phonological systems, to their 

typically developing bilingual peers on VOT. The present study fills a gap in our current 

knowledge by investigating phonological development in bilingual children who use CIs. 

Voice onset time (VOT) is defined as the time interval between the burst of a stop 

consonant and the beginning of voicing of the following sound and has been identified as 

a primary acoustic cue in differentiating between voiced and voiceless stop consonants in 

word-initial singleton position across a number of languages (Lisker & Abramson, 1964). 

VOT, as a measurement of duration, can be divided into three categories: prevoicing 

(lead voicing), short-lag, and long-lag. Stop consonants that are prevoiced or have lead 

voicing have voicing that begins before the stop burst. Prevoiced measures are given a 

negative numeric value since voicing begins before the burst. The time measured after the 

burst and before the beginning of voicing of the following vowel is called lag and can be 

separated into short- and long-lag durations (Lisker & Abramson, 1964). Phonemes are 

considered to fall within the short-lag category if their VOT duration is between 0 and 



2 
 

+20. Phonemes fall within the long-lag category if their VOT duration exceeds +40 msec 

(Kewley-Port & Preston, 1974).  

Differentiating the categories of VOT is important because a contrast between 

voiced and voiceless phonemes may fall within different VOT categories in different 

languages (Lisker & Abramson, 1964). Languages such as English and German have two 

categories: voiced stop consonants, such as /b d g/ that  fall within the short lag range and 

their voiceless stop consonant counterparts, /p t k/ that fall within the long lag range in 

initial, stressed, single-onset position. Other languages that also have voiced and 

voiceless stop categories, such as Spanish, Italian, and French, group their voiced stop 

consonants (/b d g/) within the prevoiced range and their voiceless stop consonants fall 

within the short lag range (/p t k/) (Lisker & Abramson, 1964). The distinction between 

how VOT is contrasted in different languages is important, especially when a person is 

learning more than one language and those languages have different VOT cues for voiced 

and voiceless stops, as is the case with Spanish-English bilinguals (Fabiano-Smith & 

Goldstein, 2010b). 

The conflicting acoustic cues from two different languages can be a problem 

when a bilingual Spanish-English speaking child applies the rules of Spanish to his or her 

English productions, such as using a short-lag duration to produce /p/ (typical of Spanish) 

in the word “perro” (=“dog”). The resulting short-lag duration of /p/ may typically be 

perceived by an English speaker as a /b/ because only voiced stop consonants are 

assigned a short-lag duration in English. Therefore, the child’s production of the English 

word “pat” with a short-lag /p/ would be perceived as “bat” by a monolingual English 

speaker.  
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The current study focuses on the development of the voicing contrast in bilingual 

children with cochlear implants to understand how the development may differ from their 

monolingual peers with cochlear implants. 

Acquisition of VOT in Typically Developing Monolingual Children 

To understand how monolingual and bilingual children with cochlear implants 

may differentiate in their acquisition of VOT as an acoustic cue in their languages, it is 

important to understand how typically developing children develop their voiced and 

voiceless stop consonant contrast. Kewley-Port and Preston (1974) examined how three 

monolingual typically developing English-speaking children developed their /t/ and /d/ 

phoneme contrast. The participants’ vocalizations were recorded at separate intervals 

from the time they were approximately six months of age until they were two years of 

age and compared the values to monolingual English children who were up to four and 

half years of age. Three stages of acquisition where outlined by the authors, first there 

was no categorical differentiation in the VOT of stop consonants, meaning the stop 

consonants did not show consistent durations or contrast. In the second stage, the children 

began to produce alveolar stops (/t/ and /d/) with short-lag category durations only, 

merging the voiced and voiceless stops. In the third stage, the children were producing /d/ 

with adult-like values in the short-lag category with the distribution of /t/ still 

inconsistent. The authors suggest that because both the voiced and voiceless stop 

consonants were placed within the short lag category first during development, the short-

lag duration is easier to produce (Kewley-Port & Preston, 1974).  

Macken and Barton (1980a) conducted a longitudinal study of the speech samples 

of four typically developing English-speaking children from the time they were 
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approximately a year and a half old for eight months (until age 2;2). The researchers 

identified three distinct stages of acquisition of the voiced versus voiceless stop contrast, 

using VOT measurements. In the first stage, the children produced all voiced and 

voiceless stops within the short-lag VOT category, showing no distinction between 

voiced and voiceless stops. In the second stage, the children began to show a contrast 

between their voiced and voiceless stop consonants, but the phonemes still presented with 

short-lag VOT durations. By the end of the study, the children had achieved an adult-like 

voicing contrast between their voiced and voiceless stop consonants at approximately two 

years of age. These results are similar to the stages found by Kewley-Port and Preston 

(1974) in that the short-lag stops were acquired earlier than the long-lag stops.  

Macken and Barton (1980b) extended their research on the acquisition of the 

voicing contrast in typically developing monolingual children to participants who spoke 

Spanish. The researchers found that as typically developing English-speaking children, 

Spanish-speaking children acquired their short-lag stops (/p t k/) first. In contrast to 

English, the Spanish short-lag stops consist of /p t k/ instead of the voiced counterparts 

(/b d g/) that are categorized as short-lag stops in English. However, compared to their 

English-speaking participants the Spanish participants did not achieve a voicing contrast 

by the end of the study at four years of age. Instead, the researchers noted that some of 

the children used spirantization (i.e., substituting a fricative for a stop consonant). The 

use of spirantization was not identified in the adult values in the Lisker and Abramson 

(1964) study. However, this discrepancy could be due to Spanish dialectal variation. 

Lisker and Abramson (1964) collected data from people who spoke a Puerto Rican 
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dialect of Spanish, whereas Macken and Barton’s (1980b) participants spoke a Mexican 

dialect of Spanish.  

Acquisition of VOT in Typically Developing Bilingual Children 

Because children who are bilingual are learning two different language systems, it 

is necessary to understand how their phonological development differs from their 

monolingual peers’. Paradis and Genesee (1996) discussed three hypotheses of the types 

of processes in the case of bilingual language development: transfer, delay, and 

acceleration. Fabiano-Smith and Goldstein (2010b) have since applied these three types 

of acquisition to bilingual phonological development and also changed the term “delay” 

to “deceleration” to avoid the connotation of impairment. Transfer refers to the 

application of the rules of one language to another (Fabiano-Smith & Goldstein, 2010b; 

Paradis & Genesee, 1996). Kehoe, Lleó, and Rakow (2004) followed the acquisition of 

the voicing contrast using VOT measurements of four German-Spanish bilingual children 

between two and three years of age. The researchers found that two of the bilingual 

children acquired an adult-like voicing contrast in German by the end of the study. None 

of the children acquired an adult-like voicing contrast in Spanish, but two of the children 

demonstrated the effects of language transfer. One of the children produced German 

voiced consonants (/b d g/) with lead voicing, an example of applying the rules of 

Spanish to German productions. In contrast, another child who was more exposed to 

German than Spanish and produced his Spanish voiceless consonants (/p t k/) with long-

lag characteristics; an example of applying the rules of German phonology to Spanish 

production (Kehoe, Lleó, & Rakow, 2004). 
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In contrast to transfer, deceleration and acceleration refer to the rate of 

development of a phonological system as a result of the influence of the other (Fabiano-

Smith & Goldstein, 2010b; Paradis & Genesee, 1996). Deceleration pertains to a 

relatively slower rate of acquisition than seen in monolingual peers as a result of the 

interaction of another language in bilingual children. In a study by Fabiano-Smith and 

Bunta (2012), the duration of VOT of /p/ and /k/ were contrasted between monolingual 

English speakers and their bilingual Spanish-English speaking peers. The bilingual 

speakers produced both English productions of /p/ and /k/ in the long-lag category but 

with shorter than normal values compared to their monolingual English-speaking peers. 

In this instance the influence of Spanish may have slowed the acquisition of the voicing 

contrast in English for the bilingual speakers, as evidence of deceleration (Fabiano-Smith 

& Bunta, 2012). Bunta, Procter, and Aghara (2012) also found similar results between 

monolingual English, monolingual Spanish, and bilingual Spanish-English speaking 

children on the acquisition of voiced and voiceless stop consonants. Evidence of 

deceleration was found in the English productions of bilingual speakers on /b/, /p/, and 

/g/. Specifically, /b/ and /p/ were produced with the expected lag ranges: short and long, 

respectively. However the mean durations of both /b/ and /p/ were significantly shorter 

than the values of their monolingual English-speaking peers. Interestingly, the English 

productions of the /g/ phoneme by bilingual speakers were produced with VOT values 

significantly longer than those of their monolingual speakers and outside the short lag 

range. The findings for the exaggerated /g/ phoneme may indicate an effort on the part of 

the bilingual speakers to differentiate the English and Spanish /g/ phonemes in an 

extreme way (Bunta, Procter, & Aghara, 2012).  Similar to the findings by Fabiano-Smith 
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and Bunta (2012), evidence of deceleration was found in the English productions of 

bilingual speakers in stop consonants, specifically /b/, /p/, and /g/, due to the influence of 

Spanish phonological development.  

The last hypothesis of bilingual language interaction is acceleration which is 

defined as the increased rate of acquisition of a phonological structure as a result of the 

interaction between two language systems as compared to the rate of acquisition of the 

same structure in monolingual children (Fabiano-Smith & Goldstein, 2010b; Paradis & 

Genesee, 1996). This hypothesis is similar to the idea of bilingual bootstrapping, in 

which the child borrows features from one language to support development in another 

language (Gawlitzek-Maiwald & Tracy, 1996). In the case of bilingual systems, Lleó, 

Kuchenbrandt, Kehoe, and Trujillo (2003) compared coda acquisition in German-Spanish 

bilingual children to their German and Spanish monolingual peers. A coda, is a consonant 

sound that follows the nucleus in a syllable. For instance in the word “cup” the /p/ is the 

coda. In German, the acquisition of codas occurs earlier and at a faster rate than in 

Spanish (Lleó, Prinz, El Mogharbel, & Maldonado, 1996). The bilingual participants in 

Lleó et al.’s (1996) study displayed evidence of acceleration by a faster rate of coda 

acquisition in Spanish compared to their Spanish speaking monolingual peers.  

Evidence for the hypothesis of acceleration in the case of bilingual phonological 

development is less common than evidence for deceleration (Fabiano-Smith & Barlow, 

2010). However, Fabiano-Smith and Goldsteien (2010b) have postulated a variation to 

the hypothesis of acceleration that allows that the rate of development in bilingual 

children is within range of monolingual development, even though bilingual children are 

learning two language systems. In Fabiano-Smith and Goldsteien’s (2010b) study of 
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bilingual phonological acquisition, bilingual Spanish-English speaking children were 

compared to their monolingual Spanish and English speaking peers on accuracy of 

speech sounds. The authors found evidence of transfer, deceleration, and the variation of 

acceleration (mentioned above) in the speech productions of the participants. Transfer 

was evident in some of the stop productions in English of two bilingual participants, in 

that some word initial /t/ and /k/ productions were unaspirated. The authors also found 

evidence of deceleration in the accuracy of production. Bilingual children speaking 

Spanish had less accuracy on production of the trill, fricatives, and glides compared to 

their monolingual peers. Also, the English productions of the bilingual children were less 

accurate on stops and fricatives than those of their English speaking monolingual peers. 

These same participants demonstrated the proposed variation of acceleration in that their 

phonological skills for other sound classes in both English and Spanish were within 

normal limits compared to monolingual peers. In sum, the authors discuss the probability 

that all three types of phenomena could be occurring in a bilingual child’s phonological 

development including the variation of acceleration that the authors postulated, that 

bilingual phonological development can occur at the same rate as monolinguals (Fabiano-

Smith & Goldstein, 2010b). 

Consonant Acquisition Patterns in Typically Developing Monolingual Children 

To understand what is considered deceleration or acceleration in terms of 

phonological acquisition, the typical acquisition of phonemes in monolingual children 

needs to be discussed. For typically developing English-speaking children, /p/, /b/, and /d/ 

phonemes are expected to be acquired before three years of age, or in the early period of 

phoneme acquisition (Shriberg, 1993). The remaining stop consonants /t/, /k/, and /g/ are 
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generally consistently pronounced by about five and a half years of age, also known as 

the middle period of phoneme development (Shriberg, 1993). Sanders (1972) provided a 

guide to the age ranges of typical phonological acquisition in monolingual children 

between 2-8 years. In his research, 90% of children produced /p/ by 3 years of age, /b/, 

/k/, /g/, and /d/ by 4 years of age and /t/ by 6 years of age. The findings by Sanders (1972) 

correlate closely to Shriberg’s (1993) early middle and late phonemes. 

In contrast to monolingual English phonological acquisition, Fabiano-Smith and 

Goldstein (2010a) investigated the acquisition patterns in monolingual Spanish children 

and outlined a list of early, middle, and late developing phonemes in Spanish. It should 

be noted in the authors’ discussions that the fricative allophones for /b/, /g/, and /d/, 

namely /β/, /ɣ/, and /ð/ were accepted as correct wherever their production was 

appropriate. Unlike in English, /t/ and /k/ seemed to be early acquired phonemes in 

Spanish, while /p/, and the allophonic variations of /b/ and /g/ were middle acquired 

phonemes, with the allophonic variation of /d/ listed as a late acquired phoneme in 

Spanish. However, Jimenez (1987) found in her research on phonological acquisition in 

Spanish-speaking monolingual children that the phonemes /p/, /b/, and /t/ were mastered 

by 3;3 years of age, the phoneme /k/ was mastered by 3;7 years of age, and the phonemes 

/d/ and /g/ were mastered by 4;7 years of age. Similarly to the findings by Fabiano-Smith 

and Goldstein (2010a), the phonemes /p/, /b/, and /t/ were acquired earlier than the 

phoneme /d/. In contrast, there is some controversy between the two studies on the 

acquisition of /g/. 

Because of differences between English and Spanish, there may be instances of 

transfer, deceleration or acceleration in the phonological systems of bilingual children 
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(Fabiano-Smith & Goldstein, 2010a; Fabiano-Smith & Goldstein, 2010b). An example of 

transfer from Spanish to English would be substituting Spanish stops for English ones. 

Evidence of deceleration and acceleration are seen when the phonological development 

of one language hinders or speeds up the development of the phonological system of 

another language (Fabiano-Smith & Goldstein, 2010b; Paradis & Genesee, 1996). For 

instance, /p/ and /b/ are early developing phonemes in English, but in Spanish they are 

middle developing phonemes. If a bilingual child learns the /p/ and /b/ phonemes early in 

both English and Spanish because of the influence of English then the child is 

accelerating the development of those phonemes. However, in the instance of /d/ it is a 

later acquired phoneme in Spanish and if the child does not develop /d/ in English or 

Spanish until later, then the child is decelerating the development of that phoneme 

because of the influence of Spanish. 

Factors Affecting Intelligibility in Children with Cochlear Implants 

Hearing loss in children could delay phonological development due to limited 

access to the speech signal and self-hearing (Blamey, Barry, & Jacq, 2001; Chin, 2003; 

Serry & Blamey, 1999). Because of the growing population of cochlear implant (CI) 

recipients and the different factors that affect their phonological acquisition, it is 

necessary to understand what can be expected in their development and how it compares 

to that of typically developing children with normal hearing. Some factors that may 

influence a child with a CI’s phonological development include age of implantation, or 

how early the child received his or her CI, and the communication mode used after 

implantation, or how the child communicates in his or her environment, length of device 

use, and other factors. 



11 
 

One important factor to consider with children with cochlear implants is the age at 

which they receive their implant(s). A child who is considered prelingually deaf has 

acquired deafness (through illness or injury) or congenital deafness before learning 

language. The age at which a child with significant hearing loss receives their cochlear 

implant may affect the intelligibility of their speech production. Ertmer (2007) 

investigated the intelligibility of children who received cochlear implants before three 

years of age and after three years of use and compared the results to typically developing 

children as well as CI users who received their implant after three years of age. The 

researcher found that after three years of CI use, children increase their intelligibility to a 

level resembling that of three to four year old typically developing children. Furthermore, 

CI users who received their implants before three years had higher rates of intelligibility 

compared to CI users who received their implant between three and five years of age. 

Communication mode has also been found to be an important factor in 

intelligibility and phonological acquisition (Miyamoto, Kirk, Svirsky, & Sehgal, 1999). 

Similarly to Ertmer (2007), Miyamoto et al. (1999) divided 33 participants into three 

groups by age of implantation: before three years, between three and four years, and after 

five years. The authors also subdivided participants into two groups by treatment type. 

The two treatments that were investigated in the study were oral communication and total 

communication. Oral communication promotes communication only through the means 

of speech, whereas total communication promotes communication through the means of 

speech and/or sign. The authors’ findings support the results by Ertmer (2007) in that 

children who received cochlear implants before three years had significantly higher rates 

of intelligibility and word recognition than children who were implanted later. 
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Furthermore, the researchers noted that children who used oral communication had 

significantly higher rates of intelligibility, word recognition, and expressive language 

than children who used total communication. 

Phonological Acquisition Patterns in Children with Cochlear Implants 

 The two factors of implantation age and communication mode can also affect how 

and when a CI user acquires their phonological system. However, despite those factors, 

CI users may still display differences in their phonological acquisition compared to their 

typically developing peers with normal hearing (Blamey, Barry, & Jacq, 2001; Chin, 

2003; Serry & Blamey, 1999). Because of the difference in the type of audio input, there 

may be a difference in the order of acquisition of a CI user’s phonological system 

compared to typically developing children with normal hearing. A difference in the 

acquisition of stop consonants could lead to a difference in acquisition of voice onset 

time (VOT) as an acoustic cue as well. 

Serry and Blamey (1999) recorded the speech samples of nine monolingual 

Australian English children with cochlear implants, five years of age or younger, to track 

the development of their phonological systems. It should be noted that eight of the nine 

children received a cochlear implant at or after three years of age and three of the nine 

participants used total communication while the remaining six used oral communication. 

However, these factors were not investigated in the results of the study. The researchers 

used two types of criteria to analyze acquisition of phonemes: targetless and targeted. The 

“targetless” criterion was met if five of the children were using the phoneme in any 

context. The “target” criterion was met when five of the children produced the phoneme 

with at least 50% accuracy in recognizable words. This criterion was used to give an 
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estimate of the age of emergence and mastery of a sound by a majority of the 

participants. The researchers followed the participants from one to four years post-

implantation and found that children with cochlear implants develop their phonological 

systems in a way similar to that of typically developing children with normal hearing. 

However, phonemes that generally had strong visual cues seemed to develop earlier in 

this population than in children with typical speech, language, and hearing. Phonemes 

that did not meet the “target” criterion by five or more participants at the end of the study 

were /ɔɪ, t, k, ŋ, ʤ, ʧ, g, s, z, ð/. 

In a follow up study of the participants above, Blamey, Barry, and Jacq (2001) 

reassessed the original nine children to determine if the participants had met the “target” 

criterion for the ten phonemes listed above at five to six years post-implantation. The 

authors found that five of the ten phonemes, /ɔɪ, t, ʧ, s, z/, had not reached the “target” 

criterion in at least five of the nine participants. The authors explained the results 

claiming that sounds that did not reach the “target” criterion, had low frequency of use (in 

the case of /ɔɪ/), had an alveolar placement and high acoustic frequency which affected 

the remaining consonants. For the purposes of the present study, it is important to note 

the above finding of the slow acquisition of /t/. If /t/ is acquired slower in CI users than in 

children with typical speech, language, and hearing then the CI users may not be using 

VOT as an acoustic cue effectively. 

Chin (2003) analyzed the phonetic inventories of 12 American English children 

between the ages of 6 and 17 years with cochlear implants who were at least five years 

post-implantation. Participants were further differentiated based on mode of 

communication, whether oral communication or total communication. The author found 
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that productions of /k, g, ʤ, ʧ, ŋ/ were absent from some of the participants’ samples and 

instead, they had replaced these phonemes with a mix of substitutions including some 

non-English ones. Substitutions included dentalization, partial voicing, devoicing, and 

lateralization, as well as uvular and glottal productions to name a few. Furthermore, oral 

communication users tended to show more productions of American English phonemes 

versus total communication users who used more non-English substitutions in their 

speech productions. 

Comparatively, Serry and Blamey (1999) and Chin (2003) found at four years and 

five years post implantation, respectively, that the velar stops /k/ and /g/ were not 

mastered or were missing from the phonemic inventories of the participants. In addition, 

Serry and Blamey (1999) and later Blamey, Barry, and Jacq (2001) found /t/ to have not 

met their “target” criterion by five to six years post implantation. The late acquisition of 

/k, g/ and /t/ in cochlear implant users could affect the acquisition of VOT as an acoustic 

cue for those phonemes. 

Acquisition of VOT in Cochlear Implant Recipients 

Monolingual children with hearing loss may experience difficulty contrasting 

voiced and voiceless stop consonants even without the effects of bilingualism. In a study 

of postlingually deaf adults, Lane, Wozniak, and Perkell (1994) measured the length of 

stop consonants before and after implantation in adults with postlingual hearing loss. The 

researchers found that before implantation, the participants had very little contrast 

between their voiced and voiceless consonants due to their hearing loss. However, post-

implantation, the participants began to differentiate their voiced and voiceless stop 
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consonants. These results emphasize the necessity of self-hearing to regulate the use of a 

voicing contrast (Lane, Wozniak, & Perkell, 1994).  

Bharadwaj and Graves (2008) analyzed the VOT durations of /t/ and /d/ produced 

by ten monolingual prelingually deaf English CI users between the ages of 7 and 16 

years. Five of the ten participants (S3, S4, S7, S8, and S9) produced mean VOT values 

outside the normal ranges for /t/ or /d/ compared to age matched typically developing 

peers with normal hearing. Specifically, participants S3 and S7 had longer than average 

mean VOT values for /t/ while participant S4 had longer than average VOT values for /d/. 

Participant S8 had longer than average values for /t/ with her VOT durations for /d/ 

falling within the long lag range instead of the short lag range. Interestingly, participant 

S9 demonstrated prevoicing values for /d/ as well as longer than average values for /t/. 

Four of the ten participants, S4, S5, S6, and S8 were judged as producing voicing errors 

by phonetic transcribers due to inconsistent contrasting of /d/ and /t/.  

 Uchanski and Geers (2003) did not find such varying results in their study of 181 

eight and nine year old monolingual English-speaking children with cochlear implants. 

The participants in the study consisted of 89 children with CIs in total communication 

(TC) classrooms and 92 children with CIs in oral communication (Oral) classrooms. The 

181 participants with CIs were compared to their monolingual peers on acoustic measures 

of VOT of /t/ and /d/, second formant frequency of /i/ and /ɔ/, spectral moments of /s/ and 

/ʃ/, nasal manner metric, and durations of vowels, words, and sentences. The authors 

found that 62% of TC participants and 85% of Oral participants produced /t/ with average 

VOT durations within normal limits. The average VOT durations of /d/ were within 

normal limits for 79% of TC participants and 88% of Oral participants. In this study, 
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significantly more participants in the Oral program had VOT acoustic measures that 

resembled their typically developing peers compared to participants in the TC program. 

 To date, very little research has been conducted on the phonological development 

of monolingual Spanish speaking children with cochlear implants (Moore, Prath, & 

Arietta, 2006) and on how they develop the VOT contrast. However, there are data 

available from languages similar to Spanish in terms of VOT. Croatian, like Spanish, uses 

prevoiced VOT durations for voiced stops and short-lag durations for voiceless stops 

(Smiljanic & Bradlow, 2008). Horga and Liker (2006) compared the samples of acoustic 

measures, including VOT, of ten monolingual Croatian children with cochlear implants 

to age matched peers with hearing aids and children who were typically developing with 

normal hearing. Only /t/ and /d/ were analyzed for VOT measurements. The authors 

found that the groups of children with cochlear implants and those with hearing aids did 

not contrast the VOT values of /t/ and /d/. Although the VOT durations were not 

significantly different between the two hearing impaired groups, the authors report that 

pronunciation and voice quality of the cochlear implant users were perceived as better 

than those of the children who used hearing aids. Prevoiced measures were not discussed 

by the authors. The participants with cochlear implants in the study by Horga and Liker 

(2006) received their implantation between 3 and 12 years of age with age at start of 

rehabilitation reported anywhere from 2 to 7 years. It is likely this large range of 

implantation age and the late age of treatment may have affected the results of this study.  

Summary 

Current research on the acquisition of VOT suggests that factors such as self-

monitoring, age of implantation, and communication mode affect the development of the 
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VOT contrast in children with cochlear implants.  Lane, Wozniak, and Perkell (1994) 

reported on the importance of self-hearing in the acquisition of VOT in post-lingually 

deaf adults. For children with cochlear implants who are prelingually deaf, implantation 

before the age of three years can improve intelligibility and affect the speed of their 

phonological development (Ertmer, 2007; Miyamoto et al., 1999). Furthermore, the use 

of oral communication can significantly improve intelligibility, phonological acquisition, 

and VOT acquisition (Chin, 2003; Miyamoto et al., 1999; Uchanski & Geers, 2003). 

However, children with cochlear implants can acquire a voicing contrast within the 

normal range, as described by Uchanski and Geers (2003). Comparatively, other studies 

have reported relatively high percentages of monolingual children with cochlear implants 

who had not yet acquired a voicing contrast (Bharadwaj & Graves, 2008; Horga & Liker, 

2006). Currently, the research on the development of a voicing contrast in monolingual 

children with cochlear implants has led to varying results providing a need for further 

research in the field.  

The effects of bilingualism in children with cochlear implants on VOT acquisition 

has yet to be determined. However, evidence from typically developing children suggests 

the possibility of finding instances of transfer, deceleration, or acceleration (Fabiano-

Smith & Goldstein, 2010; Paradis & Genesee, 1996) in bilingual CI users’ productions. 

Specifically, although evidence of transfer (Kehoe, Lleó, & Rakow, 2004) and 

deceleration (Fabiano-Smith & Bunta, 2012; Bunta, Procter, & Aghara, 2012) may exist, 

there is a possibility of a variation of the acceleration hypothesis in which bilingual 

children acquire both phonological systems within range of their monolingual peers 

(Fabiano-Smith & Goldstein, 2010). 
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While some studies have reported on the acquisition of a voicing contrast in the 

phonemes /t/ and /d/, few have reported on the use of VOT as an acoustic cue for all stop 

consonants /p, b, t, d, k, g/ in the speech samples of children with cochlear implants. 

Because of the growing population of cochlear implant users and the growing population 

of bilingual cochlear implant users, it is important to define how a CI user develops a 

contrast between their voiced and voiceless stop consonants.  

Research Questions and Hypotheses 

Based on the literature, I propose two questions to be answered by this research. 

First, do monolingual and bilingual children with cochlear implants develop a voicing 

contrast based on VOT as an acoustic cue? Without the availability of self-hearing early 

on in development, persons with severe to profound hearing loss may not maintain a 

contrast between voiced and voiceless stop consonants (Ertmer, 2007; Lane, Wozniak, & 

Perkell, 1994). However, children with cochlear implants can produce a VOT contrast 

(Bharadwaj & Graves, 2008; Uchanski & Geers, 2003). I expect to find that monolingual 

and bilingual children with cochlear implants will use VOT as an acoustic cue for 

differentiating their voiced and voiceless stop consonants. 

 Secondly, is there evidence of interaction between the values of VOT in the 

English and Spanish productions of bilingual children with cochlear implants? Little 

research has been conducted on the effects of bilingual language development on the 

voicing contrast in children with cochlear implants. However, evidence from typically 

developing bilingual children suggests that interactions such as transfer, deceleration, and 

acceleration can occur during the development of bilingual language systems (Fabiano-

Smith & Bunta, 2012; Kehoe, Lleó, & Rakow, 2004; Bunta, Procter, & Aghara; 2012) 
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but that bilingual children can still develop within range of their monolingual peers 

(Fabiano-Smith & Goldstein, 2010). Based on existing research, I anticipate that there 

will be evidence of interaction (such as transfer, deceleration, and/or acceleration) in the 

bilingual CI users’ Spanish and English languages in their production of stop consonants. 

Method 

Participants 

Sixteen four-to eleven-year old children with cochlear implants participated in the 

present study. Participants were divided into two groups (see Table 1): monolingual 

English (ME) and bilingual Spanish-English (BSE). Eight ME (mean age=7;4; range 4;6-

10;11) and eight BSE (mean age=6;9; range 4;10-9;4) participated.  Participants were 

recruited from the Center for Hearing and Speech (CHS) in Houston, TX. The parents of 

the participants were given a language background questionnaire to determine 

information on language development history, language environment, history of hearing 

loss, and history of implantation. The children also gave assent prior to participating in 

the study. 

The cochlear implants of all participants were checked for battery life and 

functioning prior to participation. All participants were required to imitate the Ling 6 

sounds /a/, /i/, /u/, /ʃ/, /s/, and /m/ prior to the beginning of the study to check for hearing 

capabilities within the range of speech (Ling, 2002). Only participants whose cochlear 

implants had been checked prior to the start of the study participated in the study. 

Division of participants into their language groups was completed based on 

information provided in the parental questionnaire. Participants who spoke English and 
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were functionally monolingual were placed in the ME group if less than 20% exposure to 

Spanish was reported and they had no functional knowledge or ability in another spoken 

language. Participants in the BSE group had to have more than 20% exposure of both 

languages in their environment. All of the bilingual participants were able to 

communicate in both languages. 

The average age of earliest implantation for the ME group was 2;2 years (range 

1;1-3;10) and for the BSE group was 2;1 years (range 1;0-5;3). A majority of 

participants, with the exception of five participants, received their first cochlear implant 

before three years of age. Of the four participants whose implant was received after three 

years of age, four participants received their implant before four years of age, with one 

participant B_12_001 who received his implant before six years of age. 

Most participants had received or were receiving Auditory Verbal therapy which 

utilizes oral communication as the only mode of communication. Participants received 

speech services either through the Center for Hearing and Speech, a private clinic, or 

through the public school system. It should be noted that participant B_12_006 had 

utilized a total communication approach for approximately six months after implantation 

before adopting an oral communication approach. The parents of participants M_11_020 

and M_11_028 also reported some communicative ability using sign. 
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Table 1 

Participant Background Information 

Participant Code Gender Age CI Type 

Age at 

Earliest 

Implantation 

Monolingual Participants 

M_11_003 M 4;6 Med EL Opus 2 1;1 

M_11_019 M 7;0 Med EL Opus 2 1;7 

M_11_020 F 7;6 Advanced Bionics Harmony 3;10 

M_11_022 F 6;8 
Med El Pulsar and 

Med El Sonata 
2;3 

M_11_024 F 8;5 Med EL Opus 2 3;5 

M_11_028 F 9;6 Nucleus Freedom 1;7 

M_12_018 M 10;11 Med El Opus 2 3;7 

M_12_031 F 5;0 Nucleus 5 2;3 

Bilingual Participants 

B_11_004 F 4;10 Nucleus 5 1;6 

B_11_015 F 5;4 Nucleus 5 1;3 

B_11_030 M 8;9 Med El Opus 2;1 

B_12_001 M 9;8 
Nucleus Freedom and 

Nucleus 5 
5;3 

B_12_004 M 5;10 Nucleus 5 3;3 

B_12_006 M 6;3 Nucleus 5 1;1 

B_12_027 M 9;4 Nucleus Freedom 1;0 

B_12_040 F 5;7 Nucleus Freedom 1;1 

Materials 

The VOT of voiced (/b d g/) and voiceless (/p t k/) stops were targeted in word 

initial, singleton, and stressed position in at least two target words in English and, for 

bilingual participants, at least two in Spanish (see details under Measurements for VOT). 

Black and white line drawings were used to elicit a list of target words with target 

phonemes through a naming task (described in more detail under Picture naming task). 

The children’s productions were audio recorded digitally at 44 kHz and 16 bits onto a 

laptop computer with an Echo Indigo IO external sound card or using a Marantz PMD 

661 Professional Field recorder equipped with a Sennheiser EW300 G2 wireless lavalier 
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microphone system. The microphone was positioned approximately eight inches from the 

participants’ mouths to ensure consistency and readability. 

Picture naming task 

Black and white line drawings were used to elicit both English and Spanish single 

words. The drawings were appropriate for young children in the age range being tested 

and did not demonstrate cultural bias. The elicitation for the present study was part of a 

larger experiment whose goal is to investigate phonological development in bilingual and 

monolingual children who use listening devices. The vocabulary was determined to be 

common, effective, and appropriate for the age range being tested (Bunta, DiLuca, & 

Branum-Martin, 2011). First, each child was asked to independently name each picture 

presented to them after a prompt such as “What is this?” If the object or picture was not 

identified based on the first level of prompting, the child was given a description of the 

object such as “This is an animal that goes ‘woof’.” If the target word is still not elicited 

then the child is given a sentence to complete such as “A Dalmatian is a type of ______.” 

Finally, delayed imitation was used to elicit the target word with a phrase such as “This is 

a dog. What is it?” 

Procedure 

Before collecting the data, parental consent and the child’s verbal assent were 

obtained. Monolingual children were asked to provide their language sample during the 

course of one session lasting approximately 20 minutes. Bilingual children were assessed 

during two separate sessions, lasting 40 minutes in total, in which only one language was 

targeted per session. A different investigator was required for each session with the 

bilingual participants to minimize code-switching and code mixing. The experimenters 
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were proficient in the languages they tested and were knowledgeable of appropriate ways 

to interact with children from culturally and linguistically diverse backgrounds.  

Measurements of VOT 

The VOT of /p t k/ and /b d g/ were measured on the selection of samples that had 

the targeted phonemes in initial, singleton, stressed position of words elicited during the 

picture naming task. All of the analyzed target words were either monosyllabic or 

bisyllabic to limit the effects of word length. VOT duration was analyzed by measuring 

the time between the beginning of the burst and the onset of voicing for the following 

vowel, as described by Lisker and Abramson (1964). Lead or prevoicing measurements 

were analyzed with a negative value by measuring the duration of voicing occurring 

before the burst where prevoicing was not due to a preceding sound. All measurements 

were conducted using the program Wavesurfer with the following parameters: bandwidth 

of 350 Hz, pre-emphasis factor at 0.8, and frequency range from 0-5000Hz.  

Reliability 

The primary investigator analyzed all relevant VOT measurements. Twenty-five 

percent of the data were also verified by the supervising professor for inter-rater 

agreement. Inter-rater agreement was 96.3% with an error window of 10 milliseconds, 

which is considered an acceptable level of disagreement according to Peterson and 

Lehiste (1960).  
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Results 

Monolingual English versus Bilingual English 

The English VOTs for initial stop consonants of the monolingual English-

speaking participants and the bilingual Spanish-English speaking participants were 

compared on the basis of the average of at least two productions of initial, stressed stops 

in at least two unique words in order to obtain a more reliable estimate of overall VOT 

production per phoneme and minimize potential token-based biases. The words selected 

for analyses were: “pants”, “penguin”, “bat”, “bed”, “book”, “table”, “tongue”, “doctor”, 

“dog”, “duck”, “car”, “carrot”, “girl”, and “goat”.  

In order to test the hypotheses, a mixed ANOVA was used with language status 

(monolingual or bilingual) as the between-subjects factor and stop voicing (voiced versus 

voiceless) and stop place (labial, alveolar, and velar) as within-subjects factors. The 

dependent variable was the VOT measurement of the initial, stressed, singleton stop 

consonant.  

According to the first hypothesis, monolingual and bilingual children with 

cochlear implants would use VOT as an acoustic cue for differentiating their voiced and 

voiceless stop consonants. The results provide support for the first hypothesis. There was 

a significant main effect of voicing (F (1, 14) = 94.65 at p = 0.00 with a partial η² = 0.871 

and an observed power of 1.0) and place of articulation (F (2, 28) = 7.36 at p = 0.003 

with a partial η² = 0.344 and an observed power of 0.912). However, the main effect for 

group status (monolingual versus bilingual) was not statistically significant (F (1, 14) = 

1.49 at p = 0.24 with a partial η² = 0.096 and an observed power of 0.207). Furthermore, 

none of the interactions among the main effects were statistically significant.  



25 
 

Considering the specific individual phoneme-based comparisons, the only 

significant phoneme difference for the English VOT of monolinguals and bilinguals was 

with respect to /p/ (F (1,14) = 4.84 at p = 0.045). None of the other phoneme-based 

contrasts were significant when comparing the English VOT values of monolingual 

English-speaking and bilingual children who use CIs. Figure 1 below illustrates the mean 

differences between the VOT values of the monolingual English speaking CI users and 

their bilingual CI users who spoke English. 

 

Figure 1. Monolingual English and bilingual English mean VOT values. 

Bilingual English versus Bilingual Spanish 

The English and Spanish VOT values were compared across the two languages so 

as to evaluate whether the initial voiced and voiceless stops are differentiated in the 

productions of the same bilingual participants. As in the case of the monolingual English 

versus bilingual English contrasts, VOT measurements were based on multiple 
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occurrences in different words so as to gain a good estimate of overall VOT production 

per phoneme while limiting potential individual word-based biases. As in the previous 

comparisons of monolingual English to bilingual English speakers, the English words 

selected for analyses were: “pants”, “penguin”, “bat”, “bed”, “book”, “table”, “tongue”, 

“doctor”, “dog”, “duck”, “car”, “carrot”, “girl”, and “goat”. The Spanish words whose 

VOTs were analyzed were: “pan” (= bread), “pato” (= duck), “perro” (= dog), “baño” (= 

bathroom), “boca” (= mouth), “bota” (= boot), “barba” (= beard), “taza” (= cup), “tigre” 

(= tiger), “dedo” (= finger), “diente” (= tooth), “caja” (= box), “cama” (= bed), “casa” (= 

house), “queso” (= cheese), “gato” (= cat), and “gorra” (= cap). 

According to the second hypothesis, evidence of interaction was expected to be 

found in the Spanish and English VOT values for voiced and voiceless stops in the 

productions of bilingual CI users. In comparing the English and Spanish productions of 

the bilingual participants, a three-factor within-subjects ANOVA was used with three 

independent variables: 1. voicing: voiced versus voiceless, 2. place of articulation: labial, 

alveolar/dental, and velar, and 3. language: English versus Spanish. VOT of the initial 

singleton stressed stops was the dependent variable. The results revealed a significant 

main effect for voicing (F (1, 4) = 70.927 at p = 0.001 with a partial η² = 0.947 and an 

observed power of 1.0), a significant main effect for place (F (2, 8) = 7.899 at p = 0.013 

with a partial η² = 0.664 and an observed power of 0.838), and a significant main effect 

for language (English versus Spanish; F (1, 4) = 94.65 at p = 0.004 with a partial η² = 

0.897 and an observed power of 0.989). As for interactions, only the two-way one 

between voicing and language was statistically significant (F (1, 4) = 92.25 at p = 0.001 
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with a partial η² = 0.958 and an observed power of 1.0), indicating that vocing 

differentiation depended on language.  

Paired samples tests were also completed to contrast the bilingual English 

phonemes to the bilingual Spanish phoneme productions. Observed significant 

differences for /p/ (t (7) = 5.277 at p = .001), /t/ (t (7) = 3.863 at p = .006), and /k/ (t (7) = 

6.389 at p = .000) were found, such that the bilingual English productions were 

significantly longer than the Spanish productions. A significant difference was also found 

for /g/ (t (5) = 3.048 at p = .028) in that the English productions were longer than the 

Spanish productions of the bilingual participants, lending some support to the second 

hypothesis that there would be an interaction between English and Spanish in the 

productions of bilingual children with cochlear implants. Figure 2 below illustrates the 

differences in mean VOT values for the six stop consonants in the productions of 

bilingual CI users’ English and Spanish. 
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Figure 2. Bilingual English and Spanish mean VOT values. 

Discussion 

Monolingual English versus Bilingual English 

 To reiterate the results, a significant main effect was found for voicing and place 

of articulation in the English productions of the monolingual and bilingual groups, but 

not for monolingual versus bilingual status. None of the interactions were statistically 

significant. Together, these results suggest that both the monolingual English-speaking 

and the bilingual Spanish-English children who participated in this study displayed 

voicing and place contrasts among their stop consonants based on VOT. Moreover, the 

performance of the bilingual participants was commensurate with those of their 

monolingual English-speaking peers with CIs. That is to say, the bilingual children with 

CIs matched the overall performance of their monolingual English-speaking peers who 

also use CIs when it comes to stop VOT production. These results are similar to those 
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found by Bharadwaj and Graves (2008), who also reported a main effect in the contrast of 

mean VOT values of /t/ and /d/ in eight out of ten monolingual English speaking children 

with cochlear implants.  

Analyses were also completed comparing the mean VOT values by phoneme 

between the monolingual English and bilingual English productions of children with 

cochlear implants. The only statistically significant difference on a phoneme-by-phoneme 

basis found was between the monolingual English and bilingual English productions of 

/p/. The productions of /p/ by both groups were in the expected long-lag range (using 

parameters set by Kewley-Port & Preston, 1974), but the monolingual English 

productions were significantly longer the bilingual English productions. Interestingly, 

these results have been found in studies with typically developing bilingual participants. 

Fabiano-Smith and Bunta (2009) also found that productions of /p/ by monolingual 

English speaking children were significantly longer than productions by bilingual 

children speaking English. The authors also found a large effect size for /k/, but similar 

results were not found in the current study. Bunta, Procter, and Aghara (2012) also found 

significantly longer mean VOT values of /p/ in the English productions of typically 

developing monolingual English children compared to their bilingual Spanish-English 

peers. A significant difference was also observed in the English productions of /b/ and 

/g/, but similar results were not obtained in the current study. 

The significant difference between the monolingual and bilingual English 

productions of /p/ could be an example of interaction between the Spanish and English 

language in the bilingual child’s phonological systems. Although the bilingual English 

productions of /p/ were within the expected long-lag range category, the mean VOT 
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values were significantly shorter than the productions by monolingual English speakers 

because of the influence of the short-lag Spanish categorization. This would be an 

example of deceleration (as redefined by Fabiano-Smith & Goldstein, 2010b), or a slower 

rate of acquisition of the English /p/ phoneme in bilingual speakers. However, as will be 

discussed later, the mean VOT values of the monolingual English group seemed 

unusually higher than their productions of /t/ and /k/ which could have influenced the 

significant difference between the monolingual and bilingual English productions.  

Bilingual English versus Bilingual Spanish 

The VOT values of the English and Spanish productions of the bilingual 

participants were compared on the factors of voicing, place of articulation, and language. 

Similarly, to the results of the monolingual English and bilingual English comparisons, 

there was a significant main effect of voicing, place of articulation, and language. 

Furthermore, there was a significant two-way interaction between voicing and language, 

indicating that VOT depended on language so that the English VOT differences for 

voiced and voiceless stops differed from Spanish voicing contrasts for analogous stops. 

The comparisons across phonemes revealed support for the language and voicing 

interaction. The bilingual English productions of the voiceless consonants /p t k/ were 

significantly longer than the bilingual Spanish productions. This indicates that the 

bilingual participants are effectively contrasting their Spanish and English productions of 

/p t k/. As stated earlier, a difference was found between the bilingual English and 

monolingual English productions on /p/, meaning that although the bilingual children 

contrasted their English and Spanish productions of /p/, their English productions did not 

resemble the monolingual English productions.  These results for /p/ could provide 
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evidence for the hypothesis of deceleration (as defined by Fabiano-Smith & Goldstein, 

2010b), in that the rate of acquisition of the English /p/ in bilingual children is slower due 

to influence of Spanish compared to the development of /p/ in monolingual English 

speakers with cochlear implants. 

In contrast, the bilingual children maintained a contrast between their English and 

Spanish productions of /t/ and /k/, and their English productions of /t/ and /k/ were similar 

to the monolingual English values. The findings of these phonemes provide evidence for 

Fabiano-Smith and Goldstein’s (2010b) variation to the hypothesis of acceleration. The 

proposed variation to the hypothesis of acceleration allows that bilingual children can 

develop their language systems at a rate similar to their monolingual peers, even though 

they are acquiring two language systems (Fabiano-Smith & Goldstein, 2010b). In other 

words, the bilingual English productions of the phonemes /t/ and /k/ were produced 

within range of their monolingual peers and they were significantly contrasted from the 

bilingual Spanish /t/ and /k/ productions, indicating a separation of their language 

systems.   

Interestingly, of the voiced stop consonants /b d g/, only the productions of /g/ 

were significantly contrasted between the English and Spanish productions of the 

bilingual participants with cochlear implants. The bilingual English productions of /g/ 

were significantly longer than the Spanish productions. As with the productions of /t/ and 

/k/, the bilingual participants had VOT values of /g/ similar to their monolingual peers, 

indicating a development of the English /g/ within range of their monolingual peers while 

still maintaining a separation from the Spanish productions of /g/. The results for /g/ may 
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provide further support for the variation to the hypothesis of acceleration as proposed by 

Fabiano-Smith and Goldstein (2010b). 

In the case of the voiced stop consonants /b/ and /d/, the bilingual children did not 

significantly contrast their English and Spanish productions. There was also no 

significant contrast between the bilingual English and the monolingual English 

productions of /b/ and /d/. In other words, the bilingual children’s productions of /b/ and 

/d/ were within range of their monolingual peers, but they were not significantly different 

from their Spanish productions. These results could provide support for the hypothesis of 

transfer (as defined by Paradis & Genessee, 1996), in that the bilingual children are 

producing their Spanish /b/ and /d/ stop consonants with values more similar to English. 

Thus, they are applying the rules of their English stop consonants to their Spanish.  

Another factor that provides evidence for the possibility of transfer is that there 

were few prevoicing samples in the Spanish productions of the bilingual participants (to 

be discussed in more detail in the section on Prevoicing). Kehoe, Lleó, and Rakow (2004) 

found evidence of transfer in two of their bilingual German-Spanish speaking 

participants. In one participant particularly, the Spanish productions of the voiceless 

consonants /p t k/ were produced with long-lag voicing, as is typical of German 

productions. The authors noted that this participant had been reported as being exposed to 

more German than Spanish which may have explained his transfer of the rules of German 

to Spanish productions. In the present study, at least half of the bilingual participants 

were within the school aged range, which, as mentioned before, could indicate an 

increased exposure to English due to the prominence of English in the public education 

system in the United States. The increased exposure to English could account for the 
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bilingual participants’ application of the rules of English to their Spanish productions of 

/b/ and /d/. 

VOT Categorization 

The categorization of the mean VOT values for the monolingual English and 

bilingual Spanish-English speaking children with cochlear implants was observed. The 

results from the monolingual English participants demonstrate that the voiced /b/ and /d/ 

mean VOT values fell within the short-lag category (using parameters set by Kewley-Port 

& Preston, 1974) and did not exceed 20 msec, such that /b/=12 msec, /d/=15 msec. 

However, the mean VOT values for /g/ did exceed the short-lag range category at 23 

msec, but fell closer to the short-lag category than the long-lag category. Although the 

mean VOT values for /g/ did exceed the short-lag range category, it should be noted that 

a contrast was still established between /g/ and its voiceless counterpart, /k/. In other 

words, although the mean values for /g/ exceeded the short-lag range, they were still 

shorter than the mean values of /k/.  

The voiceless /p t k/ values for the monolingual participants were well within the 

expected long-lag range category, such that they exceeded 40 msec (using parameters set 

by Lisker and Abramson, 1964). However, the mean values for /p/ were unusual in that 

they exceeded the mean values for /t/ and /k/, such that /p/=92 msec, /t/=81 msec, /k/=92 

msec. This difference could be due to an increased number of outliers in the small sample 

size or it could be that the monolingual children with cochlear implants were using an 

extreme contrast of /p/ versus /b/. 

The bilingual participants’ English mean VOT values for the voiced stop 

productions were similar to their monolingual peers’ in that both /b/ and /d/ fell within 
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the short-lag range, while /g/ fell outside the short lag range at 32 msec. Unlike the 

monolingual English participants, the mean VOT values for /g/ produced by the bilingual 

participants speaking English were closer to the long-lag range category than to the short-

lag range category. However, as their monolingual peers, the bilingual participants 

maintained a contrast between their productions of /g/ and /k/. The mean VOT values of 

the bilingual participants’ English productions of the voiceless stops /p t k/ were within 

the expected long-lag range (as found by Lisker & Abramson, 1964).  

The mean VOT productions of the bilingual participants’ Spanish samples were 

within the expected short-lag range with the exception of /t/ and /k/, such that /t/=23 msec 

and /k/=30 msec. However, both productions of /t/ and /k/ were closer to the short-lag 

range than to the long-lag range. The longer values of /t/ and /k/ could also be an attempt 

at maintaining a contrast between the bilingual participants’ Spanish productions of the 

voiced /d/ and /g/ phonemes.  

Prevoicing 

Although prevoicing was recorded when present for all participant samples, there 

were not enough tokens to analyze for comparison of percentages across groups. It should 

be noted that prevoicing was recorded in all groups including the monolingual English 

participants. However, prevoicing in monolingual English participants is not unusual as 

prevoicing is sometimes evident in the productions of monolingual English speaking 

adults with typical speech, language, and hearing (Smith, 1978). Prevoicing values were 

also seen in the English and Spanish productions of the bilingual participants. As stated 

earlier, though, there were not enough samples to analyze so a difference in percentage 

prevoicing could not be compared across groups. It should be noted that the low 
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percentage of prevoicing in the Spanish productions is in contrast with the findings of 

Lisker and Abramson (1964). Also stated earlier, the low number of prevoiced stops in 

the bilingual Spanish samples could be evidence of transfer of the rules of English to 

Spanish voiced consonants, as defined by Paradis and Genesee (1996). Evidence of 

transfer could, in turn, be due to the number of participants in the school-aged range who 

would receive increased exposure to English. 

Limitations 

Although the research targeted the proposed hypotheses, there were still some 

limitations of the present study that need to be considered. First, there was no control 

group of typically developing monolingual English and bilingual Spanish-English age-

matched peers. The addition of such control groups would have given a better 

understanding to the differences in the VOT values of children with cochlear implants as 

compared to their typically developing peers. Although we did not have the advantage of 

having typically developing participants with normal hearing, the research did provide 

informative results on the use of VOT as an acoustic cue by monolingual English and 

bilingual Spanish-English speaking children with cochlear implants. The addition of age-

matched monolingual Spanish CI users would have provided a comparison for the 

bilingual participants’ Spanish productions. However, finding monolingual Spanish 

cochlear implant recipients past the pre-school range is difficult due to the exposure of 

English in the public education system in the United States.  

A larger sample size in general would have given the results more weight and 

may have expanded on the current findings. Nonetheless, the results were robust enough 

to contribute to current knowledge of how bilingual Spanish-English and monolingual 
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English prelingually deaf children with cochlear implants produce and contrast VOT 

values of initial position stop consonants. Future research should expand on the results of 

this study by investigating the development of VOT as an acoustic cue in a longitudinal 

study of monolingual and bilingual children with cochlear implants. 

Conclusion 

During the course of this research study, two hypotheses were offered. First, 

monolingual and bilingual children with cochlear implants would use VOT as an acoustic 

cue for differentiating their voiced and voiceless stop consonants. This hypothesis was 

only partially supported. As mentioned earlier, there was a significant main effect found 

for voicing and place of articulation in the VOT values of the English productions of 

monolingual and bilingual children with cochlear implants.  

The second hypothesis states that there would be evidence of interaction (such as 

transfer, deceleration, and/or acceleration) in the bilingual Spanish and English VOT 

samples in children with cochlear implants. This hypothesis was supported by the results. 

A significant interaction between language and voicing was found in the comparison of 

the bilingual English and bilingual Spanish productions of the participants. The results 

also revealed possible evidence of deceleration, transfer, and a proposed variation of the 

hypothesis of acceleration (Fabiano-Smith & Goldstein, 2010b; Paradis & Genessee, 

1996) in the VOT values of bilingual children with cochlear implants. Specifically, there 

may have been evidence of deceleration in that the bilingual English productions of /p/ 

were significantly shorter compared to their monolingual peers. This contrast could also 

have been partially attributed to the monolingual participant’s unusually longer values of 

/p/ compared to their productions of /t/ and /k/. Evidence in support of Fabiano-Smith and 
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Goldstein’s (2010b) variation to the hypothesis of acceleration was found in the 

monolingual-like values of the bilingual participants English productions of /g/, /t/, and 

/k/, while maintaining a significant contrast to their Spanish productions of the same 

phonemes. Evidence of transfer was found in the similar English and Spanish values of 

/b/ and /d/ in bilingual CI users’ productions with values that resembled those of their 

monolingual peers with CIs. The probability of deceleration, transfer, and the variation of 

acceleration occurring simultaneously within the phonological systems of the same 

bilingual participants has also been found in studies of typically developing bilingual 

children (Fabiano-Smith & Goldstein, 2010b). 

Research on monolingual and bilingual phonological acquisition in children with 

cochlear implants is growing. More research on the patterns of phonological development 

in monolingual and bilingual children with cochlear implants will provide information 

not only for research, but also in clinical and educational settings. Learning more about 

on the phonological interaction in bilingual children with cochlear implants will also aid 

in making more informed clinical and educational decisions, and in distinguishing 

between a language difference and a language disorder for this growing population. 

Clinical staff and educators will also benefit from an understanding of the differences and 

similarities in the phonological development patterns of bilingual CI users compared to 

monolingual CI users. Future studies on the development of the voicing contrast may 

compare bilingual cochlear implants users to their typically developing bilingual peers, 

use a longitudinal approach to follow phonological development, and involve more 

participants to obtain a more thorough understanding of bilingual phonological 

acquisition in children with cochlear implants.  
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