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A B S T R A C T

Purpose: This study examined the speech acoustic characteristics of Jamaican
Creole (JC) and English in bilingual preschoolers and adults using acoustic
duration measures. The aims were to determine if, for JC and English, (a) child
and adult acoustic duration characteristics differ, (b) differences occur in pre-
schoolers’ duration patterns based on the language spoken, and (c) relationships
exist between the preschoolers’ personal contextual factors (i.e., age, sex, and
percentage of language [%language] exposure and use) and acoustic duration.
Method: Data for this cross-sectional study were collected in Kingston,
Jamaica, and New York City, New York, United States, during 2013–2019. Par-
ticipants included typically developing simultaneous bilingual preschoolers (n =
120, ages 3;4–5;11 [years;months]) and adults (n = 15, ages 19;0–54;4) from the
same linguistic community. Audio recordings of single-word productions of JC
and English were collected through elicited picture-based tasks and used for
acoustic analysis. Durational features (voice onset time [VOT], vowel duration,
whole-word duration, and the proportion of vowel to whole-word duration) were
measured using Praat, a speech analysis software program.
Results: JC-English–speaking children demonstrated developing speech motor
control through differences in durational patterns compared with adults, includ-
ing VOT for voiced plosives. Children’s VOT, vowel duration, and whole-word
duration were produced similarly across JC and English. The contextual factor
%language use was predictive of vowel and whole-word duration in English.
Conclusions: The findings from this study contribute to a foundation of under-
standing typical bilingual speech characteristics and motor development as well
as schema in JC–English speakers. In particular, minimal acoustic duration dif-
ferences were observed across the post-Creole continuum, a feature that may
be attributed to the JC–English bilingual environment.
Supplemental Material: https://doi.org/10.23641/asha.21760469
Bilingual populations are rapidly increasing in the
United States, almost tripling in size since 1980, and now
represent 45% of people born in the Unites States (Zeigler
& Camarota, 2019). With this growth in linguistic
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diversity, there is an increased likelihood that speech-
language pathologists (SLPs) will have bilingual speakers
on their caseloads. However, there is insufficient informa-
tion about the speech characteristics of diverse, bilingual
populations to support SLPs in accurately evaluating child
speech. Because speech patterns such as durational features
can vary based on language and dialect (Lisker & Abramson,
1964), understanding acoustic durational characteristics
can support the establishment of developmental speech
right © 2022 American Speech-Language-Hearing Association 1
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norms, contribute to information about the development
of motor control, and advance the establishment of valid
speech assessments (Vorperian & Kent, 2007). In response
to this need, documenting and categorizing duration char-
acteristics across speakers of different languages could
assist SLPs in (a) improving the accuracy of their speech
assessment and (b) reducing the possibility of misdiagnosis
of speech function in bilingual clients.

Research with bilingual populations has identified
differences in speech features based on the influence of
one language on the other (i.e., cross-linguistic effects;
Hambly et al., 2013) and differences in motor planning
and sequencing based on diverse language experiences
(Speights Atkins et al., 2017). Although this knowledge is
helpful to SLPs, there is a need to understand which
speech sound patterns resulting from specific language
pairings are typical (Hambly et al., 2013), so that typical
and atypical patterns can be differentiated. Categorizing
typical speech patterns in all the languages a bilingual per-
son uses and determining how these patterns differ from
monolingual users of these languages are essential steps
needed to support valid assessment and differential diag-
nosis of typical and typical speech skills in bilingual
children.

Speech assessment has typically relied on SLPs’ per-
ceptual judgment and analysis, usually from a single
observation in the clinical setting (Ishikawa et al., 2017;
Kent, 1996 ; Kent & Rountrey, 2020). Some advantages
of perceptual analysis of speech include convenience, time,
and cost efficiency (Kent, 1996). Although perceptual
analysis has been commonly used, its reliability, accuracy,
and susceptibility to errors and biases have been called
into question (Kent, 1996; Kent & Rountrey, 2020).
Acoustic inquiry (i.e., analysis using acoustic methods)
can address the limitations of perceptual analysis by pro-
viding objective and consistent descriptions of speech
sound patterns (Ishikawa et al., 2017). Acoustic analysis is
not often used clinically for a variety of reasons (e.g., time
constraints and lack of awareness and training); however,
its use in clinical settings can lead to improved diagnoses
in bilingual populations if used and interpreted appropri-
ately (Kent & Kim, 2003).

The purpose of this study was to develop an under-
standing of an understudied bilingual population’s speech
pattern profiles (specifically Jamaican Creole [JC]-English–
speaking bilingual preschoolers) by examining a set of
acoustic durational measures of speech in both of their spo-
ken languages. Drawing on recommendations for practice
(McLeod et al., 2017), adult participants from the same lin-
guistic community were included to provide models of
acceptable JC–English speech patterns. We also imple-
mented culturally responsive methods from a previous
study (León et al., 2022) by using an adapted protocol
of speech elicitation and interpretation for this population
2 Journal of Speech, Language, and Hearing Research • 1–23
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(Washington et al., 2017). The adapted Diagnostic Evalua-
tion of Articulation and Phonology (DEAP; Dodd et al.,
2006) protocol includes a range of response variations that
are typical in the Jamaican population. The influence of
contextual factors on this set of speech duration character-
istics was also explored to increase understanding of this
bilingual population’s linguistic profile.

Acoustic Speech Sound Measurement

Durational characteristics are key components of
speech and intelligibility that influence how listeners per-
ceive and distinguish individual sounds. Durational char-
acteristics can provide evidence of speech and motor
development (Tingley & Allen, 1975) and be used for
monitoring treatment progress (Neel, 2010). Additionally,
durational values can be used to support the assessment of
speech disorders through objective indicators that signal
typical and atypical speech patterns (Macrae et al., 2010).
Three duration parameters are examined in this study:
voice onset time (VOT), vowel duration, and whole-word
duration. The proportion of vowel to word duration was
also examined. Previous works using these measures have
identified acoustic features that may be distinct in the
Jamaican population (Coy & Watson, 2020; León et al.,
2022). Therefore, these measures are useful and potentially
clinically relevant in that they can inform typical speech
characteristics in JC–English speakers.

Effects of Contextual Factors on Durational
Acoustic Measurements

Incorporating contextual factors, as defined in the
International Classification of Functioning, Disability and
Health for Children and Youth (ICF-CY; World Health
Organization [WHO], 2007), in the description of speech
is important in gaining a detailed understanding of the
communication skills of bilingual children (McLeod et al.,
2017) and for supporting communication function general-
ization in various settings (Westby & Washington, 2017).
The child contextual factors of interest in this study are
child internal factors (i.e., age and sex) and external fac-
tors (i.e., the percentage of language [%language] use and
exposure). As emphasized in the biopsychosocial model of
the ICF-CY, contextual factors impact children’s overall
functioning, including their communication (see Westby &
Washington, 2017). Some speaker-specific contextual fac-
tors also affect durational speech patterns. The relation-
ship between duration measures (VOT, vowel duration,
and whole-word duration) and the contextual factors of
age, sex, and language exposure/use, addressed by cross-
linguistic effects, are considered and discussed below.
Understanding the impact of these contextual factors on
durational skills can provide insight into this bilingual
, Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions 



population’s speech and possibly motoric control develop-
ment. Furthermore, increased awareness of expected dura-
tion patterns (i.e., average durational values) can eventu-
ally support the advancement of normative data.

Age
Due to development and maturation, it has been sug-

gested that perceptual and motor capabilities (Auszmann
& Neuberger, 2014; Kent, 1976), physiological changes
(Kent, 1976), environmental changes (e.g., language experi-
ences; Smith, 1992), and sociocultural influences (Kent &
Rountrey, 2020) can change with age. Research in support
of this view has demonstrated that young children’s seg-
ments, including individual speech sounds and words, are
longer and more variable in their duration when compared
with the same segments produced by adults (Kent, 1976;
S. Lee et al., 1999; Macrae et al., 2010; Smith, 1992).
With the maturation of speech motor development, chil-
dren’s variability and duration reduce to eventually
match adult speech (Smith, 1992; Tingley & Allen, 1975).
This maturation is believed to occur around preadolescence
for VOT patterns (Tingley & Allen, 1975; Whiteside &
Marshall, 2001) and at around 3–7 years of age for vowel
patterns (Kent & Rountrey, 2020). However, some studies
suggest adultlike vowel patterns (e.g., similar acoustic dura-
tion) do not occur until early adolescence (Auszmann &
Neuberger, 2014).

Sex and Gender
Sex and gender are two separate constructs that

have also been shown to have an impact on speech dura-
tion patterns. Anatomical, physiological, and social gender
role differences contribute to differences between cisgender
female and male speech (Pépiot, 2015). Several studies
have revealed that durational characteristics of speech are
longer for female adults when compared to male adults,
including VOT (English speakers: Pépiot, 2015; Swartz,
1992; Whiteside & Marshall, 2001; French speakers:
Pépiot, 2015) and vowel duration (English speakers: Holt
et al., 2015; S. Lee et al., 1999). Pépiot (2015) found lon-
ger whole-word duration in pseudowords produced in sen-
tences in monolingual female than male individuals in
General American English and Parisian French. Con-
trarily, results from Oh (2011) demonstrated longer VOT
in male speakers than female speakers (e.g., aspirated
stops in Korean) and differences in the speech of female
speakers across languages (e.g., longer VOT duration in
English but not in Korean). These differences between
sexes have often been attributed to anatomical differences
that develop during puberty, such as a difference in vocal
tract length and the thickness of the vocal folds (Oh,
2011; Pépiot, 2015). However, these differences may also
be related to social and cultural factors associated with
gender roles, such as efforts made by women speakers to
Downloaded from: https://pubs.asha.org Victoria McKenna on 12/29/2022
achieve more intelligible speech than men (Simpson, 2009)
or to language-specific patterns (Oh, 2011). Despite the
considerable amount of literature that has been published
on differences in durational values between female and
male individuals, some studies’ results have not shown
any significant difference between participants based on
sex (e.g., Lundeborg et al., 2012).

Evidence of this relationship in children is equivocal.
Most studies have focused on VOT and vowel duration,
but less is known about whole-word duration differences
between female and male children. VOT patterns have
been found to vary between female and male children,
depending on both the age of the child and on the plosive
examined (Whiteside & Marshall, 2001). For vowel dura-
tion, many studies have not found significant sex differ-
ences (Jacewicz et al., 2011). However, it should also be
noted that some studies that measured children’s speech
duration have not included an analysis of the effect of sex
or gender (e.g., VOT: MacLeod, 2016; VOT and vowel
duration: S. A. S. Lee & Iverson, 2012). This inconsis-
tency in the literature signals a need for more data on the
impact of sex on durational patterns in child speech
development.

Cross-Linguistic Effects
Phonemic categories can vary among languages,

impacting timing distributions and acoustic features
(Lisker & Abramson, 1964). A large volume of published
studies describes the role of possible interactions between
languages, often referred to as cross-linguistic effects
(Paradis & Genesee, 1996). Cross-linguistic effects are the
carryover of characteristics from one language to another
within an individual, which can be detected in bilingual
speech (Paradis & Genesee, 1996). This is observed within
the speech learning model (Flege, 1995), as bilingual
speakers use assimilation or dissimilation to distinguish
the phonetic language categories. Assimilation refers to
merging multiple languages’ phonetic categories, and dis-
similation refers to developing separate phonetic categories
for each language. This model has focused primarily on
sequential bilingualism in adults (S. A. S. Lee & Iverson,
2012) where a person gains proficiency in one language
before exposure to a second language rather than simulta-
neous bilinguals, who concurrently gain proficiency in two
or more languages early in their development.

Bilingual speakers occasionally produce acoustic
duration distributions and patterns that vary from mono-
lingual speakers (e.g., Fabiano-Smith & Bunta, 2012). An
implication of cross-linguistic effects across two languages
is the possibility of interaction with bilingual children’s
developing motor control. This interaction is poorly
understood. Some studies suggest that although there may
be different phonological systems for each language,
motor control does not differ by language in bilingual
León et al.: Duration Patterns in Jamaican Bilingual Children 3
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speakers (e.g., Holm et al., 1997). In contrast, other stud-
ies propose that articulatory planning and organization
vary by language, as demonstrated by different coarticula-
tion (Manuel, 1987) and articulatory patterns by speakers
of various languages (e.g., English and Turkish speakers;
Boyce, 1990). Said differently, less is known about
whether bilingual speakers follow the same course as
monolingual speakers or if the interaction creates a sepa-
rate trajectory for bilingual speakers (S. A. S. Lee &
Iverson, 2012). This separation could be observed as
motor control differences in all the languages bilingual
speakers use or in only one of the languages spoken.

Previous studies have reported different VOT pat-
terns in bilingual children compared with monolingual
speakers during specific ages and in at least one language
(e.g., Spanish–English: Fabiano-Smith & Bunta, 2012;
German–Spanish: Kehoe et al., 2004; Korean–English:
S. A. S. Lee & Iverson, 2017). For example, Fabiano-Smith
and Bunta (2012) found that bilingual children’s VOT
duration differed from their monolingual peers in English
but not Spanish. They discussed the possibility of cross-
linguistic influence of Spanish on VOT (especially with
bilabial plosives), demonstrated through shorter duration
than in English. Kehoe et al. (2004) found distinct VOT
patterns in their bilingual German-Spanish–speaking child
participants. The three patterns produced by bilingual
children included (a) no cross-linguistic influence, (b) delay
of target realization, and (c) transfer of features. The pat-
terns produced were inconsistent across their bilingual
speakers, suggesting an intricate relationship between
unique language backgrounds and durational patterns.
Additionally, although our previous study with bilingual
children and adults (León et al., 2022) did not directly com-
pare JC–English speakers to British English speakers, we
concluded that our participants’ English VOT characteris-
tics resembled British VOT features. Specifically, the pro-
duction of prevoicing for voiced consonants aligns with
British VOT values that tend to range from prevoicing to
positive values (Docherty, 2011).

Vowel duration can vary in bilingual speakers.
Ronquest (2012) found that Spanish–English bilingual
adult speakers produced marginally, but consistently, lon-
ger vowel duration in Spanish than monolingual speakers
of Spanish. Similarly, Srinivasan (2018) found that
Spanish-English–speaking children in their study produced
longer /æ/ and /ɛ/ vowel durations in English compared
with monolingual English speakers. However, duration
for /ɪ/ and /ʌ/ was similar to monolingual English coun-
terparts. There has been a limited analysis of cross-
linguistic effects on whole-word production in the litera-
ture with little agreement in the results. For example,
Kehoe (2022) did not find bilingualism to affect word
duration for children in French, whereas Dodane and
Bijeljic-Babic (2017) did. This was demonstrated by
4 Journal of Speech, Language, and Hearing Research • 1–23
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bilingual children producing longer vowel duration in
French than monolingual children.

Cross-linguistic effects in dialects of different lan-
guages are also of interest. Varying patterns across dia-
lects of the same language have been demonstrated (Coy
& Watson, 2020; Holt et al., 2015; Jacewicz et al., 2011).
Coy and Watson (2020) compared children’s acoustic data
of four corner vowels across different dialects of English,
including American English, British English, and Jamaican
English (as spoken by Jamaican children). They found
that duration was significantly shorter for most vowels in
Jamaican English than in American English. However, the
duration of British English and Jamaican English vowels
were more similar. The vowel /i:/ was produced longer in
Jamaican English than in American and British English.
Holt et al. (2015) examined vowel duration of Southern
American English. They found that adult speakers of
African American English produced longer vowels than
speakers of White American English. Additionally,
Jacewicz et al. (2011) found significant differences in
vowel duration in Midwestern and Southern American
English dialects. Adult and child speakers of the South-
ern dialect produced the vowels /ɪ/, /ɛ/, /ʊ/, and /o/ longer
than speakers of the Midwestern dialects.

The Jamaican Language

Although some research findings regarding bilingual
children can be generalized to different languages, it is
important to consider cultural and linguistic differences spe-
cific to a bilingual speaker’s language pairing. As a popula-
tion, Jamaicans represent a growing community within the
United States (approximately 20% of Caribbean-born pop-
ulation; U.S. Census Bureau, 2017) and other countries across
the globe (e.g., Canada and the United Kingdom). As such,
this population warrants increased attention in the commu-
nication disorders literature. In Jamaican society, most peo-
ple are considered simultaneous (exposed to and learning
two or more languages shortly after birth) and balanced
(relatively equal proficiency in both languages) bilingual
speakers of JC and English. JC is derived from its lexifier
language, English. Because of this, the two languages have
a shared linguistic foundation, expressed on the post-Creole
continuum. This continuum involves phonetic and lexical
variations for words, with one end having more English-
based productions and the other containing more JC-
influenced productions. The continuum contains variable
pronunciations for different words acceptable for JC–
English speakers. It is important to note that JC is an inde-
pendent language (Irvine-Sobers, 2018). There are phonetic
and phonological differences, or rules, specific to each lan-
guage. For example, the JC phonetic inventory has fewer
consonants (22 compared with 24) and vowels (12 com-
pared with 20) than English (Dib, 2019; Jamaican
, Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions 



Language Unit, 2009). Additionally, in JC, [h] does not
serve as a contrastive phoneme (Irvine-Sobers, 2018).

As is common in bilingual speakers of other lan-
guages, cross-linguistic interactions are expected in speakers
of JC and English (Karem & Washington, 2021). Addition-
ally, a characteristic of JC–English speakers is that many
words can be produced in various ways (Washington et al.,
2017). Incorporating the knowledge that these speech
patterns (i.e., phonological and lexical variability) are typi-
cal in post-Creole productions (León et al., 2022; Speights
Atkins et al., 2017) improves the accuracy of Jamaican
speech interpretation.

Purpose

Understanding various language pairings is impor-
tant to inform accurate and appropriate speech assessment
and therapeutic decisions. The need for more research on
typical bilingual speech development is particularly press-
ing for understudied language pairings, such as JC and
English. Characterizing typical acoustic duration patterns
allows for the precise distinction of atypical speech pat-
terns in children with speech sound disorder (SSD). Using
the methods proposed by León et al. (2022), we extend a
culturally adapted DEAP protocol (Dodd et al., 2006;
Washington et al., 2017) developed for JC–English
speakers to guide the speech duration measures across lan-
guages spoken. This protocol was used based on findings
that, compared with the standard DEAP protocol, the
adapted approach captured a greater variety of speech fea-
tures from the post-Creole continuum.

The purpose of this study was twofold and was
addressed using three research questions (RQs). The first
objective was to describe typical JC-English–speaking bilin-
gual children’s acoustic speech patterns in both languages
spoken by comparing their acoustic duration measures to
adult participants from similar linguistic backgrounds. Adult
speech was used as the model for the expected speech pat-
terns in typical Jamaican bilingual speakers (RQ1). For our
second objective, we focused only on JC-English–speaking
preschoolers and considered contextual factors that influ-
enced acoustic duration performance (RQ2 and RQ3). The
following RQs were addressed.

1. Do adult and preschool patterns of acoustic duration
measures differ for productions in JC and English?

2. Do acoustic duration patterns of preschoolers’ pro-
ductions in JC differ from their productions in
English?

3. What is the relationship between preschoolers’ con-
textual factors (age, sex, language exposure, and
use) and acoustic patterns of durations (VOT,
whole-word duration, and vowel duration) in JC
and English?
Downloaded from: https://pubs.asha.org Victoria McKenna on 12/29/2022
Method

Study Approval

Study approval for the Jamaican Creole Language
Project was obtained from the institutional review board
and the University of Cincinnati and Faculty of Medical
Sciences Ethics Committee, University of the West Indies,
Mona Campus, Jamaica. Additional support and permis-
sion were obtained from the Early Childhood Commission,
Government of Jamaica, and each participating early learn-
ing center where data were collected. Licensure for speech
therapy practice in Jamaica was obtained from the Council
for Professions Supplementary to Medicine. Consent was
obtained from all adult participants. Preschoolers’ parents
provided consent, and preschoolers provided verbal assent.

This Study

This study implements methodology from a previous
study (see León et al., 2022)—first, by using a culturally
responsive and adapted DEAP scoring protocol developed
for the Jamaican population and, second, by using the same
durational analysis protocol used by León et al. (2022) for
determining onset and offset segments. The participant data
were drawn from a corpus of data, the Jamaican Creole
Language Project (see Washington et al., 2017), in which
quality audio recordings for acoustic analysis of speech were
available for 120 children and 15 adults. The audio record-
ings and parent report data were collected during 2013–2019
and comprise the data reported in this article. The same cor-
pus of children and adults is reported by León et al. (2022);
however, the previous analysis was in the English language
only, whereas our work here focuses on JC and English.

Participants

Children
A subset of 120 typically developing simultaneous

bilingual children from the Jamaican Creole Language Pro-
ject database used in the León et al. (2021) study was
included in this study. Children were recruited from four dif-
ferent schools in Kingston, Jamaica, and one school in New
York, United States. They were included based on the fol-
lowing criteria, participants (a) used JC and English at home
and at preschool, as reported by parents and teachers using
questionnaires; (b) were aged 3;0–5;11 (years;months); (c)
passed binaural hearing screening at 25 dB (1, 2, and 4 kHz);
(d) had no parent-reported neurological or pervasive devel-
opmental disorders; (e) met age-based criterion on the Oral
Motor subtest of the DEAP (Dodd et al., 2006); (f) achieved
a standard score of ≥ 72 on the Primary Test of Nonverbal
Intelligence (Ehrler & McGhee, 2008); and (g) achieved a
mean score of ≥ 4.12 on the English Intelligibility in Context
León et al.: Duration Patterns in Jamaican Bilingual Children 5
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Scale (ICS; McLeod et al., 2012a) and the Intelligibility in
Context Scale–Jamaican Creole (ICS-JC; McLeod et al.,
2012b; Washington et al., 2017). A cutoff score of 4.12 or
above for both the ICS and the ICS-JC were applied as León
et al. (2021) reported appropriate sensitivity and specificity
levels for Jamaican preschoolers. Preschool participants’ ages
ranged from 3;4 to 5;11 (M = 4;11, SD = 6.7), and the sam-
ple consisted of 67 (55.8%) female and 53 male (44.2%) par-
ticipants. Most child participants were in the 4-year-old
(female: n = 35, male: n = 31) and 5-year-old (female: n =
29, male: n = 21) age ranges. Information on children’s sex
was extracted from parental report. Information on chil-
dren’s gender identity was not collected.

Adults
Audio recordings of 15 JC-English–speaking adults,

aged 19;0–51;7 (M = 38;9, SD = 10.7) were included in
this study. Most were female (n = 12, 80.0%). Adults were
recruited from Kingston, Jamaica, and belonged to the
same linguistic community as the child participants, but
none were parents of the children enrolled. Adult partici-
pants self-reported being bilingual and having typical
hearing acuity. Their highest education levels ranged from
primary school (n = 1), high school (n = 9), trade school
(n = 1), to college/university (n = 4).

Materials

DEAP
The DEAP (Dodd et al., 2006) is a norm-

referenced speech assessment tool for children aged 3;0–
8;11. Although Jamaican preschoolers are outside the
normed sample, the DEAP has been previously used in a
validation study with Jamaican children to ensure all pho-
nemes were screened (Washington et al., 2017). Previous
studies have utilized a culturally adapted protocol of the
DEAP, which was developed in collaboration with the
Jamaican Language Unit. This adapted protocol includes a
range of culturally appropriate response variations from the
DEAP based on adult English and Jamaican phonological
systems. As such, the adapted DEAP protocol accounts for
the post-Creole continuum, allowing for more response var-
iation (lexical and phonological responses) than the stan-
dard DEAP protocol (León et al., 2022). For example, for
the item girl, the adapted protocol accepts productions
beyond the standard response [ɡɝl] and includes [ɡɜl], [ɡɜɹl],
[ɡɜːɹl], [gyal], [gyal pɪknɪ], and [gyal pikni] response options.

For this study, audio recordings of select single-
word responses to the 30-item DEAP Articulation subtest
were the sources of data. To maintain the consistency of
the included words, a subset of stimulus words from the
DEAP Articulation subtest were selected for the analyses
based on meeting the following structural criteria: (a) being
monosyllabic, (b) containing singleton consonants in initial
6 Journal of Speech, Language, and Hearing Research • 1–23

Downloaded from: https://pubs.asha.org Victoria McKenna on 12/29/2022
word position (i.e., no clusters), and (c) containing
consonant–vowel–consonant (CVC) phonotactic structures
in initial placement. Based on these criteria, 22 of 30 words
qualified for inclusion. However, one stimulus word was
included with a slight exception. The commonly used abbre-
viation “tv” ([tivi]), instead of “television,” was included and
met the criteria by having an initial CVC phonotactic struc-
ture. This resulted in a total of 23 words included as stimuli
in this research. The exclusion criteria for the words were (a)
being multisyllabic (yellow, zebra, orange), (b) containing a
consonant cluster in initial word position (snake, crab), or
(c) containing a rhotic consonant or vowel (chair, ring). The
single-word criteria were chosen to control for their effects
on durational patterns. However, in being responsive to the
wide variety of productions that exist on the post-Creole
continuum (León et al., 2022), additional lexical and phonol-
ogical response variations from the adapted DEAP protocol
were considered. Responses extended from the DEAP stim-
ulus words, which are all CVC, and were included if they
fell within the following phonotactic structures: CVC,
CVCV, and CVCC. Therefore, the initial CVC phonotac-
tic structure was included to maintain similar structure
across culturally appropriate productions and to analyze
the impact of different phonetic contexts.

Parent Questionnaires
Parent questionnaires were completed as part of the

Jamaican Creole Language Project (see Abu El Adas
et al., 2020; Washington et al., 2021). Parent responses
regarding the child’s age, sex, language exposure, and lan-
guage use (“What percentage of the week would your
child speak and hear these languages?”) were used in the
current project. The responses to the mentioned questions
informed the contextual factors included in the analyses.
Procedure

Data Collection

Audio recordings, collected in quiet rooms and in
an authentic school environment, from participants pro-
vided acoustic data to be analyzed. Recordings were com-
pleted using Zoom H4N or H6N portable recorders with
a Movo LV4-C XLR unidirectional cardioid lavalier
microphone attached to the fitted vest. Samples were digi-
tized with a sampling rate of 22 kHz and 24-bit encoding.

The children’s speech samples consisted of single-
word responses to the DEAP Articulation subtest adminis-
tered in JC and English. To distinguish the two languages,
different SLPs unknown to the child who were native
speakers of JC and English administered the DEAP in
each language, in sessions counterbalanced by language.
The SLPs provided verbal cues for the children to respond
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in either JC or in English, as necessary. The children’s
responses were most often spontaneously produced (on
> 95% of occasions) during the picture elicitation task. A
series of cues were given to the children if they did not
spontaneously respond or if responses were incorrect. The
series of cues started with phonemic (e.g., /p/) or semantic
cues (e.g., “it lives on a farm, it’s a __”), followed by
binary forced-choice cues, with the target response said
first (e.g., “is it a pig or a donkey?”). Finally, if an accept-
able target word had still not been produced, the SLP
asked the child to repeat the target word. Of note, there
were some responses from the acceptable target word vari-
ations that the children did not produce (e.g., [pɪɡɪ], [pɔk],
[tits], [tut], [gyal], [gyal pikni], [bwai pikni], [tɛlɪvɪdʒən],
[lam], and [ʤɛlɪ]).

The adults’ speech samples were productions for
the word variations of the DEAP Articulation subtest
(Washington et al., 2017). Although JC-English–speaking
SLPs verbally modeled the different word variations, the
adults only produced the variations within their repertoire
(León et al., 2022). As a result, Jamaican adults did not
produce some U.S. General English standard responses.
For example, phonemes varied (e.g., [θɔm] for [θʌm]), and
epenthesis frequently occurred (e.g., [bɔlə] for [bɔl]). None-
theless, the speech samples provided by each adult con-
tained acceptable response variations along the post-Creole
continuum. Comparing children’s speech performance to
appropriate adult target productions is a recommended
practice known as relational analysis (McLeod et al., 2017).
The adult speech patterns were used as model patterns that
could be similarly produced in typically developing chil-
dren. Incorporating adult patterns provided guidelines for
distinguishing typical differences (e.g., typical speech fea-
tures from the cross-linguistic effect of languages) and atyp-
ical differences caused by a delay or disorder.

Data Analysis

Acoustic Duration Analysis
All audio recordings were transcribed using broad

transcription and acoustically measured using Praat
speech analysis software (Version 6.1.40; Boersma &
Weenink, 2018). The subset of 23 words was analyzed
using four parameters to determine durational measure-
ment: VOT (Lisker & Abramson, 1964), whole-word dura-
tion (Macrae et al., 2010), vowel duration (House, 1961),
and the proportion of vowel to word duration. All ana-
lyzed words shared the same initial word shape (CV).
Team members followed a protocol that provided detailed
guidelines for acoustically marking the onset and offset
boundaries for words in different phonetic contexts for the
four different acoustic measures (see León et al., 2022).
For example, as described by León et al. (2022), the onset
boundary for whole-word duration starting with a nasal
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consonant was placed at the first pitch period associated
with the low-frequency nasal murmur. The offset bound-
ary for words ending in nasals was placed at the last pitch
period of the low-frequency nasal murmur. For words
beginning and ending in affricates, the onset was marked
at the start of the release burst high-frequency noise, and
the offset was placed at the end of the frication noise. The
onset and offset for words that began and ended in plo-
sives were placed at the start of the high-frequency noise
of the release burst, from the first upward, zero-crossing
associated with the release burst. The VOT onset was
identified at the start of the high-frequency noise associ-
ated with the release burst, and the offset was marked
when the voicing of the following vowel began. Pitch
periods were used to support the identification of voicing.
In this study, we defined prevoicing as any voicing prior
to the release burst, regardless of any pausing in voicing.
Therefore, the onset for prevoicing was placed at the
beginning of the voicing before the release burst. The off-
set for prevoicing was placed at the beginning of the
release burst. The acoustic waveforms and the wideband
spectrograms were visually and auditorily inspected to
determine acoustic boundaries.

Utterances were excluded from the study if the wave-
form and/or spectrogram were interrupted (e.g., back-
ground noise), making it difficult to establish the onsets/
offsets. A total of 968 tokens for VOT, 1,743 tokens for
vowel duration, and 1,734 tokens for whole-word duration
were included in JC. Nine hundred ninety-one tokens for
VOT, 1,728 tokens for vowel duration, and 1,732 tokens
for whole-word duration were used in English. The tokens
were phonetically transcribed and coded based on their
transcription to allow for a direct comparison between the
same word structures. Words were considered errors if they
were produced as distortions, did not match the target
sound, and/or did not match the culturally appropriate
varieties predetermined in the adapted DEAP protocol.
Words considered errors were not analyzed.

VOT plays a large role in the perceptual differentia-
tion of phonemic categories (Lisker & Abramson, 1967)
and are affected by different factors including age, sex,
languages spoken by the speaker, and the word’s phono-
tactic structure (Swartz, 1992). VOT is impacted by pho-
netic structures of words and sentences, including the
vowel that follows the initial plosive, the manner of articu-
lation, and the voicing of the consonant following the
vowel (Swartz, 1992). For example, in English, VOT
values are often longer for initial voiceless plosives com-
pared with voiced consonants (Nakai & Scobbie, 2016).
Due to the influence of this phonetic structure, the words
used in this study to measure VOT were also categorized
by voicing. Nine words that began with plosives and that
included voice and voiceless cognate pairs were included
for VOT measurement. VOT measures were recorded as
León et al.: Duration Patterns in Jamaican Bilingual Children 7

, Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions 



positive values when onset boundaries for target words
were placed from the start of the plosive energy release
burst to the onset of voicing (Lisker & Abramson, 1964).
VOT measures were recorded as negative values when voic-
ing was present before the plosive energy burst and, there-
fore, measured from the initial voicing to the plosive burst,
otherwise referred to as prevoicing (Adi et al., 2016).

Vowels were classified by their phonetic symbol
(e.g., /ɑ, ɛ, ɪ/) to compare duration across JC and English.
The vowel duration, whether monophthong or diphthong,
was compared and analyzed based on their phonetic tran-
scription; in other words, monophthongs were not analyzed
with diphthongs. Segmental-specific phonetic and articula-
tory contexts impact durational measures. For example,
vowel duration is longer when followed by a voiced conso-
nant plosive than a voiceless plosive (Neel, 2010). Therefore,
voicing of the consonant following the vowel (i.e., CVC) was
incorporated into the statistical analyses for vowel duration.

Whole-word and vowel acoustic duration measure-
ments were obtained from 17 words from the subset.
Although all words had the same initial word shape (CV),
various word forms were included in the whole-word anal-
yses to include various culturally acceptable words as part
of the post-Creole continuum. To account for these varia-
tions, words were labeled phonetically. Words were also
classified by the place of articulation (POA) and the man-
ner of articulation of the first consonant (i.e., CVC). The
manner of articulation categories included glides (/w, j/),
liquids (/l/), affricates (/ʧ, ʤ/), plosives, and fricatives. Plo-
sives were divided by oral plosives (/p, b, t, d, k, g/;
referred to solely as “plosives” hereafter) and nasal plo-
sives (/m, n, ŋ/; referred to as “nasals”). Nasals were sepa-
rated because their production involves airflow in the oral
and nasal cavities, and therefore, their acoustic features
differ from plosives produced orally. Fricatives were also
subgrouped and categorized as “nonstrident fricatives” for
the consonant sounds /f, v, ɵ, ð/ and categorized as “stri-
dents” for /s, z, ʃ, ʒ/. Fricatives were grouped separately
due to greater acoustic energy for strident than nonstri-
dent sounds (Neel, 2010). The proportion of vowel to
word duration was calculated by dividing the vowel dura-
tion value from the whole-word duration value.

Reliability
A research team engaged in transcription and acous-

tic extraction of the participants’ speech samples. All mem-
bers were provided with training on the Jamaican phonolo-
gical system and on accurately transcribing Jamaican pho-
nemes. The training included independently transcribing
speech samples in JC and English using Phon (Hedlund
& Rose, 2020), a software program for phonological tran-
scription with known clinical contributions (McAllister
Byun & Rose, 2016). Specifically, members transcribed the
same files using the “blind transcription” feature. It also
8 Journal of Speech, Language, and Hearing Research • 1–23
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allowed review of any discrepancies so that consensus could
be reached using the Shriberg et al. (1984) protocol.

Furthermore, all members completed training in the
processes related to the durational measures analyzed in
this study. Interrater reliability was accomplished for all
team members prior to beginning analyses. The intraclass
correlation coefficient (ICC) for intrarater training reliabil-
ity ratings were established using the irr R package
(Gamer et al., 2019). Koo and Li (2016) guidelines were
followed for interpreting ICC values. Training reliability
was established to be 90% and above (range: 90.2%–

99.8%), indicating good-to-excellent reliability (refer to
Koo & Li, 2016). Interrater reliability was also completed
for a sample of 10.0% (n = 13) of participants in JC and
English for the acoustic duration parameters (VOT,
whole-word duration, and vowel duration). The interrater
reliability was assessed by the first author who was blind
to the duration measures of the other team members.
Interrater reliability ratings were accomplished using IBM
Statistical Package for the Social Sciences (SPSS; Version
27) and were deemed excellent in JC (VOT mean: 94.3%,
range: 91.6%–96.2%, average difference between raters’
voiceless VOT: 0.001, average difference between raters’
voiced VOT: 0.0003; whole-word duration mean: 97.0%,
range: 95.9%–97.7%; vowel duration mean: 95.7%, range:
94.3%–96.8%) and good to excellent in English (VOT
mean: 90.1%, range: 84.8%–93.5%, average difference
between raters’ voiceless VOT: 0.004, average difference
between raters’ voiced VOT: 0.003; whole-word duration
mean: 94.5%, range: 92.5%–95.9%; vowel duration mean:
95.5%, range: 93.9%–96.7%).

Statistical Analysis
IBM SPSS (Version 27) was used to analyze data

for RQ1 and RQ2. Minitab statistical software (Version
21.1) was used to analyze data for RQ3. As mentioned
previously, the protocols allowed for various culturally
appropriate response options (e.g., [pɪɡ, pɪɡə, pɪɡi, pɪɡɪ]).
Words were matched by phonological transcription. The
most frequently produced variations for each word were
included. To maintain sufficient statistical power, words
with response frequencies below 20% were excluded. See
responses included in JC and English on Supplemental
Material S1. When appropriate (RQ1 and RQ2), the results
are reported first for JC and then followed by English data.

RQ1 was addressed by conducting a repeated
mixed-measures analysis of variance (ANOVA) model for
VOT, with speaker group (adult, child), voicing (voiced,
voiceless), and POA (bilabial, alveolar, velar) as fixed fac-
tors and participant as a random factor. The multiple pro-
ductions by the speakers were grouped for these VOT
analyses. Tukey’s pairwise comparisons with Bonferroni
correction were conducted as post hoc analyses, and effect
sizes were calculated and reported as Cohen’s d. Cohen’s
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(1988) effect size interpretation was used: 0.2 is a small
effect, 0.5 is a medium effect, and 0.8 or larger is a large
effect. To further address RQ1, a multivariate ANOVA
(MANOVA) was calculated to determine differences and
alignment between adults’ and preschoolers’ vowels, whole
words, and proportion of vowel to word acoustic duration
measurements in JC and English. These analyses were run
by word (i.e., matched by broad phonological transcrip-
tion) for two main reasons: first, to include various cultur-
ally acceptable words (e.g., [tiθ] [tit] [tits]) and, second, to
control the effects of phonotactic structures on duration.
Corresponding univariate one-way ANOVAs were com-
pleted for each dependent variable for significant results,
followed by a Tukey’s post hoc test to understand further
where those differences lie. The effect size partial eta
squared (ηp

2) are also reported, and the following interpre-
tation was used (Cohen, 1988): .01 is a small effect, .06 is
a medium effect, and .14 is a large effect.

RQ2 was addressed by conducting a nonparametric
Wilcoxon signed-ranks test to determine the median differ-
ences between the preschoolers’ acoustic duration mea-
surements in each language. Effect sizes are calculated as
r and reported.

RQ3 was addressed by conducting linear mixed-
effects multiple regression models for each preschooler’s
acoustic duration parameters to understand the effect of
children’s contextual factors (sex, age, %language expo-
sure, and %language use) in JC and English. However,
additional fixed factors pertinent to the measurements
were included to control for variance. The fixed factors
included were voicing and POA for VOT, voicing of the
subsequent consonant for vowel duration, manner of artic-
ulation for whole-word duration, and manner of articula-
tion and voicing of the subsequent consonant for propor-
tion. The mixed-effects models met assumptions of nor-
mality and homoscedasticity of residual distributions.
Data points with residual distributions greater than 4.5
were excluded. The effect sizes (ηp

2) are also reported, and
the interpretation mentioned above was used (Cohen,
1988). Lastly, post hoc analyses were not reported for the
covariate fixed factors due to our primary interest being
the contextual factor variables.
Results

RQ1. Do Adult and Preschool Patterns of
Acoustic Duration Measures Differ for
Productions in JC and English?

VOT—JC
Levene’s test for JC indicated equal variances, F(11,

698.596) = 13.43, p < .001, when based on median values
with an adjusted degrees of freedom. There were significant
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main effects found for group, F(1, 956) = 27.32, p < .001,
ηp

2 = .03; voicing, F(1, 956) = 136.94, p < .001, ηp
2 = .13;

and POA, F(2, 956) = 25.36, p < .001, ηp
2 = .05. Findings

revealed a significant two-way interaction for Group ×
Voicing, F(1, 956) = 9.77, p = .002, and for Voicing ×
POA, F(2, 956) = 5.49, p = .004. The other potential inter-
actions were not significant. Post hoc analyses were com-
pleted for significant interactions using Tukey’s pairwise
comparisons with Bonferroni correction, yielding an alpha
criterion of p < .025 and p < .016 for two and three com-
parisons, respectively, as well as effect size calculations of
Cohen’s d. Statistically significant mean differences between
children and adults were found for voiced (p < .001, d =
0.91), but not for voiceless plosives (p = .206, d = 0.39).
Children produced longer voiced VOT (M = 22 ms [aver-
age of all VOT productions, including prevoicing]) com-
pared with adults; the adults consistently exhibited prevoi-
cing (M = −40 ms [average of all VOT productions, includ-
ing prevoicing]). Statistically significant differences were
also found between voiced bilabial and alveolar plosives
(p < .001, d = 0.80), in addition to voiced bilabial and velar
POA (p < .001, d = 0.72). Similarly, significant differences
were found for voiceless bilabial and alveolar (p < .001,
d = 0.67) and for bilabial and velar POA (p = .005,
d = 0.64).

VOT—English
Levene’s test for English indicated equal variances,

F(11, 758.76) = 12.25, p < .001, when based on median
values with an adjusted degrees of freedom. Significant
main effects were found for group, F(1, 960) = 29.84, p <
.001, ηp

2 = .03; voicing, F(1, 960) = 136.73, p < .001,
ηp

2 = .13; and POA, F(2, 960) = 27.75, p < .001, ηp
2 =

.06. Findings revealed a significant two-way interaction
for Group × Voicing, F(1, 960) = 12.24, p < .001, and for
Voicing × POA, F(2, 960) = 7.60, p = .001. The other
potential interactions were not significant. Significant
interactions were further examined using Tukey’s pairwise
comparisons with Bonferroni correction. Cohen’s d effect
sizes were also reported. Like in JC, significant mean dif-
ferences were found between children and adults for
voiced (p < .001, d = 0.94), but not for voiceless plosives
(p = .208, d = 0.31). Children produced longer voiced
VOT (M = 24 ms) compared with adults (M = −37 ms).
Unlike JC, there were statistically significant differences
between all voiced POA, but not between any voiceless
POA. Differences were found between voiced bilabial
and alveolar plosives (p < .001, d = 0.44), voiced bila-
bial and velar plosives (p < .001, d = 0.44), and voiced
alveolar and velar POA (p < .001, d = 0.18). Lastly, to
briefly summarize, Table 1 is included to provide the
children’s and adult’s VOT average duration and stan-
dard deviation for both JC and English voiced and
voiceless plosives.
León et al.: Duration Patterns in Jamaican Bilingual Children 9
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Table 1. Children and adult voice onset time average duration (M)
and standard deviation (SD) in Jamaican Creole (JC) and English in
milliseconds.

Speaker
group

JC English

Voiced Voiceless Voiced Voiceless

Children M 14 84 17 87
SD 112 86 82 95

Adults M −54 74 74 74
SD 85 34 34 34
Vowel, Whole-Word Duration, Vowel-to-Word
Proportion—JC

A MANOVA was employed with speaker group
(children and adults) as independent variables. Vowel dura-
tion, whole-word duration, and the proportion of vowel to
word duration were included as dependent variables. Words
were matched and grouped by broad phonological tran-
scription. The results of the MANOVA in JC yielded signifi-
cant differences (p < .05) between the two groups (children
and adults) on the combined variables of whole-word and
vowel duration for words: “pig” ([pɪɡə]), “teeth” ([tit]),
“fish” ([fɪʃ]), “thumb” ([tɔm]), “this” ([dɪs]), “socks” ([sɔks]),
“legs” ([lɛgz]), “watch” ([watʃ]), and “house” ([haʊs]). Addi-
tionally, these words demonstrated medium-to-large effect
sizes (ηp

2 range: .07–.49; see Supplemental Material S2).
The differences were nonsignificant for the remaining
words. Although [ʃip], [lɛg], and [fʊt] were nonsignificant,
these words presented with medium effect sizes. Addition-
ally, [saks] was also nonsignificant; however, it was pre-
sented with a large effect size (see Supplemental Material
S2). Using a Bonferroni correction, each follow-up ANOVA
was tested at an alpha level of .016 (.05/3; see Supplemental
Material S3). There were statistically significant differences
between children and adults on the first vowel duration for
words: “pig” ([pɪɡə]), “teeth” ([tit]), “fish” ([fɪʃ]), “thumb”
([tɔm]), “socks” ([sɔks]), “legs” ([lɛgz]), and “house” ([haʊs]).
Children produced all vowels longer than adults. Addition-
ally, significant differences between children and adults were
found for whole-word duration: “pig” ([pɪɡə]), “teeth” ([tit]),
“this” ([dɪs]), “socks” ([sɔks]), “legs” ([lɛgz]), and “house”
([haʊs]). For all words except “this” ([dɪs], child: M = 441 ms,
adult: M = 635 ms), children produced longer whole-word
duration than adults. Lastly, there were statistically signifi-
cant differences between children and adults on proportion
of vowel to words, with children producing longer duration:
“pig” ([pɪɡə]), “thumb” ([tɔm]), and “this” ([dɪs]).

Vowel, Whole-Word Duration, Vowel-to-Word
Proportion—English

The results of the MANOVA in English yielded signifi-
cant differences between the two groups, children and adults,
on the combined variables of vowel duration, whole-word
duration, and proportion of vowel to word duration for the
10 Journal of Speech, Language, and Hearing Research • 1–23

Downloaded from: https://pubs.asha.org Victoria McKenna on 12/29/2022
words “pig” ([pɪg], [pɪɡə]), “teeth” ([tit]), “fish” ([fɪʃ]), “this”
([ðɪs], [dɪs]), “socks” ([saks], [sɔks]), and “jam” ([dʒam]). These
words demonstrated large effect sizes (ηp

2 range: .11–.42; see
Supplemental Material S4). The differences were nonsignifi-
cant for the remaining words. Although nonsignificant, the
following words ([van], [tɔm]) had medium effect sizes. The
post hoc ANOVAs were tested at a .016 (.05/3) alpha level
with a Bonferroni correction (see Supplemental Material S5).
Significant differences were found between children and
adults on vowel duration for the words “teeth” ([tit]), “fish”
([fɪʃ]), and “socks” ([saks], [sɔks]). All children produced
vowels longer than the adults. Additionally, significant differ-
ences between children and adults were found for whole-
word duration: “teeth” ([tit]), “this” ([ðɪs], [dɪs]), and “socks”
([sɔks]). Children produced words longer than adults for all
words except for “this,” which adults produced with longer
duration ([ðɪs], child M = 246 ms, adult M = 588 ms; [dɪs],
child M = 337 ms, adult M = 635 ms). Lastly, there were
statistically significant differences between children and
adults on the proportion of vowel to word for the words
“pig” ([pɪɡə]), “fish” ([fɪʃ]), and “this” ([ðɪs], [dɪs]). Again, the
proportion duration was mostly longer for children than
adults, except for the words “pig” ([pɪɡə], child M = 463 ms,
adult M = 498 ms) and “this” ([ðɪs], [dɪs], child M = 110 ms,
adult M = 240 ms), which were produced longer by adults.

RQ2. Do Acoustic Duration Patterns of
Preschoolers’ Productions in JC Differ
From Their Productions in English?

A Wilcoxon signed-ranks test was conducted to
determine the effect of language on VOT, vowel duration,
whole-word acoustic duration, and the proportion for
vowel to whole-word duration measurements. Effect sizes
were calculated (r = Z/√N; Rosenthal, 1993) and inter-
preted using Cohen’s (1988) original conventions of small
(r = .10–.30), medium (r = .30–.50), and large (r = .50–
1.00) effect sizes. There was a statistically significant dif-
ference between the two languages (p < .05) for the vowel
duration of the words “moon,” “this,” and “sheep”:
“moon” ([mun]) n = 78, z = 2.24, p = .025, r = .25, indic-
ative of small effect size; “this” ([dɪs]) n = 30, z = 2.52,
p = .012, r = .46, indicative of medium effect size; and
“sheep” ([ʃip]) n = 57, z = 2.30, p = .021, r = .31, indica-
tive of medium effect size. For the few statistically signifi-
cant differences found in vowel duration, JC was longer
than English. Vowel duration for [mun] was longer in JC
(M = 370 ms, Mdn = 363 ms) than in English (M = 337
ms, Mdn = 313 ms). For the word variation [dɪs], vowel
duration was longer in JC (M = 156 ms, Mdn = 137 ms)
than in English (M = 108 ms, Mdn = 91 ms). There was
also a statistically significant decrease for [ʃip], with vowel
duration being longer in JC (M = 264 ms, Mdn = 252 ms)
than in English (M = 230 ms, Mdn = 204 ms).
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A statistically significant difference was also found for
the vowel-to-whole-word proportion measure for “sheep”
([ʃip]) n = 57, z = 2.66, p = .008, r = .35, indicative of medium
effect size. The proportion was longer in JC (M = 409 ms,
Mdn = 395 ms) than in English (M = 367 ms, Mdn =
355 ms). There were no statistically significant differences
between the median of the remaining words for vowel duration,
VOT, or whole-word duration in the languages (p > .050).

RQ3. What Is the Relationship Between
Preschoolers’ Contextual Factors (e.g., Age,
Sex, and Language Exposure and Use)
and Acoustic Patterns of Durations (VOT,
Whole-Word Duration, and Vowel Duration)
in JC and English?

Separate mixed-effects multiple regression models were
used in each language to determine the effects of sex, age,
%language exposure, and %language use on the acoustic pat-
terns of durations as dependent variables (VOT, vowel, whole
word, and vowel-to-whole-word proportion), with participants
as random predictors. Responses coded as errors (i.e., responses
not linguistically or phonetically included within the DEAP
protocols) were excluded from these models. Fixed factors were
included as covariates to control for their effect on the duration
measures; however, our main focus was the contextual factors,
and thus, post hoc testing was not completed for covariates.

VOT—JC
The mixed-effects multiple regression analysis for VOT in

JC included voicing and POA as covariate fixed factors. The lin-
ear mixed-effects analysis revealed that the variables accounted
for 31.84% of the variance in the VOT values (R2

adj = .32). The
contextual factors of sex, age, %language exposure, and %lan-
guage use were not significant. POA, voicing, and the
Table 2. Voice onset time linear mixed-effects analysis in Jamaican Cre
%language use, and place of articulation (POA) and voicing as independe

Variable Coef. SE Coef. t

Age 0.09 0.45 0.20
Sex (female)a 1.35 3.22 0.42
%Language exposure 0.09 0.15 0.63
%Language use −0.10 0.16 −0.61
POAb

Alveolar 13.36 3.59 3.72
Bilabial −22.93 3.49 −6.57

Voicing (voiced)c −26.53 2.60 −10.20
POA × Voicing
Alveolar voiced −0.39 3.60 −0.11
Bilabial voiced −8.15 3.49 −2.34

Note. Coef. = coefficient; SE Coef. = standard error of the coefficient.
aMale as the reference variable. bVelar as the reference variable. cVoiceles

*Effect size interpreted for statistical significance (p < .05), an em dash w
nonsignificant finding (p < .05).
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interaction between POA × Voicing were significant predictors
of VOT JC with medium (ηp

2 = .07), large (ηp
2 = .14), and

small (ηp
2 = .01) effect sizes, respectively (see Table 2).

Vowel Duration—JC
The mixed-effects multiple regression model for vowel

duration in JC was completed with vowel duration as the
dependent variable, and vowel phoneme and voicing of the
consonant following the vowel as covariate fixed variables.
The voicing was based on the child’s production. The predic-
tors accounted for 49.84% of the variance for vowel duration
(R2

adj = .50). The contextual factors (sex, age, %language
exposure, and %language use) were not significant. The
vowel (p < .001) and voicing of the consonant following the
vowel (p < .001) were significant predictors. The effect size
was large for vowel (ηp

2 = .30) and medium for the voicing
of consonant following the vowel (ηp

2 = .10; see Table 3).

Whole-Word Duration—JC
For whole word in JC, the linear mixed-effects

model revealed that the predictor variables accounted for
39.26% of the variance of the whole-word measures
(R2

adj = .39). The contextual factors sex, age, %language
exposure, and %language use were not significant. The
manner of articulation was a significant predictor (p <
.001), with a large effect size (ηp

2 = .141; see Table 4).

Vowel-to-Word Proportion—JC
The mixed-effects analysis for the proportion of vowel

to whole-word duration in JC included manner of articulation
and voicing of the consonant after the vowel (i.e., CVC) as
fixed factors. A 39.59% of the variance (R2

adj = .40) was
accounted for by the predictor variables. None of the contex-
tual factors (sex, age, %language exposure, and %language
use) significantly predicted vowel-to-word proportion.
ole with age, sex, percentage of language (%language) exposure,
nt variables.

p ηp
2 Effect size interpretation

.84 < .001 —

.68 < .001 —

.53 .01 —

.55 .01 —

< .001* .02 Small
< .001* .06 Medium
< .001* .14 Large

.91 < .001 —

.02* .01 Small

s as the reference variable.

as inserted to indicate there was no effect size calculated due to a
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Table 3. Vowel duration linear mixed-effects analysis in Jamaican Creole with age, sex, percentage of language (%language) exposure,
%language use, vowel phoneme, and voicing of the following consonant as independent variables.

Variable Coef. SE Coef. t p ηp
2 Effect size interpretation

Age −0.90 0.90 −1.00 .32 .01 —
Sex (female)a 11.52 6.37 1.81 .07 .04 —
%Language exposure 0.26 0.30 0.88 .38 .01 —
%Language use −0.49 0.32 −1.55 .13 .03 —
Vowel phonemeb

a −52.10 7.31 −7.13 < .001* .04 Small
aɪ 96.30 8.94 10.77 < .001* .09 Medium
aʊ 115.15 15.00 7.68 < .001* .05 Small
ɑ −7.06 15.91 −0.44 .66 < .001 —
ɛ −69.20 12.44 −5.55 < .001* .03 Small
i 14.86 8.84 1.68 .09 < .001 —
iə 20.10 18.41 1.10 .27 < .001 —
ɪ −75.92 7.88 −9.63 < .001* .07 Medium
o −50.06 50.11 −1.00 .32 < .001 —
ɔ −48.92 9.54 −5.13 < .001* .02 Small
ɔʊ 79.42 22.94 3.46 < .001* .01 Small
u 27.20 10.19 2.67 .01* .01 Small

Voicing of consonant (voiced)c 36.18 3.12 11.59 < .001* .10 Medium

Note. Coef. = coefficient; SE Coef. = standard error of the coefficient.
aMale as reference variable. b[ʊ] as reference variable. cVoiceless as reference variable.

*Effect size interpreted for statistical significance (p < .05), an em dash was inserted to indicate there was no effect size calculated due to a
nonsignificant finding (p < .05).
Manner of articulation and voicing of the consonant follow-
ing the vowel were significant predictors (p < .001) with large
effect sizes (ηp

2 = .18 and ηp
2 = .14, respectively; see Table 5).

VOT—English
Similarly, in English, the linear mixed-effects analy-

sis for VOT was conducted with VOT as the dependent
variable and voicing and POA were included as fixed fac-
tors. The linear mixed-effects analysis revealed that the pre-
dictor variables accounted for 38.22% of the variance in
the VOT values (R2

adj = .38; see Table 6). Like VOT in JC,
the contextual factors sex, age, %language exposure, and
Table 4. Whole-word linear mixed-effects analysis in Jamaican Creole w
guage use, and manner of articulation as independent variables.

Variable Coef. SE Coef. t

Age −1.98 1.87 −1.06
Sex (female)a 16.23 13.28 1.22
%Language exposure 0.38 0.62 0.62
%Language use −1.22 0.67 −1.83
Manner of articulationb

Affricates −95.99 18.01 −5.33
Nonstrident fricatives −10.78 9.72 −1.11
Glides 88.58 17.81 4.99
Laterals −7.99 19.81 −0.40
Nasals 53.04 13.36 3.97
Stridents 80.58 13.47 5.98

Note. Coef. = coefficient; SE Coef. = standard error of the coefficient.
aMale as the reference variable. bPlosives as the reference variable.

*Effect size interpreted for statistical significance (p < .05), an em dash w
nonsignificant finding (p < .05).
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%language use were not significant. Additionally, POA,
voicing, and the interaction between POA × Voicing were
significant predictors with medium (ηp

2 = .10), large (ηp
2 =

.17), and small (ηp
2 = .01) effect sizes, respectively.

Vowel Duration—English
The mixed-effects model for vowel duration was

conducted with vowel duration as the dependent variable
and vowel and voicing of the consonant following the
vowel as covariate fixed variables. The variables accounted
for 53.05% of the variance for vowel duration (R2

adj = .53).
The contextual factor %language use (p = .036) and the
ith age, sex, percentage of language (%language) exposure, %lan-

p ηp
2 Effect size interpretation

.29 .01 —

.23 .02 —

.54 < .001 —

.07 .04 —

< .001* .02 Small
.27 < .001 —

< .001* .02 Small
.69 < .001 —

< .001* .01 Small
< .001* .03 Small

as inserted to indicate there was no effect size calculated due to a
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Table 5. The proportion of vowel to word duration linear mixed-effects analysis in Jamaican Creole with age, sex, percentage of language
(%language) exposure, %language use, manner of articulation, and voicing of the following consonant as independent variables.

Variable Coef. SE Coef. t p ηp
2

Effect size
interpretation

Age −0.22 0.77 −0.29 .78 < .001 —
Sex (female)a 9.36 5.46 1.76 .08 .04 —
%Language exposure 0.15 0.25 0.61 .55 < .001 —
%Language use −0.03 0.27 −0.01 .92 < .001 —
Manner of articulationb

Affricates −16.79 13.08 −1.28 .20 < .001 —
Nonstrident fricatives 4.87 6.75 0.72 .48 < .001 —
Glides −92.58 13.00 −7.12 < .001* .04 Small
Laterals −39.11 13.99 −2.80 .01* .01 Small
Nasals 105.52 9.32 11.32 < .001* .09 Medium
Stridents −38.40 9.88 −3.91 < .001* .01 Medium

Voicing of consonant (voiced)c 56.23 3.98 14.14 < .001* .14 Medium

Note. Coef. = coefficient; SE Coef. = standard error of the coefficient.
aMale as the reference variable. bPlosives as the reference variable. cVoiceless as the reference variable.

*Effect size interpreted for statistical significance (p < .05), an em dash was inserted to indicate there was no effect size calculated due to a
nonsignificant finding (p < .05).
covariate factors vowel (p < .001) and voicing of the consonant
following the vowel (p < .001) were significant predictors (see
Table 7). The effect size was small for %language use (ηp

2 =
.05), large for the vowel phoneme (ηp

2 = .34), and medium for
voicing of consonant following the vowel (ηp

2 = .10).

Whole-Word Duration—English
The mixed-effects analysis for whole word included

manner of articulation as a fixed factor. The analysis
revealed that the predictor variables accounted for 34.60%
of the variance in the whole-word measures in English
(R2

adj = .35). The %language use was a significant predictor
in English with a small effect size (ηp

2 = .05; see Table 8).
Manner of articulation was also a significant predictor in
English, with a large effect size (ηp

2 = .11).
Table 6. Voice onset time linear mixed-effects analysis in English with ag
use, place of articulation (POA), and voicing as independent variables.

Variable Coef. SE Coef.

Age −0.23 0.46 −
Sex (female)a −0.02 3.27 −
%Language exposure 0.09 0.17
%Language use 0.07 0.17
POAb

Alveolar 18.57 3.41
Bilabial −26.88 3.30 −

Voicing (voiced)c −0.03 0.003 −1
POA × Voicing
Alveolar voiced 5.11 3.41
Bilabial voiced −9.10 3.30 −

Note. Coef. = coefficient; SE Coef. = standard error of the coefficient.
aMale as the reference variable. bVelar as the reference variable. cVoiceles

*Effect size interpreted for statistical significance (p < .05), an em dash w
nonsignificant finding (p < .05).
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Vowel-to-Word Proportion—English
The mixed-effects analysis for the proportion of

vowel to whole-word duration included manner of articu-
lation and voicing of the consonant after the vowel as
covariate fixed factors. The predictor variables accounted
for 39.98% of the variance (R2

adj = .40). None of the con-
textual factors (sex, age, %language exposure, and %lan-
guage use) were significant predictors. Manner of articula-
tion and voicing of the consonant following the vowel
were significant predictors (p < .001) with large effect sizes
(ηp

2 = .19 and ηp
2 = .14, respectively; see Table 9). As

mentioned, post hoc analyses are not reported for the
fixed factors of the model because their inclusion in the
model was to control variance but was not of primary
interest.
e, sex, percentage of language (%language) exposure, %language

t p ηp
2

Effect size
interpretation

0.50 .62 < .001 —
0.01 .99 < .001 —
0.50 .62 < .001 —
0.42 .68 < .001 —

5.45 < .001* .04 Small
8.15 < .001* .09 Medium
1.95 < .001* .17 Large

1.50 < .001* < .001 Small
2.76 < .001* .01 Small

s as the reference variable.

as inserted to indicate there was no effect size calculated due to a
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Table 7. Vowel duration linear mixed-effects analysis in English with age, sex, percentage of language (%language) exposure, %language
use, vowel phoneme, and voicing of the following consonant as independent variables.

Variable Coef. SE Coef. t p ηp
2

Effect size
interpretation

Age −0.89 0.99 −0.92 .36 .01 —
Sex (female)a 3.17 7.02 0.44 .66 < .001 —
%Language exposure −0.26 0.37 −0.72 .47 .01 —
%Language use 0.77 0.36 2.13 .04* .05 Small
Vowel phonemeb

a −53.66 12.29 −4.37 < .001* .02 Small
æ −37.08 87.36 −0.43 .67 < .001 —
aɪ 79.25 12.93 6.12 < .001* .03 Small
aʊ 91.62 17.05 5.44 < .001* .02 Small
ɑ 27.62 18.36 1.50 .14 < .001 —
eɪ 70.18 87.36 0.80 .42 < .001 —
ɛ −84.87 15.38 −5.47 < .001* .02 Small
ɛə 2.85 87.34 0.03 .97 < .001 —
ɛɔ −76.80 62.54 −1.23 .22 < .001 —
i 16.88 13.47 1.24 .21 < .001 —
iə 142.39 28.74 4.96 < .001* .02 Small
ɪ −85.24 12.42 −6.88 < .001* .04 Small
ɔ −68.54 13.65 −5.04 < .001* .02 Small
ɔʊ 65.82 24.54 2.68 .01* .01 Small
ub −9.80 14.47 −0.70 .49 < .001 —

Voicing of following
consonant (voiced)c

36.54 3.07 11.94 < .001* .10 Medium

Note. Coef. = coefficient; SE Coef. = standard error of the coefficient.
aMale as the reference variable. b[ʊ] as the reference variable. cVoiceless as the reference variable.

*Effect size interpreted for statistical significance (p < .05), an em dash was inserted to indicate there was no effect size calculated due to a
nonsignificant finding (p < .05).
To allow for some comparison of the children’s dura-
tional parameters between the two languages, figures and a
table are included. Figure 1 illustrates the mean VOT values
by voicing and POA. Figure 2 provides a descriptive picture
of how vowel duration varied based on the voicing of the fol-
lowing consonant. Table 10 provides the average duration
for each vowel. Lastly, Figure 3 graphs whole-word duration
based on the manner of articulation and language.
Table 8. Whole-word linear mixed-effects analysis in English with age, se
and manner of articulation as independent variables.

Variable Coef. SE Coef.

Age −0.44 1.82 −
Sex (female)a 14.80 12.85
%Language exposure −0.88 0.68 −
%Language use 1.39 0.66
Manner of articulationb

Affricates −97.63 19.33 −
Nonstrident fricatives −29.94 10.01 −
Glides 97.15 19.34
Laterals 8.04 21.95
Nasals 36.17 14.30
Stridents 85.01 14.57

Note. Coef. = coefficient; SE Coef. = standard error of the coefficient.
aMale as the reference variable. bPlosives as the reference variable.

*Effect size interpreted for statistical significance (p < .05), an em dash w
nonsignificant finding (p < .05).
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Discussion

Limited normative data regarding the speech character-
istics for a wide range of bilingual populations make evaluat-
ing bilingual children difficult and put bilingual children at
risk for misdiagnosis. This study addressed this clinical prob-
lem by acoustically analyzing and characterizing VOT, vowel
duration, whole-word duration, and proportion of vowel to
x, percentage of language (%language) exposure, %language use,

t p ηp
2

Effect size
interpretation

0.24 .81 < .001 —
1.15 .25 .02 —
1.31 .20 .02 —
2.11 .04* .05 Small

5.05 < .001* .02 Small
2.99 < .001* .01 Small
5.02 < .001* .02 Small
0.37 .71 < .001 —
2.53 .01* .01 Small
5.84 < .001* .03 Small

as inserted to indicate there was no effect size calculated due to a
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Table 9. The proportion of vowel to word duration linear mixed-effects analysis in English with age, sex, percentage of language (%lan-
guage) exposure, %language use, vowel phoneme, and voicing of the following consonant as independent variables.

Variable Coef. SE Coef. t p ηp
2

Effect size
interpretation

Age −0.63 0.72 −0.87 .39 .01 —
Sex (female)a 0.27 5.08 0.05 .96 < .001 —
%Language exposure 0.13 0.27 0.49 .63 < .001 —
%Language use 0.17 0.26 0.65 .52 .01 —
Manner of articulationb

Affricates 1.64 13.23 0.12 .90 < .001 —
Nonstrident fricatives 12.79 6.54 1.96 .05* < .001 Small
Glides −91.84 12.94 −7.10 < .001* .04 Small
Laterals −78.46 14.73 −5.33 < .001* .02 Small
Nasals 107.49 9.31 11.55 < .001* .10 Medium
Stridents −34.13 10.34 −3.30 < .001* .01 Small

Voicing of consonant (voiced)c 59.77 4.10 14.58 < .001* .14 Large

Note. Coef. = coefficient; SE Coef. = standard error of the coefficient.
aMale as the reference variable. bPlosives as the reference variable. cVoiceless as the reference variable.

*Effect size interpreted for statistical significance (p < .05), an em dash was inserted to indicate there was no effect size calculated due to a
nonsignificant finding (p < .05).
word in typical 3- to 5-year-old JC-English–speaking bilingual
preschoolers. The acoustic methods used in this study can
contribute to the development of speech sound metrics for
improving the diagnostic accuracy in this population.

Our first RQ aimed to understand if children and
adults differed in their patterns of acoustic duration in JC
and English. Adults were included to guide our under-
standing of typical speech acoustic patterns for JC–
English speakers. Therefore, differences between children
Figure 1. Mean voice onset time (VOT) duration in seconds produced b
English and Jamaican Creole (JC). CI = confidence interval.
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and adults could be interpreted as developmental differ-
ences related to maturation and not to disorder. Significant
differences between children and adults were found for
VOT duration in JC and English, in addition to differences
between voiceless and voiced contexts. The differences
between voiced and voiceless consonants indicate the ability
for children to effectively produce phonemic voicing distinc-
tions (S. A. S. Lee & Iverson, 2017). However, the children
presented a larger variance in VOT duration than adults in
y children based on the voicing and place of articulation (POA) in
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Figure 2. Mean vowel duration in seconds produced by children based on the voicing of the following consonant. CI = confidence interval.
both voiced and voiceless plosives in JC and English (see
Table 1). These results are consistent with those of other stud-
ies (e.g., Tingley & Allen, 1975; Whiteside & Marshall, 2001;
including Korean-English–speaking children: S. A. S. Lee &
Iverson, 2012; Korean [Seoul dialect]–speaking children: Kim
& Stoel-Gammon, 2009; and Mandarin-speaking children:
Yang, 2018), which demonstrated that children’s motoric con-
trol related to VOT is still developing between the ages of 3
and 5 years. Therefore, we surmise that bilingual preschoolers
have established phonemic voicing distinctions but require fur-
ther maturation to approximate adult patterns.
Table 10. Children’s average vowel duration in milliseconds in
Jamaican Creole (JC) and English.

Vowel
phoneme

JC English

n Mean duration n Mean duration

aʊ 39 395 47 378
aɪ 140 376 171 365
ɔʊ 15 359 16 352
u 100 307 91 276
iə 25 230 11 429
i 173 294 151 303
ɑ 34 272 36 314
ɔ 116 231 119 217
ɛɔ — — 2 209
ʊ 87 230 77 205
o 3 229 — —
a 303 227 290 233
ɛ 62 210 73 202
ɪ 213 204 249 201
æ — — 1 249

Note. Em dashes (—) indicate no response for phoneme.
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Similar characteristics, such as the distinction between
voiced and voiceless plosives (Nakai & Scobbie, 2016), is
commonplace among languages (Cho & Ladefoged, 1999)
and thus was expected. However, the range of acceptable
VOT durations vary depending on the spoken language
(Lisker & Abramson, 1964) and can change across lan-
guages or may share similar features. For example, JC
adult speakers in this study consistently exhibited prevoi-
cing for voiced plosives. This pattern contrasts with that
documented in the prior literature for some speakers of
American English (Lisker & Abramson, 1964). That said,
this characteristic observed in JC adult speakers may be
more in line with speakers of certain dialects of American
English (Ryalls et al., 1997). Our current study showed a
large amount of variation in voiced plosive productions
for children in both English and JC, with inconsistent pre-
voicing patterns. The large variance in the children’s
voiced VOT duration may illustrate articulatory and vocal
maturation patterns or cross-linguistic influence. For
voiced plosives, prevoicing requires more advanced mus-
cular control (mainly needed for complex velopharyngeal
closure and sustaining appropriate transglottal pressure
during laryngeal closure) than is needed when producing a
voiced plosive with a short positive VOT, which require
maintaining complete velopharyngeal closure (Auzou
et al., 2000; Kewley-Port & Preston, 1974). VOT voicing
contrast requires the coordination of different systems
(e.g., articulatory, phonatory, and respiratory), which
include the abduction and adduction of vocal folds, con-
striction and closure of the velopharyngeal port, closure
and opening of the lips, oral pressure build-up and release,
, Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions 



Figure 3. Mean whole-word duration in seconds produced by children based on the initial consonant’s manner of articulation in Jamaican
Creole (JC) and English. CI = confidence interval.
and lowering of the mandible (Moore, 2004). The time of
acquisition for prevoicing has been inconsistently reported
in monolingual children (Kehoe & Kannathasan, 2021).
Some studies with bilingual child participants have docu-
mented patterns of voicing transfer from one language to
another, showed delays in acquiring prevoicing, or did not
demonstrate possible cross-linguistic patterns (Kehoe &
Kannathasan, 2021). Additionally, it has been proposed
that the later acquisition of prevoicing is attributed to
learning strategies by children (Kim & Stoel-Gammon,
2009). These may be reasons that the children in this study
have not yet mastered the prevoicing skill that other chil-
dren have been reported to have mastered (e.g., 4-year-old
English-speaking children; Barton & Macken, 1980).

Previous literature has suggested that young mono-
lingual speakers of English demonstrate greater variability
with “voiceless” VOT (Lowenstein & Nittrouer, 2008), lead-
ing to a large range of productions that often overlap with
established voiced VOT ranges (Whiteside & Marshall, 2001;
Zlatin & Koenigsknecht, 1976). In this study, we also
observed a large range of voiceless VOT productions for
children across both JC and English, in which some chil-
dren produced prevoicing VOT for voiceless plosives. Pre-
voicing was determined by any voicing prior to the release
burst, whether the participants paused in voicing during
prevoicing was not tracked for our sample. Our findings
demonstrate maturational trends in the mastery of voice-
less VOT, as demonstrated by higher variability in voiced
VOT. This trend is also expected in monolingual children
(Lowenstein & Nittrouer, 2008). However, more work is
Downloaded from: https://pubs.asha.org Victoria McKenna on 12/29/2022
needed in this area and would be valuable to better under-
stand developmental trajectories across both populations
that may be considered universal and for language-specific
trends (Kim & Stoel-Gammon, 2009).

Additional evidence that children within this age
range are developing speech motor refinement was found
through differences between children’s and adults’ whole-
word and vowel duration. Specifically, nearly 58% of the
words in JC and English showed differences. The observed
differences in whole-word duration can signal difficulties
in producing some phonemes in specific phonotactic condi-
tions for children in this age range (e.g., later developing)
due to the necessary motoric coordination and precision.
For example, many of the words with significant differ-
ences between child and adult productions contained frica-
tives in word-final position (i.e., fish, this, legs, and house).
Fricatives are generally acquired later in childhood and
involve advanced articulatory coordination (Namasivayam
et al., 2020). Some words also included consonant clusters
in the final position (i.e., socks, legs). Although consonant
clusters in the final position have been found to be acquired
early in childhood for some populations (e.g., typically
developing English-speaking monolingual children), individ-
ual variability remains frequent (see McLeod et al., 2001).
Variability in child participants’ production of consonant
clusters may have impacted the significant differences found
from the adults’ productions. Lastly, the nonsignificant
effect sizes point to a difference between adults and chil-
dren for variable vowel duration, whole-word duration,
and proportion of vowel to word duration. However, the
León et al.: Duration Patterns in Jamaican Bilingual Children 17
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sample sizes for both adult and child groups may have not
been large enough to demonstrate significance. The differ-
ence between the groups may be best explored with larger
sample sizes to understand its true significance.

The second RQ investigated whether children’s
acoustic duration patterns aligned between JC and
English. It is of interest to determine the presence of
cross-linguistic effects because language systems may inter-
act differently in diverse, bilingual profiles (e.g., accelera-
tion, delay, and transfer; Paradis & Genesee, 1996). We
found few statistically significant differences between the
durational characteristics of JC and English. For the dif-
ferences found (e.g., vowel duration of [mun]), the dura-
tion was longer in JC than in English. Our data also
showed that the vowel-to-word-duration proportions were
similar for both languages. Phonologically, it seems possi-
ble to interpret that these results suggest similar trajectory
patterns or language “rules” (e.g., sonority-based patterns)
in JC and English for these bilingual speakers. Another
possibility is a strong cross-linguistic interaction between
the languages for these bilingual speakers.

A possible explanation for not finding many differ-
ences between the languages may be that features of the
post-Creole continuum result in similar durational patterns
or motor control maturation trajectories in both languages.
The continuum allows for shared production features, espe-
cially if speakers prefer using acceptable productions
toward the “middle” of the continuum. Cross-linguistic
effects can be observed through overlapping durational pat-
terns across languages. S. A. S. Lee and Iverson (2012) dis-
cussed a similar finding in one of their simultaneous bilin-
gual groups, suggesting that their similar (albeit not
merged) speech productions across languages may be due
to less exposure/experience to their second spoken language.
Furthermore, in sharing a similar motor schema, JC–
English speakers do not need to broadly distinguish dura-
tion to abide by both languages’ linguistic parameters.

The third RQ sought to examine the presence of a
relationship between preschoolers’ contextual factors (age,
sex, language exposure, and language use) and their
acoustic patterns of durations in JC and in English. This
question incorporated some personal contextual factors
informed by the ICF-CY framework (WHO, 2007).
Results in both languages determined that age, sex, and
%language exposure were not significant variables in the
mixed-effects models for each acoustic parameter (VOT,
vowel, and whole-word duration). However, %language
use was found to be a significant predictor in vowel and
whole-word duration in English. Our model showed that
for every increase in %language use, we may find an
8-ms difference in whole-word duration. This suggests
that a 10% increase in language use could result in an
80-ms increase in whole-word duration. This duration
difference could likely be due to lengthened vowel
18 Journal of Speech, Language, and Hearing Research • 1–23

Downloaded from: https://pubs.asha.org Victoria McKenna on 12/29/2022
duration and could be perceived auditorily. Depending
on the vowel, the increased vowel length could align
more with values expected in Jamaican, American, or
British English. For example, e.g., /a, ɑ, u:/ were found
to be longer in child speakers of American English,
whereas /i:/ was longer in child speakers of Jamaican
English (Coy & Watson, 2020).

Additionally, although differences in duration can
be expected by age and sex in older populations, signifi-
cant differences were not found in our sample. Although
this result was unexpected, it is consistent with those of
other studies that suggest that some age ranges (Jacewicz
et al., 2011) and sex (S. Lee et al., 1999; Whiteside &
Marshall, 2001) may not be significant variables in chil-
dren’s durational patterns, such as vowel duration. The
possibility exists that these variables would have more sig-
nificant implications in a larger sample size consisting of a
wider age range. It should be noted that %language use
was a significant predictor for vowel and whole-word
duration in English. However, it had a small effect size,
and thus, not only is its relationship with vowel and
whole-word duration limited, but its clinical relevance
may also be minimal.

In addition to analyzing relationships between con-
textual factors and durational measures, this RQ also
allowed us to analyze the preschoolers’ durational charac-
teristics in each language separately (see Figures 1, 2, and
3). It also allowed some comparison with other studies.
However, it should be noted that direct comparison is dif-
ficult due to differences in methodology. For example,
House (1961) described the [ɪ] [ɛ] [ʊ] [ʌ] vowels in English
as having the shortest average duration. Although their
data were collected from nonsense utterances and only by
adult male speakers, we also found [ɪ], [ɛ], and [ʊ] had the
shortest duration in English for our sample of pre-
schoolers. Our sample did not produce the vowel [ʌ] in
English or JC. In JC, preschoolers produced [ɪ] and [ɛ]
with the shortest duration. However, [ʊ] was not among
the shortest produced vowels and was produced longer
than in English, indicating that [ʊ] is lengthened in JC.

A subgroup of the participants in the 5-year-old age
range in this study was compared with a same-age partici-
pant group from the Khattab (2000) study. This compari-
son allowed us to determine that the JC–English bilingual
participants aged 5;0–5;6 from this study produced voice-
less plosives (/p/: 63 ms, /t/: 79 ms, /k/: 78 ms), similar to
a 5;5 monolingual English speaker’s values described by
Khattab (2000; /p/: 52 ms, /t/: 75 ms /k/: 62 ms). However,
the voiced plosive values produced by JC–English bilin-
gual participants aged 5;0–5;6 from this study were notice-
ably different (/b/: −21 ms, /d/: 51 ms, /g/: 39 ms) than the
speaker from the Khattab (2000) study (/b/: −5 ms, /d/:
9 ms, /g/: 17 ms). Particularly the /b/, which was produced
within a prevoicing range by the participants in this study.
, Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions 



As previously mentioned, our results indicate prevoicing is
a typical acoustic feature of the post-Creole continuum.

This study provided an opportunity to advance the
knowledge base of durational patterns in this bilingual
context. Our results provide insight as to what may be
typical of JC-English–speaking preschoolers. First, that
JC-English–speaking bilingual children aged 3–5 years
may have mastered voicing distinction for plosive conso-
nants. Nevertheless, they continue to develop vocal and
articulatory systems that need precise time coordination
for productions, and therefore, their durational values
have not entirely approximated that of adults. Second, the
duration characteristics are produced similarly across lan-
guages. This can indicate shared motor control trajecto-
ries. Third, the contextual factor of %language use was a
significant predictor of the children’s vowel and whole-
word duration in English. However, other contextual fac-
tors of age, sex, and language exposure did not signifi-
cantly impact children’s durational values in either JC or
English. Furthermore, linguistic–motor interactions were
observed, such as the duration of a vowel being affected
by the voicing of the consonant that follows it (e.g., the
significant statistical effect found for vowel and voicing of
the following consonant for vowel duration). These dura-
tional patterns are a foundation for establishing normative
acoustic data for this understudied bilingual typology. Addi-
tionally, we found similar acoustic patterns across languages
in children and adults. These were important findings that
supported the conceptual premise of cross-linguistic transfer,
or to an interaction between languages, for these bilingual
speakers as evidenced in acoustic patterns.

Limitations and Future Directions

The findings reported in this research are subject to at
least four limitations. First, it was beyond the scope of this
research to use different parameters to acoustically analyze
the speech samples (e.g., F2 and F3 describe the tongue posi-
tion in the oral cavity and useful for describing vowels;
Neel, 2010), which could enrich the current acoustic norma-
tive. Measuring and accounting for the participants’ speak-
ing rate would also be beneficial as it can impact the dura-
tion of segments, such as vowels (Coy & Watson, 2020).
This study followed the protocol of a larger study (Jamai-
can Creole Language Project) that involved previously
established measures and single-word responses. Repeti-
tions of segments, including vowels, could enhance the
description of acoustic characteristics and account for
individual variability (Vorperian & Kent, 2007). This
study included word response criteria that excluded pho-
nemes such as the vowel /e/ and consonants in labiodental,
interdental, palatal, and glottal POA. Future studies
should therefore expand the phonemes assessed and
include their repetition. Second, although simultaneous
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bilinguals are representative of the Jamaican demographic
population, it would be of value to include other bilingual
typologies (e.g., sequential bilinguals), which would
expand the generalizability of the results. Third, adults did
not undergo formal hearing or language assessments for
inclusion in this study. Although self-reported, formal
hearing screening would be beneficial because hearing loss
can impact the duration parameters measured (e.g., VOT
voicing distinction). Future work might also include
increasing the number of participants, especially other age
ranges, such as a larger 3-year-old range, and more male
adults, in the sample. Although the 4- and 5-year-old sam-
ple was relatively balanced, the sample of 3-year-old chil-
dren was small and may have impacted the age analysis.
Cisgender female adult anatomy (i.e., laryngeal and vocal
tract) is closer in similarity to children’s than cisgender
males. Therefore, including more males would be helpful to
explore whether their inclusion would impact the overall
durational values observed and other results. It should also
be noted that although the demographic questionnaires
allowed for information to be written, a binary female/male
option was included and, therefore, did not likely measure
possible differences in participants’ gender groups (Johnson
et al., 2009). Additionally, the nonsignificant medium and
large effect sizes observed may have been influenced by the
smaller adult sample size (RQ1), and therefore, an increase
in the adult sample size could result in significant differences
not found in this study. Fourth, a pertinent progression fol-
lowing the characterization of typical acoustic patterns
would be to include children who present with SSD charac-
teristics. This comparison could lead to distinguishing atypi-
cal patterns of speech sound productions in this population
and improving the diagnostic accuracy of SSDs.

Clinical Implications and Conclusions

This study provides an innovative approach to cate-
gorizing speech sound productions in an understudied
bilingual population. The findings can provide practical
and theoretical support for understanding the impact of
contextual factors (i.e., sex, age, language exposure, and
use) for this bilingual population and their speech devel-
opment. Findings may also be relevant to other bilingual
populations and typologies such as simultaneous bilingual
speakers of language pairings with a shared linguistic
foundation or Creole languages.

The inclusion of acoustic duration measures and
analyses contributes to understanding articulatory and
vocal motor patterns of preschool-age JC-English–speaking
bilingual children. This study’s characterization of dura-
tional patterns is not exhaustive; however, it is an initial
step in developing speech acoustic models. Acoustic anal-
yses are beneficial when working with bilingual children
because they offer a more objective description of speech
León et al.: Duration Patterns in Jamaican Bilingual Children 19
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than traditional perceptual measures. It should be recognized
that, for acoustic analysis to be clinically feasible, a more
timely and automatic recognition system may be needed.

The subtle differences found in this sample of pre-
schoolers are important to understand, especially in their
bilingual environment. The possibility of transfer between
JC and English in Jamaican speakers has important clini-
cal implications (see Karem & Washington, 2021). Previ-
ous findings demonstrated increased variability in lexical
production in these speakers as measured using acoustic
means (León et al., 2022). We now know that we may
also expect minimal acoustic distinction in duration fea-
tures in bilingual speakers using either JC or English.
Although part of typical bilingual development, differ-
ences in speech production compared with monolingual
speech patterns may be misinterpreted as characteristic of
SSD and thus lead to misdiagnosis (Hambly et al., 2013).
This observation gives credence to the importance of
establishing normative data from large data sets and com-
paring speech skills to bilingual data sets, when possible,
instead of solely monolingual skills.

Although significant effects were not found for the
%language exposure, it should be remembered that bilin-
gualism is fluid. Bilingual status has been shown to
change over time, depending on the exposure of the two
languages (McLeod et al., 2017). It is important to gain
information on the language environment for a holistic
and thorough understanding of bilingual children’s speech
skills and utilize culturally responsive approaches (i.e.,
adult participants from the same linguistic community) to
inform their speech patterns.

This study presented duration characteristics that
can serve as a foundation for normative data in JC-
English–speaking preschoolers. This is important because it
can lead to the adaptation of clinical assessment methods to
match the expectations of typical speakers from this popula-
tion and reduce bilingual misdiagnosis. It is also important
clinically because it can support SLPs’ understanding of
how post-Creole characteristics may be reflected in other
languages, such as lengthening vowels or other segments.
Data Availability Statement

The data sets generated and analyzed during this
study are not publicly available due to privacy and ethical
concerns. For more information, please contact the corre-
sponding author.
Acknowledgments

The first author is a recipient of the U.S. Department
of Education OSEP Preparation of Special Education and
20 Journal of Speech, Language, and Hearing Research • 1–23

Downloaded from: https://pubs.asha.org Victoria McKenna on 12/29/2022
Early Intervention grant that funds her doctoral studies.
The second author is a lead faculty member on this
grant with salary support provided. The research pre-
sented was supported by an Endowment to the Jamaican
Creole Language Project and partially funded by the
National Institute on Deafness and Other Commu-
nication Disorders (R21DC018170-01A1). The second
author also receives salary support from the National
Institute on Deafness and Other Communication Disor-
ders (R21DC018170-01A1). This article is a component
of a doctoral dissertation completed at the University of
Cincinnati by the first author under the direction of the
second author as PhD advisor and the remaining authors
as dissertation committee members. The first author would
like to acknowledge the contributions provided by Lesley
Raisor-Becker, in addition to Leslie Kokotek, Megan
Miller, Hailey Spencer, and other PedLLS Lab research
assistants. Finally, the authors would like to thank the
families, children, Laura and Richard Kretschmer, the
Jamaican Language Unit, and other contributors who sup-
ported and participated in this study.
References

Abu El Adas, S., Washington, K. N., Sosa, A., Harel, D., &
McAllister, T. (2020). Variability across repeated productions
in bilingual children speaking Jamaican Creole and English.
International Journal of Speech-Language Pathology, 22(6),
648–659. https://doi.org/10.1080/17549507.2020.1843712

Adi, Y., Keshet, J., Dmitrieva, O., & Goldrick, M. (2016). Auto-
matic measurement of voice onset time and prevoicing using
recurrent neural networks. In Proceedings of the Annual Con-
ference of the International Speech Communication Association,
INTERSPEECH (Vol 8, pp. 3152–3155). https://doi.org/10.
21437/Interspeech.2016-893

Auszmann, A., & Neuberger, T. (2014). Age- and gender-related
differences in formant structure during the stabilization pro-
cess of vowels. In J. Emonds & M. Janebová (Eds.), Proceed-
ings of the Olomouc linguistics colloquium 2014. Olomouc mod-
ern language series (Vol. 5, pp. 663–676).

Auzou, P., Ozsancak, C., Morris, R. J., Jan, M., Eustache, F., &
Hannequin, D. (2000). Voice onset time in aphasia, apraxia of
speech and dysarthria: A review. Clinical Linguistics & Phonet-
ics, 14(2), 131–150. https://doi.org/10.1080/026992000298878

Barton, D., & Macken, M. A. (1980). An instrumental analysis of
the voicing contrast in word-initial stops in the speech of four-
year-old English-speaking children. Language and Speech,
23(2), 159–169. https://doi.org/10.1177/002383098002300203

Boersma, P., & Weenink, D. (2018). Praat: Doing phonetics by
computer (6.0. 37) [Computer software]. Institute of Phonetic
Sciences.

Boyce, S. E. (1990). Coarticulatory organization for lip rounding
in Turkish and English. The Journal of the Acoustical Society
of America, 88(6), 2584–2595. https://doi.org/10.1121/1.400349

Cho, T., & Ladefoged, P. (1999). Variation and universals in
VOT: Evidence from 18 languages. Journal of Phonetics,
27(2), 207–229. https://doi.org/10.1006/jpho.1999.0094

Cohen, J. (1988). Statistical power analysis for the behavioral sci-
ences (2nd ed.). Erlbaum. https://doi.org/10.4324/9780203771587
, Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions 

https://doi.org/10.1080/17549507.2020.1843712
https://doi.org/10.21437/Interspeech.2016-893
https://doi.org/10.21437/Interspeech.2016-893
https://doi.org/10.1080/026992000298878
https://doi.org/10.1177/002383098002300203
https://doi.org/10.1121/1.400349
https://doi.org/10.1006/jpho.1999.0094
https://doi.org/10.4324/9780203771587


Coy, A., & Watson, S. (2020). Acoustic similarity of inner and
outer circle varieties of child-produced English vowels. Journal
of Speech, Language, and Hearing Research, 63(3), 722–737.
https://doi.org/10.1044/2019_JSLHR-19-00179

Dib, M. (2019). The English phonological system. In M. Dib
(Ed.), Automatic speech recognition of Arabic phonemes with-
neural networks: A contrastive study of Arabic and English
(pp. 21–30). Springer. https://doi.org/10.1007/978-3-319-97710-2_3

Docherty, G. (2011). The timing of voicing in British English obstru-
ents. Walter de Gruyter. https://doi.org/10.1515/9783110872637

Dodane, C., & Bijeljic-Babic, R. (2017). Cross-language influences
in the productions of bilingual children: Separation or interac-
tion. In M. Yavas, M. Kehoe, & W. Cardoso (Eds.),
Romance-Germanic bilingual phonology (pp. 38–55). Equinox.

Dodd, B., Hua, Z., Crosbie, S., Holm, A., & Ozanne, A. (2006).
Diagnostic Evaluation of Articulation and Phonology. Harcourt
Assessment.

Ehrler, D. J., & McGhee, R. L. (2008). Primary Test of Nonverbal
Intelligence. Pro-Ed.

Fabiano-Smith, L., & Bunta, F. (2012). Voice onset time of voice-
less bilabial and velar stops in 3-year-old bilingual children and
their age-matched monolingual peers. Clinical Linguistics & Phonet-
ics, 26(2), 148–163. https://doi.org/10.3109/02699206.2011.595526

Flege, J. E. (1995). Second-language speech learning: Theory,
findings, and problems. In W. Strange (Ed.), Speech percep-
tion and linguistic experience: Issues in cross-language research
(pp. 233–272). York Press.

Gamer, M., Lemon, J., Fellows, I., & Singh, P. (2019). Irr: Various
coefficients of interrater reliability and agreement. R package
version 0.84.1. [Computer software]. https://CRAN.R-project.
org/package=irr

Hambly, H., Wren, Y., McLeod, S., & Roulstone, S. (2013). The
influence of bilingualism on speech production: A systematic
review. International Journal of Language & Communication Disor-
ders, 48(1), 1–24. https://doi.org/10.1111/j.1460-6984.2012.00178.x

Hedlund, G., & Rose, Y. (2020). Phon 3.1. https://phon.ca
Holm, A., Dodd, B., & Ozanne, A. (1997). Efficacy of interven-

tion for a bilingual child making articulation and phonolo-
gical errors. International Journal of Bilingualism, 1(1), 55–69.
https://doi.org/10.1177/136700699700100105

Holt, Y. F., Jacewicz, E., & Fox, R. A. (2015). Variation in
vowel duration among southern African American English
speakers. American Journal of Speech-Language Pathology,
24(3), 460–469. https://doi.org/10.1044/2015_AJSLP-14-0186

House, A. S. (1961). On vowel duration in English. The Journal
of the Acoustical Society of America, 33(9), 1174–1178. https://
doi.org/10.1121/1.1908941

Irvine-Sobers, G. A. (2018). The acrolect in Jamaica: The architecture
of phonological variation (studies in Caribbean languages 1).
Language Science Press. https://doi.org/10.5281/zenodo.1306618

Ishikawa, K., MacAuslan, J., & Boyce, S. (2017). Toward clinical appli-
cation of landmark-based speech analysis: Landmark expression
in normal adult speech. The Journal of the Acoustical Society of
America, 142(5), EL441–EL447. https://doi.org/10.1121/1.5009687

Jacewicz, E., Fox, R. A., & Salmons, J. (2011). Regional dialect
variation in the vowel systems of typically developing children.
Journal of Speech, Language, and Hearing Research, 54(2),
448–470. https://doi.org/10.1044/1092-4388(2010/10-0161)

Jamaican Language Unit. (2009). Writing Jamaican the Jamaican
way. Arawak.

Johnson, J. L., Greaves, L., & Repta, R. (2009). Better science
with sex and gender: Facilitating the use of a sex and gender-
based analysis in health research. International Journal for Equity
in Health, 8, Article 14. https://doi.org/10.1186/1475-9276-8-14
Downloaded from: https://pubs.asha.org Victoria McKenna on 12/29/2022
Karem, R. W., & Washington, K. N. (2021). The cultural and
diagnostic appropriateness of standardized assessments for
dual language learners: A focus on Jamaican preschoolers.
Language, Speech, and Hearing Services in Schools, 52(3),
807–826. https://doi.org/10.1044/2021_LSHSS-20-00106

Kehoe, M. (2022). The prosody of two-syllable words in French-
speaking monolingual and bilingual children: A focus on initial
accent and final accent. Language and Speech, 65(2), 444–471.
https://doi.org/10.1177/00238309211030312

Kehoe, M., & Kannathasan, K. (2021). Development of voice onset
time in monolingual and bilingual French-speaking children.
Lingua, 252, 102937. https://doi.org/10.1016/j.lingua.2020.102937

Kehoe, M., Lleó, C., & Rakow, M. (2004). Voice onset time in
bilingual German–Spanish children. Bilingualism, Language, and
Cognition, 7(1), 71–88. https://doi.org/10.1017/S1366728904001282

Kent, R. D. (1976). Anatomical and neuromuscular maturation
of the speech mechanism: Evidence from acoustic studies.
Journal of Speech and Hearing Research, 19(3), 421–447.
https://doi.org/10.1044/jshr.1903.421

Kent, R. D. (1996). Hearing and believing. American Journal of
Speech-Language Pathology, 5(3), 7–23. https://doi.org/10.1044/
1058-0360.0503.07

Kent, R. D., & Kim, Y. J. (2003). Toward an acoustic typology
of motor speech disorders. Clinical Linguistics & Phonetics,
17(6), 427–445. https://doi.org/10.1080/0269920031000086248

Kent, R. D., & Rountrey, C. (2020). What acoustic studies tell us
about vowels in developing and disordered speech. American
Journal of Speech-Language Pathology, 29(3), 1749–1778.
https://doi.org/10.1044/2020_AJSLP-19-00178

Kewley-Port, D., & Preston, M. S. (1974). Early apical stop pro-
duction, a voice onset time analysis. Journal of Phonetics,
2(3), 195–210. https://doi.org/10.1016/S0095-4470(19)31270-7

Khattab, G. (2000). VOT production in English and Arabic bilingual
and monolingual children. Leeds Working Papers in Linguistics
and Phonetics, 8, 95–122. https://doi.org/10.1075/cilt.230.03kha

Kim, M., & Stoel-Gammon, C. (2009). The acquisition of
Korean word-initial stops. The Journal of the Acoustical Soci-
ety of America, 125(6), 3950–3961. https://doi.org/10.1121/1.
3123402

Koo, T. K., & Li, M. Y. (2016). A guideline of selecting and
reporting intraclass correlation coefficients for reliability
research. Journal of Chiropractic Medicine, 15(2), 155–163.
https://doi.org/10.1016/j.jcm.2016.02.012

Lee, S., Potamianos, A., & Narayanan, S. (1999). Acoustics of
children’s speech: Developmental changes of temporal and
spectral parameters. The Journal of the Acoustical Society of
America, 105(3), 1455–1468. https://doi.org/10.1121/1.426686

Lee, S. A. S., & Iverson, G. K. (2012). Stop consonant produc-
tions of Korean–English bilingual children. Bilingualism: Lan-
guage and Cognition, 15(2), 275–287. https://doi.org/10.1017/
S1366728911000083

Lee, S. A. S., & Iverson, G. K. (2017). The emergence of phonetic
categories in Korean–English bilingual children. Journal of
Child Language, 44(6), 1485–1515. https://doi.org/10.1017/
S0305000916000659

León, M., Washington, K. N., Fritz, K. A., Leon, M., Basinger,
M., & Crowe, K. (2021). Intelligibility in Context Scale: Sensi-
tivity and specificity in the Jamaican context. Clinical Linguis-
tics & Phonetics, 35(2), 154–171. https://doi.org/10.1080/
02699206.2020.1766574

León, M., Washington, K. N., McKenna, V. S., Crowe, K., &
Fritz, K. A. (2022). Linguistically-informed acoustic and per-
ceptual analysis of bilingual children’s speech productions: An
exploratory study in the Jamaican context. Journal of Speech,
León et al.: Duration Patterns in Jamaican Bilingual Children 21

, Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions 

https://doi.org/10.1044/2019_JSLHR-19-00179
https://doi.org/10.1007/978-3-319-97710-2_3
https://doi.org/10.1515/9783110872637
https://doi.org/10.3109/02699206.2011.595526
https://CRAN.R-project.org/package=irr
https://CRAN.R-project.org/package=irr
https://doi.org/10.1111/j.1460-6984.2012.00178.x
https://phon.ca
https://doi.org/10.1177/136700699700100105
https://doi.org/10.1044/2015_AJSLP-14-0186
https://doi.org/10.1121/1.1908941
https://doi.org/10.1121/1.1908941
https://doi.org/10.5281/zenodo.1306618
https://doi.org/10.1121/1.5009687
https://doi.org/10.1044/1092-4388(2010/10-0161)
https://doi.org/10.1186/1475-9276-8-14
https://doi.org/10.1044/2021_LSHSS-20-00106
https://doi.org/10.1177/00238309211030312
https://doi.org/10.1016/j.lingua.2020.102937
https://doi.org/10.1017/S1366728904001282
https://doi.org/10.1044/jshr.1903.421
https://doi.org/10.1044/1058-0360.0503.07
https://doi.org/10.1044/1058-0360.0503.07
https://doi.org/10.1080/0269920031000086248
https://doi.org/10.1044/2020_AJSLP-19-00178
https://doi.org/10.1016/S0095-4470(19)31270-7
https://doi.org/10.1075/cilt.230.03kha
https://doi.org/10.1121/1.3123402
https://doi.org/10.1121/1.3123402
https://doi.org/10.1016/j.jcm.2016.02.012
https://doi.org/10.1121/1.426686
https://doi.org/10.1017/S1366728911000083
https://doi.org/10.1017/S1366728911000083
https://doi.org/10.1017/S0305000916000659
https://doi.org/10.1017/S0305000916000659
https://doi.org/10.1080/02699206.2020.1766574
https://doi.org/10.1080/02699206.2020.1766574


Language, and Hearing Research, 65(7), 2490–2509. https://
doi.org/10.1044/2022_JSLHR-21-00386

Lisker, L., & Abramson, A. S. (1964). A cross-language study
of voicing in initial stops: Acoustical measurements. WORD,
20(3), 384–422. https://doi.org/10.1080/00437956.1964.11659830

Lisker, L., & Abramson, A. S. (1967). Some effects of context on
voice onset time in English stops. Language and Speech,
10(1), 1–28. https://doi.org/10.1177/002383096701000101

Lowenstein, J. H., & Nittrouer, S. (2008). Patterns of acquisition
of native voice onset time in English-learning children. The
Journal of the Acoustical Society of America, 124(2), 1180–
1191. https://doi.org/10.1121/1.2945118

Lundeborg, I., Larsson, M., Wiman, S., & McAllister, A. M.
(2012). Voice onset time in Swedish children and adults.
Logopedics Phoniatrics Vocology, 37(3), 117–122. https://doi.
org/10.3109/14015439.2012.664654

MacLeod, A. A. (2016). Phonetic and phonological perspectives
on the acquisition of voice onset time by French-speaking
children. Clinical Linguistics & Phonetics, 30(8), 584–598.
https://doi.org/10.3109/02699206.2016.1152509

Macrae, T., Robb, M. P., & Gillon, G. T. (2010). Acoustic analy-
sis of word and segment duration in children with speech sound
disorder. Asia Pacific Journal of Speech, Language and Hearing,
13(2), 77–86. https://doi.org/10.1179/136132810805335100

Manuel, S. Y. (1987). Output constraints and cross-language dif-
ferences in coarticulation. The Journal of the Acoustical Society
of America, 82(S1), S115–S115. https://doi.org/10.1121/1.2024600

McAllister Byun, T., & Rose, Y. (2016). Analyzing clinical pho-
nological data using Phon. Seminars in Speech and Language,
37(2), 85–105. https://doi.org/10.1055/s-0036-1580741

McLeod, S., Harrison, L. J., & McCormack, J. (2012a). Intellig-
ibility in Context Scale. Charles Sturt University. http://www.
csu.edu.au/research/multilingual-speech/ics

McLeod, S., Harrison, L. J., & McCormack, J. (2012b). Mezha
fi omoch ada piipl kyan andastan di pikni: Jamiekan [Intellig-
ibility in Context Scale: Jamaican Creole] (K. N. Washington
& H. Devonish, trans.). Charles Sturt University. https://cdn.
csu.edu.au/__data/assets/pdf_file/0003/1059519/ICS-Jamaican-
Creole.pdf

McLeod, S., van Doorn, J., & Reed, V. A. (2001). Normal acqui-
sition of consonant clusters. American Journal of Speech-
Language Pathology, 10(2), 99–110. https://doi.org/10.1044/
1058-0360(2001/011)

McLeod, S., Verdon, S., Baker, E., Ball, M. J., Ballard, E.,
David, A. B., Bernhardt, B. M., Bérubé, D., Blumenthal, M.,
Bowen, C., Brosseau-Lapré, F., Bunta, F., Crowe, K., Cruz-
Ferreira, M., Davis, B., Fox-Boyer, A., Gildersleeve-Neumann,
C., Grech, H., Goldstein, B., . . . Zharkova, N. (2017). Tuto-
rial: Speech assessment for multilingual children who do not
speak the same language(s) as the speech-language patholo-
gist. American Journal of Speech-Language Pathology, 26(3),
691–708. https://doi.org/10.1044/2017_AJSLP-15-0161

Moore, C. A. (2004). Physiologic development of speech production.
In B. Maassen, R. D. Kent, H. F. M. Peters, P. H. H. M. van
Lieshout, & W. Hulstijn (Eds.), Speech motor control in normal
and disordered speech (pp. 191–209). Oxford University Press.

Nakai, S., & Scobbie, J. M. (2016). The VOT category boundary
in word-initial stops: Counter-evidence against rate normaliza-
tion in English spontaneous speech. Laboratory Phonology,
7(1), 1–31. https://doi.org/10.5334/labphon.49

Namasivayam, A. K., Coleman, D., O’Dwyer, A., & van Lieshout,
P. (2020). Speech sound disorders in children: An articulatory
phonology perspective. Frontiers in Psychology, 10, Article
2998. https://doi.org/10.3389/fpsyg.2019.02998
22 Journal of Speech, Language, and Hearing Research • 1–23

Downloaded from: https://pubs.asha.org Victoria McKenna on 12/29/2022
Neel, A. T. (2010). Using acoustic phonetics in clinical practice.
SIG 5 Perspectives on Speech Science and Orofacial Disorders,
20(1), 14–24. https://doi.org/10.1044/ssod20.1.14

Oh, E. (2011). Effects of speaker gender on voice onset time in
Korean stops. Journal of Phonetics, 39(1), 59–67. https://doi.
org/10.1016/j.wocn.2010.11.002

Paradis, J., & Genesee, F. (1996). Syntactic acquisition in bilin-
gual children. Studies in Second Language Acquisition, 18(1),
1–25. https://doi.org/10.1017/S0272263100014662

Pépiot, E. (2015). Voice, speech and gender: Male–female acous-
tic differences and cross-language variation in English and
French speakers. Corela, 268, 1–13. https://doi.org/10.4000/
corela.3783

Ronquest, R. E. (2012). An acoustic analysis of heritage Spanish
vowels [Unpublished doctoral dissertation, Indiana University].

Rosenthal, R. (1993). Parametric measures of effect size. In H.
Cooper & L. V. Hedges (Eds.), The handbook of research syn-
thesis (2nd ed., pp. 231–244). Russell Sage Foundation.

Ryalls, J., Zipprer, A., & Baldauff, P. (1997). A preliminary
investigation of the effects of gender and race on voice onset
time. Journal of Speech, Language, and Hearing Research,
40(3), 642–645. https://doi.org/10.1044/jslhr.4003.642

Shriberg, L. D., Kwiatkowski, J., & Hoffmann, K. (1984). A pro-
cedure for phonetic transcription by consensus. Journal of
Speech and Hearing Research, 27(3), 456–465. https://doi.org/
10.1044/jshr.2703.456

Simpson, A. P. (2009). Phonetic differences between male and
female speech. Language and Linguistics Compass, 3(2), 621–640.
https://doi.org/10.1111/j.1749-818X.2009.00125.x

Smith, B. L. (1992). Relationships between duration and tempo-
ral variability in children’s speech. The Journal of the Acousti-
cal Society of America, 91(4), 2165–2174. https://doi.org/10.
1121/1.403675

Speights Atkins, M., Washington, K., Silbert, N., MacAuslan, J.,
Tuhohy, S., Blades, R., Donaldson, M., Ungruhe, J., &
Swanson, K. (2017). Towards automated detection of similarities
and differences in bilingual speakers. Proceedings of Meetings on
Acoustics, 31(1), 060006. https://doi.org/10.1121/2.0000982

Srinivasan, N. (2018). Acoustic analysis of English vowels by
young Spanish–English bilingual language learners [Doctoral
dissertation, The George Washington University]. ProQuest
Dissertations and Theses. http://www.proquest.com/docview/
2051460148/abstract/983F7E7313B349B8PQ/1

Swartz, B. L. (1992). Gender difference in voice onset time. Per-
ceptual and Motor Skills, 75(3), 983–992. https://doi.org/10.
2466/pms.1992.75.3.983

Tingley, B. M., & Allen, G. D. (1975). Development of speech
timing control in children. Child Development, 46(1), 186–194.
https://doi.org/10.2307/1128847

U.S. Census Bureau. (2017). American community survey 1-year
estimates. https://data.census.gov/table?q=2017+foreign&tid=
ACSDT1Y2017.C05006&y=2017&vintage=

Vorperian, H. K., & Kent, R. D. (2007). Vowel acoustic space
development in children: A synthesis of acoustic and anatomic
data. Journal of Speech, Language, and Hearing Research,
50(6), 1510–1545. https://doi.org/10.1044/1092-4388(2007/104)

Washington, K. N., McDonald, M. M., McLeod, S., Crowe, K.,
& Devonish, H. (2017). Validation of the Intelligibility in Con-
text Scale for Jamaican Creole–speaking preschoolers. American
Journal of Speech-Language Pathology, 26(3), 750–761. https://
doi.org/10.1044/2016_AJSLP-15-0103

Washington, K. N., Westby, C., Fritz, K., Crowe, K., Karem,
R. W., & Basinger, M. (2021). The narrative competence of
bilingual Jamaican Creole– and English-speaking preschoolers.
, Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions 

https://doi.org/10.1044/2022_JSLHR-21-00386
https://doi.org/10.1044/2022_JSLHR-21-00386
https://doi.org/10.1080/00437956.1964.11659830
https://doi.org/10.1177/002383096701000101
https://doi.org/10.1121/1.2945118
https://doi.org/10.3109/14015439.2012.664654
https://doi.org/10.3109/14015439.2012.664654
https://doi.org/10.3109/02699206.2016.1152509
https://doi.org/10.1179/136132810805335100
https://doi.org/10.1121/1.2024600
https://doi.org/10.1055/s-0036-1580741
http://www.csu.edu.au/research/multilingual-speech/ics
http://www.csu.edu.au/research/multilingual-speech/ics
https://cdn.csu.edu.au/__data/assets/pdf_file/0003/1059519/ICS-JamaicanCreole.pdf
https://cdn.csu.edu.au/__data/assets/pdf_file/0003/1059519/ICS-JamaicanCreole.pdf
https://cdn.csu.edu.au/__data/assets/pdf_file/0003/1059519/ICS-JamaicanCreole.pdf
https://doi.org/10.1044/1058-0360(2001/011)
https://doi.org/10.1044/1058-0360(2001/011)
https://doi.org/10.1044/2017_AJSLP-15-0161
https://doi.org/10.5334/labphon.49
https://doi.org/10.3389/fpsyg.2019.02998
https://doi.org/10.1044/ssod20.1.14
https://doi.org/10.1016/j.wocn.2010.11.002
https://doi.org/10.1016/j.wocn.2010.11.002
https://doi.org/10.1017/S0272263100014662
https://doi.org/10.4000/corela.3783
https://doi.org/10.4000/corela.3783
https://doi.org/10.1044/jslhr.4003.642
https://doi.org/10.1044/jshr.2703.456
https://doi.org/10.1044/jshr.2703.456
https://doi.org/10.1111/j.1749-818X.2009.00125.x
https://doi.org/10.1121/1.403675
https://doi.org/10.1121/1.403675
https://doi.org/10.1121/2.0000982
http://www.proquest.com/docview/2051460148/abstract/983F7E7313B349B8PQ/1
http://www.proquest.com/docview/2051460148/abstract/983F7E7313B349B8PQ/1
https://doi.org/10.2466/pms.1992.75.3.983
https://doi.org/10.2466/pms.1992.75.3.983
https://doi.org/10.2307/1128847
https://data.census.gov/table?q=2017+foreign&tid=ACSDT1Y2017.C05006&y=2017&vintage=
https://data.census.gov/table?q=2017+foreign&tid=ACSDT1Y2017.C05006&y=2017&vintage=
https://doi.org/10.1044/1092-4388(2007/104)
https://doi.org/10.1044/2016_AJSLP-15-0103
https://doi.org/10.1044/2016_AJSLP-15-0103


Language, Speech, and Hearing Services in Schools, 52(1), 317–
334. https://doi.org/10.1044/2020_LSHSS-20-00013

Westby, C., & Washington, K. N. (2017). Using the International
Classification of Functioning, Disability and Health in assess-
ment and intervention of school-aged children with language
impairments. Language, Speech, and Hearing Services in Schools,
48(3), 137–152. https://doi.org/10.1044/2017_LSHSS-16-0037

Whiteside, S. P., & Marshall, J. (2001). Developmental trends in
voice onset time: Some evidence for sex differences. Phonetica,
58(3), 196–210. https://doi.org/10.1159/000056199

World Health Organization. (2007). International Classification of
Functioning, Disability and Health: Children & Youth Version:
ICF-CY.
Downloaded from: https://pubs.asha.org Victoria McKenna on 12/29/2022
Yang, J. (2018). Development of stop consonants in three- to six-
year-old Mandarin-speaking children. Journal of Child Language,
45(5), 1091–1115. https://doi.org/10.1017/S0305000918000090

Zeigler, K., & Camarota, S. A. (2019). 67.3 million in the United
States spoke a foreign language at home in 2018. Center for
Immigration Studies. ProQuest Dissertations and Theses.
https://cis.org/Report/673-Million-United-States-Spoke-Foreign-
Language-Home-2018

Zlatin, M. A., & Koenigsknecht, R. A. (1976). Development
of the voicing contrast: A comparison of voice onset time
in stop perception and production. Journal of Speech and
Hearing Research, 19(1), 93–111. https://doi.org/10.1044/jshr.
1901.93
León et al.: Duration Patterns in Jamaican Bilingual Children 23

, Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions 

https://doi.org/10.1044/2020_LSHSS-20-00013
https://doi.org/10.1044/2017_LSHSS-16-0037
https://doi.org/10.1159/000056199
https://doi.org/10.1017/S0305000918000090
https://cis.org/Report/673-Million-United-States-Spoke-Foreign-Language-Home-2018
https://cis.org/Report/673-Million-United-States-Spoke-Foreign-Language-Home-2018
https://doi.org/10.1044/jshr.1901.93
https://doi.org/10.1044/jshr.1901.93

