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Abstract

Aims: (1) Determine the difference in vocal fry phonation in English and Spanish productions
among bilingual young adults, (2) Characterize the effect of spoken language and native language
on vocal fry production among English-Spanish bilingual speakers, (3) Identify the effect of

first and second language knowledge of the listener in the voice perceptual assessment, and (4)
Define the effect of the environment of the assessment (in situ vs. online), in the voice perceptual
assessment.

Method: Exploratory cross-sectional study of 34 bilingual (Spanish-English) speakers and six
inexperienced listeners. Participating speakers produced two speech samples (one in English
and one in Spanish). Six inexperienced monolingual and bilingual listeners performed the voice
perceptual assessment of vocal fry, General grade of hoarseness, and Roughness using a 4-point
rating scale.

Results: Bilingual speakers used vocal fry more often when they were speaking in English
(around 3%) compared with their production in Spanish (around 2%). Bilingual native English
speakers used vocal fry more often during their productions in both languages compared with
bilingual native Spanish speakers. Bilingual listeners had the highest agreement when identifying
vocal fry in both languages.

Conclusions: Differences in production of vocal fry between native speakers of American
English and native speakers of Spanish may be evidence of transferring of vocal behavior (such as
vocal fry) from one language to the second one. In addition, being a bilingual listener may have an
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important effect on the perceptual identification of voice quality in English and Spanish, as well as
vocal fry in English.

Keywords
perceptual assessment of voice; vocal fry; bilingualism

INTRODUCTION

According to the Center for Immigration Studies, almost 52% of the immigrant population
in the United States in 2014 came from Latin America (Camarota, 2016), where the

most common language is Spanish. This long-time immigration of native Spanish speakers
(dating from the 19t century with the Adams-Onis Treaty of 1819 with Spain, and the
Treaty of Guadalupe Hidalgo in 1848) has established Spanish as the most widely spoken
non-English language in the United States (Rumbaut & Massey, 2013). This increased
number of Spanish speakers in the United States may be one reason for an increased number
of English-Spanish bilingual speakers. First, native Spanish speakers often learn English in
order to be able to communicate and adjust to life in the United States (Gordon, 1964),
while the high exposure to Spanish in the United States likely motivates native English
speakers (born in the United States and without Hispanic roots) to also learn Spanish as a
second language (L2) to interact with monolingual Spanish speakers. Over the past decade,
research on bilingualism has become common and has increased our understanding of voice
production and perception among bilingual speakers, though rarely in a combined study.

Voice Production in Bilingual Speakers

Regarding voice production, previous studies on cognitive correlates, and speech and voice
production have found differences among bilingual speakers compared with monolingual
speakers (Adesope et al., 2010; Gunnerud et al., 2020; Hambly et al., 2013). Adesope (2010)
suggested that bilingual speakers appear to have a heightened metalinguistic awareness.
Therefore, bilingual speakers are more aware about differences in syntactic rules and
phonological systems across languages. Other research more focused on speech production
has reported differences in voice onset time (VOT) according to whether initial learning

of English (before 12 years old vs. after 12 years old) (Thornburgh & Ryalls, 1998)

or language spoken (English vs. Spanish) (Balukas & Koops, 2015), long-term average
spectrum (LTAS) among Catalan-Spanish bilingual speakers (Bruyninckx et al., 1994),

and fundamental frequency (fo) among bilingual English-Russian speakers (Altenberg &
Ferrand, 2006a), English-Cantonese speakers (Ng et al., 2012), and Welsh-English speakers
(Ordin & Mennen, 2017).

Understanding the production of speech and vocal behaviors acquired in the native language
(L1) during productions of the second one (L2) may be an indication of either code-
switching or a cross-linguistic influence. For example, there seems to be code-switching
with the mixing of two or more languages in discourse without changing listener or topic

(El Bolock et al., 2020; Poplack, 2001). Additionally, there can be a transfer of a vocal
production behavior (such as VOT) where the style of one language (e.g. Spanish) influences
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the standard production of a second learned language (e.g. English) (Balukas & Koops,
2015; Elias et al., 2017).

Nevertheless, there is a dearth of studies investigating the differences within vocal behaviors,
such as vocal fry (which is also a vocal register) among bilingual English-Spanish speakers.
Moreover, while VOT has indicated that a vocal behavior from one language can be
transferred to a second one (Balukas & Koops, 2015; Elias et al., 2017), vocal fry also seems
to have a strong American English component and may not translate. Additionally, vocal

fry may be such a language specific vocal behavior that, therefore, may contribute to an
increased (or decreased) occurrence of voice disorders among bilingual speakers. Previous
research has reported that bilingual English-Spanish speakers had slightly decreased
shimmer and increased HNR compared with monolingual English speakers (Cantor-Cutiva
et al., 2019), which may be interpreted as bilingual speakers having better quality voices.
Although, it is not clear which bilingualism-related factors contribute to these differences
between monolinguals and bilinguals, since vocal fry seems to be English specific (for
English-Spanish bilingual speakers), this could be one contributing factor.

Voice Perception in Bilingual Speakers

Regarding voice perception, the influence of listener variables (e.g., gender, language
proficiency) on the perceptual assessment of the voice of bilingual speakers have been
examined, though not as completely as bilingual production. One study showed no
significant distinctions between the ratings of monolinguals or bilinguals listeners when
assessing nasality between English and Spanish speech of bilingual children (Watterson et
al., 2013). Another study including Japanese and American listeners found no significant
differences between the Japanese and American listeners in the use of the Grade and
Roughness scales for the perceptual assessment of voice on monolingual English speakers
(YYamaguchi et al., 2003). In a study of monolingual and two different populations of
bilingual speakers rating the presence of disordered voice production on a group of 10
females, each with a mild, moderate, or severe voice disorder or with no voice disorder, one
bilingual population rated individuals with sever voice disordered more negatively than the
other bilingual population and the monolingual population (Altenberg & Ferrand, 2006b);
however the authors point out that the results indicate a potential cultural difference in
acceptability of poor voice quality rather than a bilingual difference in the perception of the
severity of voice quality itself. In terms of vocal fry perception, Crowhurst (2018) found
that while fry isn’t as common in Spanish production, vocal fry is a perceptually salient
linguistic feature for Spanish Speakers (Crowhurst, 2018). For this reason, vocal fry may
be a useful vocal behavior to assist in the study of bilingual English-Spanish speakers both
from the voice production and voice perception perspective.

Vocal Fry Production

Vocal fry production has been defined as the vocal register with fundamental frequency
values below 70 Hz, often described perceptually as a “creaky voice” or sounding similar

to the “popping of corn” (Blomgren et al., 1998; Hollien et al., 1966; McGlone & Shipp,
1971; Michel, 1968). Previous studies on vocal fry among native English speakers have
concluded that vocal fry may be used in communication as a syntactic cue, particularly since
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the occurrence of vocal fry seems to be more frequent at the end of paragraphs and sentences
(Davidson, 2019; Henton & Bladon, 1987; Kreiman, 1982; Redi & Shattuck-Hufnagel,
2001; Wolk et al., 2012). This placement may also offer paralinguistic information to the
listener about turn-taking during conversations (Ogden, 2001). Vocal fry has also been
suggested to have sociolinguistic purposes related to an expression of emotions (such as
surprise or admiration), a mark of hesitation (Carlson et al., 2006), or (in the case of females
using it) as a strategy to appear more masculine to move forward in a male-dominant society
(Parker & Borrie, 2018; Yuasa, 2010).

Studies on cross-linguistic influence have demonstrated that in bilingual speakers, a cross-
linguistic influence in lexical stress may occur in the transfer of articulatory patterns

from L1 (native language) to L2 (second language), which results in a foreign language
accent and affects individual phonemes and suprasegmental features (Bohn, 1995; Ellis &
Ellis, 1994; Flege, 1995; Strange, 1995; Wayland et al., 2006). Speakers of English as

a second language seem to learn to use production of vocal fry to offer cues to English
lexical stress (Gibson, 2017), whereas, speakers of Spanish as a second language transfer
the fry phonation to their productions in Spanish, where fry phonation is not common.
Nevertheless, it is still unknown how this transfer can happen and its consequences on voice
acoustic parameters and vocal health of bilingual speakers.

Few studies exist examining the occurrence of vocal fry among adult female speakers
exposed to two languages. Gibson et al (2017) showed a higher occurrence of fry phonation
when repeating English nonwords compared with the repetition of Spanish nonwords.
Consequently, vocal fry use was linked with lexical representations of the English language
(Gibson et al., 2017; Gibson & Summers, 2018). However, the speech material used in

the Gibson et al (2017) study was composed of nonwords in both English and Spanish,

and, consequently, may not be a good proxy of the conversational use of vocal fry among
bilingual English-Spanish speakers. Therefore, there is a need for studies that investigate the
occurrence of vocal fry among bilingual English-Spanish speakers in either conversational
or conversational-like contexts to identify the use of this vocal register in the daily
communication of bilingual English-Spanish speakers. This information will help to confirm
if the use of vocal fry is linked with linguistic or sociolinguistic motivations related to
representations of English. Moreover, it will also help to understand the possible variations
on vocal health of bilingual speakers associated with adaptations related with speaking a
second language. Important information considering that, for instance, bilingual speakers
could be misdiagnosed with roughness when using vocal fry in Spanish.

Although there are some indications about the influence of knowing/speaking a L2 on
voice production and perception, there is a dearth of studies investigating the differences
of voice production and perception (modal phonation and fry phonation) among bilingual
English-Spanish speakers. To the best of the authors knowledge, currently, it is not clear if
language knowledge influences perceptual identification of decreased voice quality, which
could cause misdiagnosis of a voice disorder in bilingual Spanish/English-speaking clients.

Therefore, in order to better understand these issues, the current cross-sectional study of
34 bilingual English-Spanish speakers and 6 inexperienced listeners was designed with the
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following four aims: (1) Determine the difference in vocal fry phonation in English and
Spanish productions among bilingual young adults, (2) Characterize the effect of spoken
language and native language on vocal fry production among English-Spanish bilingual
speakers, (3) Identify the effect of first and second language knowledge of the listener in the
voice perceptual assessment, and (4) Define the effect of the environment of the assessment
(in situ vs. online), in the voice perceptual assessment. While these aims are broad, a

broad look is necessary to expand the growing body of knowledge of voice production and
perception among bilingual English-Spanish speakers.

Design and Participants

This study was performed between the winter of 2017 and spring of 2018 under approval

of the Institutional Human Research Protection Program. English-Spanish bilingual speakers
were invited to participate in this cross-sectional study. Inclusion criteria for the speakers
was no history of hearing, speech of voice problems, as well as voice therapy. Within the
thirty-four bilingual English-Spanish speakers enrolled in this study, approximately 38%
were from Texas (n=13), 32% were from Midwestern United States (n= 8 from Michigan, 2
from Illinois, 2 from Ohio), 2 participants were from Florida, 1 from New Hampshire, and

1 from Georgia, around 15% from Latin-American countries (n=5 from Colombia and 1
from Mexico). Among the participating speakers, 13 were American native English speakers
(38%), whereas 21 were native Latin-American Spanish speakers (61%). Native English
speakers were those participants who reported having learned English first and then Spanish,
whereas native Spanish speakers learned Spanish first and then English. Gender distribution
among bilingual speakers was 22 females, 12 males, with a mean age of 24 y/o, SE= 1.13.

In addition, in order to assess the reliability of the classification used in this study of

native English and native Spanish speakers, a foreign “accentedness” assessment (Rogers
et al., 2006) was performed by two bilingual Spanish-English speakers (one native Spanish
speaker from Peru, and one native English speaker from Michigan, US). The listeners
evaluated the recorded Spanish and English samples (respectively) for foreign accent using
a 10-point scale (0= no accent, 9= very heavy accent). The raters were blind to the self-
reported native language of the participants. After the accent assessment, the agreement
between the self-report and the score of the listener was assessed by Receiver Operating
Characteristic (ROC) curves, whereby the area under the curve (AUC) would reflect the
level of accuracy by which the score of the listener agrees with the report of the participants.
An AUC of 0.5 would reflect a complete absence of any agreement, an AUC of 1 would
reflect a perfect agreement, and an AUC of 0.70-0.80 would be considered good accuracy
(Fawcett, 2006). The results of this analysis indicated good agreement between the self-
report and the listener score (AUC=0.7 for the English native speaker, and AUC=0.8 for the
Spanish native speaker). Therefore, it is likely that the participants were correctly classified
as native English and native Spanish speakers.

Participating listeners were undergraduate college students. Inclusion criteria for the
listeners was no previous experience on perceptual evaluation of voice and normal hearing
(self-reported). Six inexperienced listeners (2 monolinguals - 4 bilinguals; 5 females - 1
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male) were trained in the perceptual identification of vocal fry, with two dimensions of

the GRBAS Scale (G and R) also included. During training, we reviewed the definitions

of the dimensions, and provided accuracy feedback and anchor samples. After two training
sessions (with a duration of about 2 hours each), trained listeners judged all samples for
vocal fry, G score (general grade of hoarseness), and R score (roughness) using a 4-point
rating scale (O for normal, 1 for slight presence of the factor, 2 for moderate presence of the
factor, and 3 for severe presence of the factor).

Because previous research has reported that the environment where the judgements are made
influence the listener’s internal standards (Kreiman et al., 2007); listeners were located in
two different environments. In this study, we define environment based in three elements:
physical location, way to access the voice samples and way to receive the training. Four

out of six listeners (2 bilinguals and 2 monolinguals) participated in the study at the same
location where the experiment was run (in situ listeners) with in-person training. These
listeners had access to the audio-files played on two laptops located in a room with low
background noise conditions. The remaining 2 listeners (bilinguals) were in a different
location, participating in training online and performing their ratings at a distance (on/ine
Iisteners). These listeners had access to the audio-files online. Since 2 out of the 6 listeners
were in a different location, performance bias was likely. Performance bias may happen
when the investigators give more attention or feedback to one group of subjects in the study.
In order to avoid this bias, the first author was always present, either in person or available
online, when the listeners were performing their perceptual assessments. Therefore, all the
listeners received the same feedback.

Data collection procedures

Informed consent form and Questionnaire—At the beginning of the session,
participating speakers were invited to read and sign the informed consent form. After
signing the informed consent form, participating speakers filled out a short questionnaire
and recorded two voice samples (one in Spanish and on in English).

The questionnaire used for this study included questions on gender, age (socio-
demographics) and self-reported native language. Participants also reported if they have
had hearing, speech of voice problems, and if they received voice therapy.

Voice samples—~Participating speakers were asked to read aloud two texts, one in each
language. For this study, we used “The Rainbow Passage” (Fairbanks, 1960) for English
productions, and “El Caballero de la Armadura Oxidada” (The Knight in Rusty Armor,

a standardized text in Spanish) (Bermudez de Alvear, 2003) for the Spanish productions.
Both speech samples were produced nine times under different “virtual-simulated” acoustic
conditions. The order of production of each task (Spanish vs English), as well as the

order of presentation of the nine virtual-simulated scenarios, were randomized to control
for any unknown confounding variables related to task order. In this manuscript, we will
not analyze the effect of the “virtual-simulated” acoustic condition on vocal fry production
of the bilingual speakers, but all the samples will be included for the perceptual voice
assessment of the listeners. Each participating listener was requested to listen to 788 samples
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(9 conditions * 34 speakers * 2 languages * 30% of randomly repeated samples to assess
intra-rater reliability — 8 damaged repeated samples).

Equipment—The equipment used in this study has been reported in previous publications
on vocal fry among monolingual speakers (Cantor-Cutiva et al., 2017, 2018). We used

an omnidirectional microphone (M2211, NTi Audio, Tigard, OR, USA) placed at a fixed
distance of 30 cm from the mouth of the participant to record the speech samples. The
signal acquired by the microphone was split in two signals: the first output was for direct
recording and the second output for creating the virtual acoustic environment. The mixed
signal (virtual environment by combining three noise types and three reverberation times)
was played back to the participant using headphones (SRH840, Shure, Niles, IL, USA).

Percentage of automatic detected vocal fry—The production of vocal fry was
investigated across all the voice samples. The percentage of automatic detected vocal fry
was performed in four steps. The first two steps were reported in a previous study (Cantor-
Cutiva et al., 2017). First, by means of an analysis technique for the automatic detection

of vocal fry (Ishi et al., 2008)local power peaks were identified for deciding the possibility
of being vocal fry pulses. Second, the calculation of the ratio between the duration of the
segments recognized as vocal fry and the full voice sample duration (multiplied by 100) was
determined as the overall percentage of vocal fry in both speech samples (i.e., the Rainbow
Passage and EI Caballero de la Armadura Oxidada). Third, we calculated the time Dose (Dt)
to quantify the total time of the vocal folds’ vibration in seconds (Titze et al., 2003). The
time Dose percentage (Dt%) was calculated as the percentage of the total period of voicing
time over the total duration of the voice productions in both languages Spanish and English.
The voicing frames were determined by means of Praat 5.4/5.4.17 (Netherlands) using two
different criteria: (1) for the fundamental frequency, a lower bound of 30 Hz and an upper
bound of 400 Hz, and (2) a voicing threshold equal to 0.45, and silence threshold equal to
0.03. A frame was rated as unvoiced if it had an intensity below the voicing threshold or a
local peak below the silence threshold. Fourth, the percentage of vocal fry over the voiced
speech was calculated as the ratio of the overall vocal fry percentage and the time Dose
percentage (multiplied by 100).

Reliability of Percentage of automatic detected vocal fry—The perceptual
assessment of two bilingual English-Spanish trained listeners was used to assess the
reliability of the automatic method for the detection of vocal fry. After listening the
either the text in English (Rainbow Passage) or the text in Spanish (EI Caballero de la
Armadura Oxidada), trained listeners determined the presence or absence of vocal fry during
the production using a 4-point rating scale (0 to 3). Audio files of the speech samples
were randomly presented to the two listeners. For the statistical analysis, a dichotomous
variable was used with subjects having a score for persistence of vocal fry of one or
above considered to be subjects with vocal fry production. Assessment of intra-reliability
showed good intra-listener agreement for both listeners (kappa coefficient=0.7 for both).
Inter-reliability assessment shows moderate agreement (kappa coefficient=0.6). After the
perceptual assessment, the agreement between the automatic detection method of vocal
fry as independent variable with the perceptual identification of vocal fry was assessed
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by Receiver Operating Characteristic (ROC) curves, whereby the area under the curve
(AUC) reflects the level of accuracy by which the automatic detection method can detect
perceptually identified vocal fry. The results of this analysis indicated a good agreement
between the perceptual identification of vocal fry and the percentage of vocal fry calculated
by means of the automatic detection method (AUC=0.8). Therefore, we can conclude that
the automatic detection method was a good approach for the identification of occurrences of

fry.

Perceptual assessment of voice production—Audio files of the two texts (English
and Spanish) were randomly presented to the six listeners. All listeners performed their
ratings in a quiet room using the same type of headphones (SRH840, Shure, Niles, IL,
USA). Similar to a previous study (Cantor-Cutiva et al., 2018), all listeners were asked to
rate the presence or absence of vocal fry in the productions. For each audio file, the listeners
indicated if they perceived vocal fry in the speech production and, if so, how “persistent” it
was (from 0 to 3, with 0 being no vocal fry and 3 being persistent presence of vocal fry). In
addition, we requested the listeners to rate the overall grade of hoarseness (G) and roughness
(R) in all the voice samples (from 0 to 3, with 0 being no presence of the factor and 3 being
severe presence of the factor). These two factors are part of the five scores of the GRBAS
Scale (Yu et al., 2002). However, we only used G and R because these two dimensions have
been found to have high internal consistency in the GRBAS scale (de Bodt et al., 1997).

In order to avoid fatigue, listeners expended maximum one hour per session listening and
rating the voice samples.

Reliability—Intraclass correlation was used to assess the intra- and inter-listener agreement
among the participating raters. In order to maximize intra- and inter-listener reliability for
the perceptual assessment, all the listeners were trained by one experienced speech-language
pathologist (first author). For the intra-reliability assessment, 30% of the voice recordings
were randomly selected to be rated a second time by each rater. Therefore, each listener
listened to a total of 788 samples.

Statistical Analysis

SPSS 22 software was used for all statistical analysis. Considering the objectives of this
study, the statistical analysis was organized in two steps. First, analysis of bilingualism and
vocal fry production was performed. Second, we analyzed the effect of bilingualism on
voice perception.

For the analysis of the effect of bilingualism on vocal fry production, we assessed
differences in occurrence of vocal fry per language by means of the General Linear Model
Repeated Measures (GLM). This method (GLM) is recommended when the dataset included
the same measurement of each subject made several times. After, Shapiro-Wilk test was
used to assess normality of the dependent variable (percentage of vocal fry). As a final step,
Generalized Estimating Equations (GEES) were used to determine whether spoken language
was associated with vocal fry percentage. For the independent variables, those with a p-value
lower than 0.20 in the univariate analyses were included in the multivariate analysis in order
to avoid residual confounding (Maldonado & Greenland, 1993), and were only retained
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when the p-value reached the conventional level of significance of 0.05. The magnitude of
the association was expressed by the beta (B) and its standard error (SE).

For the analysis of the effect of bilingualism on voice perception, three dependent variables
and two independent variables were defined. The dependent variables were discrete
variables (from 0 to 3) and included: vocal fry, Grade, and Roughness. The independent
variables were dichotomous and included: listener’s language knowledge (yes-bilinguals,
no-monolinguals), and environment of the assessment (in situ, online). In the factor analysis,
we included the variable gender (male, female) as an independent variable. Our dataset
contained no missing values because the listeners rated all the samples. First, the Intraclass
correlation was calculated to assess the agreement within and between the perceptual
assessment by the raters (G and R scores and production of vocal fry). Second, a factor
analysis was performed to identify those factors that best explained the variance among

the perceptual ratings. Third, Generalized Estimating Equations (GEES) was used with a
multinomial distribution to determine if being a bilingual //stenerwas associated with the
perceptual identification of vocal fry, G score and R score in English and Spanish. The
magnitude of the association was expressed as the Beta, and its standard error (SE).

Bilingualism and vocal fry production

Occurrence of vocal fry in English and Spanish—The percentage of automatically
detected vocal fry in the voice frames in English and Spanish produced by English-Spanish
bilingual speakers is shown in figure 1. On average, participants produced vocal fry about
2.3% of their productions. Native English speakers more often used vocal fry during their
productions in both languages, English (mean= 4.6%; SE= 0.4) and Spanish (mean= 2.9%;
SE=0.3), compared with native Spanish speakers (mean in English = 1.9%; mean in Spanish
= 0.9%).

Differences in use of vocal fry in English and Spanish among bilingual young
adults—The results of the General Linear Model Repeated Measures (GLM) indicate a
statistically significant difference in the production of vocal fry in both English and Spanish
(F=274.38; p-value<0.01). Speakers more often used vocal fry when they were speaking

in English (mean=3%, SE=0.2) compared with their production in Spanish (mean=2%,
SE=0.1). In addition, significant differences were identified in the use of vocal fry between
native English bilingual speakers compared with native Spanish bilingual speakers.

Effect of spoken language on vocal fry production among English-Spanish
bilingual speakers—The univariate analysis of the association between language
spoken, gender, and age with the production of vocal fry showed that speaking Spanish
was associated with a reduction of 1.7% of production of vocal fry among bilingual
English-Spanish speakers. Since voice production is a multidimensional phenomenon, we
investigated the effect of age and gender on the production of vocal fry. No significant
association between either gender or age with the production of vocal fry were found
between the participating bilingual English-Spanish speakers (Table 1).
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Bilingualism and perceptual assessment of voice

Intra-Reliability of voice perceptual assessment—Table 2 shows that Intra-rater

reliability was less variable for judgments of vocal fry than judgments for Grade (G) and

Roughness (R) in English (intraclass correlation coefficient [ICC] R01= 0.91, R02= 0.88,
R03=0.69, R04= 0.32, R05= 0.80, R06= 0.70). One of the monolingual listeners got the

lowest ICC (R04), whereas one of the bilingual listeners got the highest ICC (R01).

Inter-Reliability of perceptual assessment of voice—Table 3 shows the results of
the intraclass correlation coefficients for Inter-rater reliability. The four bilingual listeners
had the highest agreement when identifying vocal fry in both languages (intraclass
correlation coefficient [ICC] English= 0.84, Spanish= 0.80). In contrast, bilingual listeners
had low reliability when identifying the overall grade of hoarseness (G) and roughness (R)
in English. The lowest Inter-rater reliability was found on the perception of the G score
among the two monolingual listeners (ICC English=0.02, Spanish= 0.17).

Factor analysis of bilingualism and perceptual assessment of voice quality—
Figures 2, 3 and 4 show the analysis of the factors that best explain the variance among

the perceptual ratings. The figures demonstrate that being a bilingual listener accounted for
approximately 50% of the variance for the three assessed aspects (Grade, Roughness, Vocal
fry). The second most important factor was the language spoken in the audio file (Rainbow
Passage vs. Caballero de la Armadura Oxidada), followed by location (in situ vs. online),
and gender of the listener (female vs. male).

Association between bilingualism and voice perceptual assessment—Table 4
shows the results of the association analysis by means of the Generalized Estimating
Equations between being a bilingual listener and the perceptual identification of overall
grade of vocal fry, hoarseness (G score), and roughness (R score). The results indicated

that bilingual listeners identified hoarseness and roughness in both languages (English and
Spanish), and vocal fry in English more often than monolingual listeners. These results
indicated that ratings in the G score (B=1.89 in English, and B=0.90 in Spanish), R score
(B=1.43 in English, and B=1.22 in Spanish) and perception of vocal fry (B=0.54) were
statistically higher among bilinguals than among monolinguals. There was not a statistically
significant association between being a bilingual listener and the perceptual identification of
vocal fry in Spanish.

DISCUSSION

In this study, we aimed to (1) Determine the difference in vocal fry phonation in English

and Spanish productions among bilingual young adults, (2) Characterize the effect of spoken
language and native language on vocal fry production among English-Spanish bilingual
speakers, (3) Identify the effect of first and second language knowledge of the listener in the
voice perceptual assessment, and (4) Define the effect of the environment of the assessment
(in situ vs. online), in the voice perceptual assessment. These broad aims provide a means to
expand the growing body of knowledge on voice production and perception among bilingual
English-Spanish speakers.
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Concerning the first and the second aim, production of vocal fry appears to be more
common in English compared with Spanish among bilingual young adults. These results
agree with previous studies. For example, Gibson et al (2017) found higher percentage of
vocal fry in English than in Spanish among adult female speakers exposed to two languages,
regardless of the proficiency in the second language (L2). Our results likely extend to

other languages as well; for example, Benoist-Lucy & Pillot-Loiseau (2013) reported a
significantly higher production of vocal fry in English than in French for bilingual speakers.

One explanation for the increased use of vocal fry in English among bilingual young adults
is the virtuous cycle hypothesis (Gibson et al., 2017), which states that vocal fry use might
simply be the result of being exposed to this vocal register. Therefore, bilingual speakers
will include in their lexical representations of English information like vocal fry even when
is not part of the sound system of this language. Gibson et al (2017) suggests that bilinguals
who are exposed (in some proportion) to both English and Spanish have higher use of vocal
fry in English than in Spanish because fry phonation would be “encoded in the English
lexical representations” of the speakers regardless of their proficiency in either language.
Therefore, production of vocal fry in English is not exclusively related to linguistic and
sociolinguistic purposes but it is associated with the lexical representation of English.

Another possible explanation for the increased use of vocal fry in English is a language-
dependency of the phonatory process. Considering “voice quality” as language-dependent
would imply that both intrinsic and extrinsic features, as defined by Laver (1987), should
be considered. Therefore, “voice quality” would be not only the product of specific
anatomic and physiologic characteristics of the speaker (intrinsic features), but also long-
term muscular adjustments of the vocal apparatus “acquired perhaps by social imitation”
(extrinsic features) (Laver, 1987). In this order of ideas, non-native English speakers learn
not just the supra-laryngeal settings (articulation) of English but also the laryngeal settings
(phonation) (Benoist-Lucy & Pillot-Loiseau, 2013). Since, it has been reported that a low
proportion of second-language adult-learners achieve “native-speaker competence” (Ho,
1986), it is likely that native Spanish speakers tend to produce vocal fry less often compared
with native English speakers. Future research is needed to confirm this hypothesis.

In the current study, bilingual native speakers of American English tend to produce vocal
fry in both English and Spanish more often than bilingual native speakers of Latin-American
Spanish. Since previous research has reported that learning a second language implies
transferring attributes from the first language to the second language (Kroll et al., 2012),

it would be expected that bilingual native English speakers would produce vocal fry more
often in English and Spanish than bilingual native Spanish speakers. Moreover, it would

be expected that bilingual native Spanish speakers would not produce vocal fry because its
use in Spanish in conversational contexts has not been reported (probably as a result of the
lack of use of this vocal register in Latin-American Spanish). Nevertheless, future studies
are needed, including other ways to assess a speaker’s proficiency in the second language to
confirm this hypothesis.

Concerning the third and fourth aims, results from the present study suggest that bilingual
listeners may have higher inter-reliability compared with monolinguals. When considering
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inter-rater reliability for the perceptual assessment of vocal fry, the bilingual listeners
appeared to have the highest agreement when identifying vocal fry in both languages,

with an ICC of 0.84 for English and 0.80 for Spanish compared to monolingual listeners’
ICC of 0.68 for English and 0.50 for Spanish. Previous research concluded that differences
in ratings among listeners are due to the listener’s trouble in isolating single aspects of

the voice (Ehrlich et al., 2018; Kreiman & Gerratt, 2000). Our results, along with that of
the previous study, suggest that bilingual listeners may have improved skills in language
processing. Nevertheless, future studies with larger number of listeners are advisable to
confirm this hypothesis.

The factor analysis conducted in the study indicates that being a bilingual listener accounted
for approximately 50% of the variance for vocal fry, general grade of hoarseness, and
roughness. Therefore, language knowledge accounted for a significant amount of the
variance for the perceptual identification of these three aspects of voice. Bilingual listeners
may have higher accuracy with perceptual identification of these perceptual parameters
due to their exposure to both languages. Hearing both Spanish and English in a variety of
contexts may assist bilingual listeners in being consciously aware of the vocal qualities of
each language. This is supported by findings from a recent study comparing the results of
a discrimination task for bilingual and monolingual speakers, in which bilingual children
performed significantly better than monolingual children in the discrimination task (Levi,
2018). The results suggest that bilingual children may have better voice processing due to
a bilingual advantage in the social aspect of speech perception, which may confirm that
bilingual listeners have improved skills in processing information about the speaker.

In the present study, we found that bilingual listeners identified higher incidences of
hoarseness (G) and roughness (R) in English and Spanish, as well as vocal fry in

English. This implies that bilingual listeners were more likely to perceptually identify these
qualities during their ratings, whether these identifications were accurate or not. Improved
performance on identifying these voice qualities, when compared to monolingual listeners,
suggests that the bilingual raters in the study may have better skills in identifying voice
production characteristics compared to the monolingual raters.

Another potential reason as to why bilingual listeners have higher accuracy in their
perceptual identification of voice may be related with neurological differences between
monolinguals and bilinguals. Results from a recent study indicate a greater signal change in
the left superior lobe for bilinguals (compared to monolinguals), suggesting that bilingual
speakers may have more effortful language processing (Coderre et al., 2016; Hayakawa &
Marian, 2019). For bilingual speakers, strong cognitive control is necessary in order to code
switch between languages, and the left dorsolateral prefrontal cortex is activated during this
process (DeLuca et al., 2019; Rodriguez-Fornells et al., 2006). Possible implications of this
increased language processing are that bilingual listeners seems to be able to identify more
advanced language cues than monolinguals.

There are some limitations in the current study that should be acknowledged. First, the
cross-sectional design does not allow insight into the causality of the reported associations.
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Therefore, we have no information on the relation over time between language spoken with
production of vocal fry and voice perception. Second, the small sample size of listeners

in our study does not allow generalization of the reported associations. Nevertheless, the
findings provide a valuable preliminary understanding, with further studies on larger sized
samples important to corroborate the current results. Third, personal data on bilingual
proficiency and native language (L1) relied on a questionnaire, but future studies should
include objective measures such as formal language tests. Fourth, the automatic detection
method does not provide the utterance of fry phonation, and, therefore, it was not possible
to locate the production of vocal fry within the speech material. Future studies are needed to
explore objectively the utterances’ location of vocal fry on connected speech in monolingual
and bilingual speakers. This information will allow to identify patterns of production of
vocal fry in different languages. Fifth, the methodological approach was not completely
representative of a conversational context, which limits the identification of either linguistic
or sociolinguistic motivations to use vocal fry related to representations of English. Future
studies are advisable to involve ecological approaches.

This study reported on the effects of a rater’s language knowledge on the ability to perceive
voice quality and vocal fry in bilingual speakers. The results of this study point out two
interesting features of the voice production of bilingual speakers. First, because of the
linguistic purpose of vocal fry in English, the high production of vocal fry in both languages
(English and Spanish) among native English speakers may indicate the code-switching effect
on these individuals. This aspect is of special interest for the analysis of voice quality in
bilingual speakers because it offers indications about the speech patterns in these speakers.
Moreover, differences in production of vocal fry between native speakers of American
English and native speakers of Spanish may be evidence of transferring of vocal behavior
(such as vocal fry) from one language to the second one. This information might be taken
into consideration when planning speech and voice therapies with bilingual speakers.

From the results, we can conclude that being a bilingual listener may have an important
effect on the perceptual identification of voice quality (G — hoarseness, R — roughness from
the GRBAS) in English and Spanish, as well as vocal fry in English. Information that might
have implications when planning speech and voice therapies with bilingual speakers and for
developing training programs in perceptual evaluation.
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Figure 2.
Factor analysis of variance of perceptually identified vocal fry.
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Figure 3.
Factor analysis of variance of Grade scores

J Woice. Author manuscript; available in PMC 2024 November 01.

Page 19



1duosnuey Joyiny 1duosnuepy Joyiny 1duosnuepy Joyiny

1duosnuey Joyiny

Cantor-Cutiva et al. Page 20

Gender of
listener
Environment
of the
assessment

17%
Being a
bilingual
listener

50%

Language
listened
25%

Figure 4.
Factor analysis of variance of Roughness scores

J Woice. Author manuscript; available in PMC 2024 November 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Cantor-Cutiva et al.

Table 1.

Association between spoken language, gender, and age with vocal fry among bilingual English-Spanish
speakers

Parameter B SE  p-value
Female -6.28 5.14 0.22
Age -0.07 0.2 0.74

Spanish language -1.70*  0.42 0.00

B= Beta; SE= Standard Error
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Table 2.

Intra-reliability of six participating raters per language (English and Spanish)

ENGLISH SPANISH
RATER
Grade Roughness Vocal Fry Grade Roughness Vocal Fry

RO1 (bilingual) 0.69 0.76 0.91 0.66 0.79 0.71
R02 (monolingual)  0.78 0.67 0.88 0.73 0.61 0.76
RO3 (bilingual) 0.70 0.51 0.69 0.42 0.14 0.75
RO4 (monolingual) —0.127  —0.205 0.32 0.61 -0.042 0.14
RO5 (bilingual) 0.44 0.11 0.80 0.16 -0.138 0.78
RO6 (bilingual) 0.80 0.25 0.70 0.47 0.56 0.68
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Table 3.

Inter-reliability of six participating raters per language (English and Spanish)

Parameter

ENGLISH SPANISH

Bilinguals Monolinguals  Bilinguals Monolinguals

Grade score
Roughness score

Vocal Fry

0.26
0.35
0.84

0.02 0.41 0.17
0.20 0.37 0.24
0.68 0.80 0.50
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Table 4.

Associations between being a bilingual listener and voice quality perceptual assessment

Speech production in English

Grade score Roughness score Vocal Fry

Variable
Beta ~SE p-value Beta SE p-value Beta SE p-value

Being a bilingual listener  1.89* 0.43 0.00 1.43* 0.14 0.00 0.54* 011 0.00

Speech production in English

Grade score Roughness score Vocal Fry

Variable
Beta ~SE p-value Beta SE p-value Beta SE p-value

Being a bilingual listener  0.90* 0.11 0.00 1.22*  0.09 0.00 -0.24 034 0.48
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