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Vowel production variation in Korean heritage speakers*

Andrew Cheng
University of California, Irvine

1 Introduction

Studies in vowel acoustics indicate that in clear speech, talkers increase their acous-
tic vowel space as well as vowel duration. |Ferguson & Kewley-Port (2007) demon-
strated this effect for American English speakers recording the same carrier sen-
tences in two different speech styles: conversational speech and “clear speech”, in
which they were instructed to speak as if talking to a person with hearing loss. More
recently, Kuo & Weismer (2016) demonstrated the same effect for male American
English speakers recording casual conversation and text passages in addition to sen-
tences in clear and citation styles. Reduction in vowel formants toward the center
of the vowel space based on the Euclidean distance of F1 and F2 and the Euclidean
distance of F2 and F3 was greater in the more casual registers, with conversation
eliciting the greatest reduction, followed by text passages, citation sentences, and
clear sentences.

Acoustic vowel space measurements such as Euclidean distance between vowel
formants have been used to differentiate between dialects of the same language
(Clopper et al. 2005, Ruch 2018) and the similar vowel systems of different lan-
guages (Chung er al. 2012). Vowel space is also considered a stylistic difference
between speakers of the same dialect according to gender. [Simpson (2002) found
that in a comparison of female and male speakers, female speakers tended to have
larger vowel spaces than male speakers, although the articulations of their vocal
tracts (i.e., tongue movements) also tended to be smaller in magnitude. More re-
cent work relates vowel distance (though not necessarily overall vowel space) to
parodic performances of dialects (Pratt & D’Onofrio 2017), specific personae at the
intersection of gender, sexuality, class, and region (Podesva 2011)), and other styles
and stances associated with the linguistic construction of identity (Bucholtz & Hall
2005, [Eckert 2008).

Although much of the research on acoustic differences across speech styles
has been done on varieties of English, the same general pattern has also been
found in many other languages, including Mixtec (D1Canio et al. 2015)), Spanish of
Spanish-English bilinguals (Bradlow 2002), and Finnish of Finnish-Engilsh bilin-
guals (Granlund et al. 2012)). Research on the effects of speech style on the acoustic
characteristics of the Korean language confirms what|Granlund ez al.|call language-
independent global enhancements: clear speech results in a slower speech rate and
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greater emphasis on the phonetic parameters that differentiate the unvoiced Korean
stops (Kang & Guion 2008, (Cho ef al. 2011) and glides (Chang 2017). Winter &
Grawunder (2012)| also analyzed the acoustic correlates of different formal and in-
formal registers in Korean, finding that formal or more honorific speech tended to
be lower and less variable in fO level and span.

However, the research on the acoustic correlates of speech style in Korean is
limited in two ways. First, the existing research focuses on specific segmental
and suprasegmental phenomena in the language, including fO contours at prosodic
boundaries and their effects on the acoustics of phrase-initial consonants, but does
not analyze vowel formants or acoustic vowel space. Second, the majority of studies
in Korean acoustics use data from native monolingual speakers of the Seoul variety
of Korean, while the speech of heritage Korean speakers or other Korean-English
bilinguals is quite understudied.

Heritage speakers are bilingual speakers whose exposure to and acquisition of
the heritage language most often occur in the home during early childhood, a pe-
riod which is followed by radically decreased exposure and usage as the speaker
adopts the majority language of society (Polinsky & Scontras 2020). They tend to
be dominant in the majority language of society and use their heritage language in
limited social situations, including with their parents or heritage language commu-
nity, and may not be literate in their heritage language. Though not all heritage
language users are immigrants, it is often the minority languages of recent immi-
grants that become heritage languages in the context of the United States. Due to
the social pressures that favor dominance in English over minority languages in the
United States, many heritage language users decline in the proficiency of their her-
itage language, and within a few generations, native and heritage knowledge of the
language is lost (Valdés 2001, Shin 2005).

The grammatical properties of the bilingualism of heritage speakers are still
not well known, as many conflicting studies characterize heritage bilingualism as
“incomplete acquisition” of one language (Montrul 2016)), while others theorize it
as a microcosm of language contact within an individual (Muysken 2020). The
common thread in all studies of heritage bilingualism, however, is that interspeaker
variation within the speaker community of any given heritage language, in terms
of variables such as language background and experience, proficiency, and gram-
matical organization, is very high. Despite this, recent studies on the phonetics of
heritage language users’ speech has found, for example, that heritage speakers’ use
of prosody differs substantially from native and L2 speakers (Chang & Yao 2016),
that heritage speakers can maintain language-internal and cross-linguistic phonetic
contrasts in stops and vowels (Chang et al. 2011), and that acoustic characteristics
of consonants such as Voice Onset Time (VOT) can be affected by intereference
from the phonetic attributes of the majority language (Hrycyna et al. 2011, |Kang
et al. 2016, |Kang & Nagy 2016, Asherov et al. 2016).

Thus, the current study investigates the pattern of stylistic differentiation in
acoustic vowel space in heritage speakers. If heritage speakers behave more like the
aforementioned native speakers of Korean or other langauges, then they will show
large vowel spaces in more careful speech styles and smaller vowel spaces in more
casual speech styles. If, however, heritage speakers differ from both native and L2
speakers, then they may not demonstrate the pattern of stylistic differentiation. In
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this study, the acoustic vowel space and vowel duration of heritage Korean speakers
was investigated, with the hypothesis that they will demonstrate the same pattern
of stylistic vowel space differentiation that has been demonstrated for monolingual
American English speakers and other speaker communities whereby more casual
speech is correlated with smaller acoustic vowel space.

2 Methods

The data collected for this study were collected from thirty-one heritage speakers
of Korean who were bilingual in Korean and English and dominant in English.
Twenty-one identified as cisgender female, and ten as cisgender male. They ranged
in age from 18 to 55 (median age=23 years). Eighteen speakers (female=11) had
been born and raised in the United States, while thirteen (female=10) had been born
in South Korea but moved to the United States prior to the age of 16 (median age
of arrival=9 years). Korean Americans who are born and raised in the United States
are called “second generation” Korean Americans, while those who immigrate dur-
ing childhood with their families are called “1.5 generation” Korean Americans.
(Their parents, the adult immigrants, are called first generation Korean Americans,
regardless of citizenship status.) A summary of the speakers’ demographic charac-
teristics can be found in Table

Generation | male | female | total | age range of immigration
1.5 3 10 13 [ 3to16yrs

2 7 11 18 -

Table 1: Demographic data for the 31 study participants.

Each speaker participated in a bilingual sociolinguistic interview with a trained
interviewer. First, they conversed in Korean, following a short script with guided
questions about the speaker’s childhood, family, and hobbies. Then, the speaker
was given a series of passages written in the Korean script, hangul, to read aloud
at their own pace. The final part of the bilingual interview was conducted in En-
glish, but the English data is not used in the current study, which only compares
measurements from the Korean interview section (henceforth, the “interview”) and
the passage reading section (henceforth, “reading’). The average duration of the
Korean-language portions of the interview was 11 minutes.

The bilingual sociolingustic interview was part of a larger study of heritage
Korean speakers, in which a total of forty speakers participated. Three independent
native and heritage speakers of Korean listened to randomized one-minute samples
of the participants’ speech from both the interview and the reading sections, then
rated the samples in both native-like accent and native-like proficiency on a five-
point Likert scale. Of the forty participants, seven participants were removed from
the current analysis because their average accent and proficiency scores were both
below 3. Two participants were removed due to recording or data processing errors.
This left thirty-one speakers to be analyzed in the current study.

The content of each interview was transcribed by hand and automatically aligned
using a Korean version of the Penn Forced Aligner (Yoon & Kang 2014). Formant
data for the eight monophthongs of Korean, /i, €, €, a, a, 0, u, w/, were extracted us-
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ing i fcformant (Watanabe 2001) and compared across groups and speech styles.
The vowels in question are listed in Table 2]

IPA | ARPABET
I
E
AE
A
EO
O
U
EU

Ecopr oo~

Table 2: Korean monophthongs and ARPABET equivalents (for coding and visual-
ization).

Vowel formant data was subjected to several rounds of data processing and
cleanup. The ifcformant tool extracts formant frequency measurements at ten
millisecond intervals throughout the entire duration of an audio signal. During au-
tomatic alignment and formant extraction, each vowel was divided into ten equally-
spaced timepoints, and a smoothing function was called over all of the data, per
subject, to reduce the effects of errors during alignment or formant extraction (Gar-
cia 2010). Each vowel’s duration in seconds was recorded and then log-transformed
across speakers in order to normalize them. After normalization, any vowels whose
duration was deemed an outlielﬂ were removed. Finally, only the midpoint of each
monophthong (i.e., the fourth timepoint out of ten) was kept, and all values in Hertz
were transformed to the Bark auditory scaleﬂ

The resulting dataset had about 40,000 observations of eight vowels from thirty-
one participants, or about 1300 vowel tokens per speaker. Each observation had
smoothed Bark measurements for the first and second formants (F1 and F2), which
were used in the calculation of acoustic vowel space using the phonR package in
R (McCloy 2012). The vowe1MeansPolygonArea function calculates the area
of the polygon defined by the mean values for each of the eight monophthongs,
grouped by speaker and section (interview or reading). Thus, each speaker had two
vowel space area measurements, one per section, as well as a value that calculated
the difference between reading and interview. A higher value for vowel space area

I'That is to say, greater or less than the values of the 95% Confidence Interval, calculated by the
R function boxplot . stats according to the formula:

1.58 % IQR
NG

median £

ZBark transformation was calculated using the formula:

(26.81 x formant)
Bark = —0.53
o (1960 + formant)
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indicates a larger vowel space (and, consequently, less reduction), while a lower
value indicates a smaller vowel space.

3 Results

Results showed that overall, speakers had a larger vowel space during the reading
section compared to the interview section. This is visualized in Figure[] a standard
F1xF2 plot with Bark-normalized axes. The vowel formant means for the reading
section are in orange, and the interview section vowels are in green. Upon visual
analysis, it can be seen that the orange vowels are more widely dispersed than the
green vowels, although the effect appears to be larger for female speakers than for
male speakers, and mostly due to formant differences between styles found in high
vowels such as /i/ and back vowels such as /o/ and /u/.

Figure 2] demonstrates the same group comparison using a boxplot; here, it is
clear that for both female and male speakers, the median vowel space area for the
reading section was higher than the median area for the interview section. How-
ever, there is a significantly larger difference between sections for female speakers
compared to male speakers. In addition, the vowel space area for female speakers
tended to be greater than the vowel space area for male speakers, regardless of sec-
tion.

A linear mixed effects regression model fit to the data showed that speaker gen-
der and section significantly affected vowel space area. In addition, there was an
interaction between gender and section, such that female speakers showed a signif-
icant difference between reading and interview, while male speakers did not. The
model results are summarized in Table 3l

Dependent variable:

area

sectionreading 1.227***

(0.209)
GenderMale —1.160"**

(0.351)
sectionreading:GenderMale —0.896**

(0.369)
Constant 1.779***

(0.199)
Observations 62
Log Likelihood —79.149
Akaike Inf. Crit. 170.297
Bayesian Inf. Crit. 183.060
Note: “p<0.1; *p<0.05; **p<0.01

Table 3: Linear mixed effects regression model results for vowel space area by sec-
tion, speaker gender, and section*gender.
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Korean vowels by section (female)
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Figure 1: F1 and F2 (Bark) of the vowels of all speakers, split by speech style and
gender.

However, even with the speakers who scored below average in perceived Korean
proficiency and perceived Korean accent removed from the dataset, there was lots of
variability in the spoken Korean of the thirty-one speakers. Each speaker received
two perceived proficiency scores, one for the interview (i.e., proficiency in commu-
nicating in casual spoken Korean), and one for the reading section (i.e., proficiency
in reading Korean). The perceived accent ratings were not used in the analysis.
Female speakers, on average, scored higher in interview proficiency (W=157.5,
p=0.025), but there was no significant difference between male and female speak-
ers for reading proficiency ratings (W=138.5, p=0.16).

Figure[3]illustrates the vowel space area for speakers plotted against each speaker’s
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Vowel space area by speech style and gender
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Figure 2: Vowel space area for speakers, split by gender and speech style (section).
Female speakers’ vowel space area was greater during the reading section than during
the interview section.

proficiency scores for the interview and reading sections. Although the slopes of
the smoothing lines in Figure [3] and the overall shapes of the patterns are the same
in subfigures A and B, the strengths of the associations differ.

A second linear mixed effects regression model was fit to the data and included
fixed effects for perceived proficiency ratings of the interview and reading sections.
The model results are displayed in Table 4 Interview proficiency was not found
to be a significant predictor of vowel space areeﬂ but reading proficiency was. As
can be seen in Figure 3B, speakers with a higher reading proficiency rating tended
to have smaller vowel spaces during the reading section. However, once again, the
effect only holds for female speakers, while male speakers appeared to show no
relationship between proficiency rating and vowel space area.

With the demonstrated effect of perceived reading proficiency on vowel space
during reading, the next step was to determine a cause. It has long been known that
speech rate affects the acoustic characteristics of vowels such that a faster speech
rate causes vowel reduction and a smaller overall vowel space (Fourakis 1991} Tsao
et al. 2006). Thus, to test the effect of speech rate, the correlation between mean
log vowel duration and vowel space area was investigated.

Figure 4] illustrates the relationship between vowel space area for each section
and mean log vowel duration, calculated per section for each gender. As can be
seen in the figure, for female speakers, there is a strong positive correlation be-
tween vowel space area and mean log vowel duration: the longer the vowels, the
larger the vowel space. The correlation exists for female speakers for both inter-
view and reading sections, and is particularly strong for the reading section. For
male speakers, the same positive trends exist, but they do not appear to be as statis-

3Note that these results are likely skewed by the significant difference between genders in inter-
view proficiency rating.
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A Vowel space area by interview proficiency
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Figure 3: Speakers’ vowel space area and mean rating in Korean proficiency (inter-
view and reading).

Dependent variable:
area
sectionreading 1.227**
(0.209)
GenderMale —1.351"
(0.344)
mean.proficiency.i 0.148
(0.259)
mean.proficiency.r —0.478*
(0.197)
sectionreading:GenderMale —0.896**
(0.369)
Constant 3.022***
(0.852)
Observations 62
Log Likelihood —76.797
Akaike Inf. Crit. 169.594
Bayesian Inf. Crit. 186.611
Note: “p<0.1; *p<0.05; **p<0.01

Table 4: Linear mixed effects regression model results for vowel space area by sec-
tion, gender, section*gender, and Korean proficiency during interview (i) and reading

().
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tically significant.

Vowel space area by vowel duration, speech style, and gender
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Figure 4: Speakers’ vowel space area and mean log vowel duration.

A third and final linear mixed effects regression model was fit to this data to
determine the effects of mean log vowel duration on vowel space area. The model
results can be seen in Table [5] In this model, section did not significantly affect
vowel space area at all, but speaker gender and mean log vowel duration were sig-
nificant effects. There was also an interaction effect between speaker gender and
mean log vowel duration, in that the effect of vowel duration on vowel space area
was significant for female speakers, but not for male speakers (who also tended to
have shorter mean log vowel durations overall).

An Akaike’s An Information Comparison (AIC) estimate of model quality was
run on the three models (area by section*gender, area by section*gender and in-
terview and reading proficiency, and area by section*gender*duration). The first
model had an AIC value of 170.2972 (df=6). The second model had an AIC value
of 169.5936 (df=8). The final model had an AIC value of 120.3368 (df=10), which
is a significant decrease that represents a better quality model. Thus, although the
addition of more fixed effects and interaction affects decreases the power of a lin-
ear model, the model that incorporated the effect of log vowel duration and left out
perceived proficiency ratings proved to be the most accurate one.

4 Discussion

Heritage speakers of Korean show the familiar pattern of producing a larger vowel
space when reading passages in Korean compared to when speaking conversation-
ally in Korean. However, the pattern only holds for female Koran American speak-
ers, not male Korean American speakers. Overall, female speakers had larger vowel
spaces than male speakers.

Korean reading proficiency also significantly affected vowel space, whereby
female speakers whose read speech was rated as highly proficient tended to have
smaller vowel spaces. The effect did not hold true for male speakers, even though
male and female speakers had roughly equivalent means and spans for reading pro-
ficiency scores.

The effect of perceived proficiency on vowel space appears to be driven mostly
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Dependent variable:

area
sectionreading 3.202
(2.269)
GenderMale —8.363*
(2.931)
duration 3.442%
(0.812)
sectionreading:GenderMale —1.544
(2.738)
sectionreading:duration 1.010
(0.865)
GenderMale:duration —2.787*
(1.051)
sectionreading:GenderMale:duration —0.490
(1.007)
Constant 10.915***
(2.162)
Observations 62
Log Likelihood —50.168
Akaike Inf. Crit. 120.337
Bayesian Inf. Crit. 141.608
Note: “p<0.1; *p<0.05; **p<0.01

Table 5: Linear mixed effects regression model results for vowel space area by sec-
tion, speaker gender, mean log vowel duration, and interactions of all three.
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by the effect of speech rate on vowel space. For female speakers, vowel duration
was strongly positively correlated with vowel space area, regardless of the speech
style. It may be that slower speakers were more careful in their speech and reading,
resulting in slightly more peripheral articulations, or that faster speakers simply
demonstrated lots of reduction in their speech.

Interestingly, every significant effect demonstrated by the data only held true
for the female speakers in the sample. Male speakers in the sample tended to show
no significant relationship between speech rate and vowel space size, no significant
relationship between reading or interview proficiency and vowel space size, and
no significant overall change in vowel space size from interview style to reading
style. To the extent that overall acoustic vowel space can be considered part of a
speaker’s linguistic style or sociolinguistic repertoire (Foulkes & Docherty 2006,
Eckert 2008), it would seem that only the female speakers in this study employ
speech, reading, and the differentiation between them on an acoustic level for the
purposes of sociolinguistic variation, or that intraspeaker vowel production varia-
tion itself is a marker of gender identity, style, and language proficiency among
Korean heritage speakers.

On the other hand, the lack of significant effects for male speakers could also
be due to the small sample size and/or an inherent problem in cross-gender com-
parisons of phonetic phenomena. Although the formant data were normalized for
gender by converting the Hertz values to Bark, the male speakers still had over-
all smaller values for F1 and F2 and a smaller vowel space compared to the fe-
male speakers. This means that a proportional change in, for example, mean vowel
space area that is significant for female speakers may not appear significant for male
speakers. Again, increasing the sample size to increase the power and validity of
the statistical testing could be a way to resolve this issue.

5 Conclusion

The hypothesis that heritage Korean speakers would demonstrate the common pat-
tern of stylistic vowel space differentiation was found to be true, albeit only for
female speakers in the study. In more casual speech, female heritage speakers de-
creased their acoustic vowel space and shortened their vowels (i.e., spoke at a faster
speech rate). This accords with the rest of the literature on the acoustic charac-
teristics of clear versus casual speech in Korean with respect to consonants and
suprasegmental phenomena. Although the male speakers in the sample did not
demonstrate the same effects to a statistically significant degree, their data trended
in the same direction, and it does not amount to evidence for the alternative hypoth-
esis, that heritage speakers of Korean substantially differ from native speakers of
Korean by not decreasing their vowel space in casual speech.

Future research will look more closely at specific vowels and vowel combina-
tions in the Korean inventory, including the mid-front vowels which have recently
undergone a merger in the Seoul variety of Korean, to investigate the effects of
speech style on a sound change. In addition, a cross-linguistic analysis of the vowel
spaces of both languages of heritage bilingual speakers, Korean and English, is
another potential avenue for investigation. Because the vowel inventories of each
language have some similarities, an analysis of their differences would reveal more
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about the potential underlying causes of cross-linguistic differences within the bilin-
gual speaker.
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Supplementary materials

A Reading passages
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Figure 5: The paragraphs in Korean script (hangul) that were used during the reading
section of the bilingual interview.
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B Vowel space area by speech style: Individual results

Vowel space area by speech style
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Figure 6: Vowel space area by speech style, showing each of the thirty-one speakers
separately.



