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…THE PAPER YOU READ
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… AND A RECENT POSTER BUILDING ON IT
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THE BIG PICTURE: 
UNDERSTANDING HOW 
BILINGUAL VOICES VARY 
(ACOUSTICALLY), AND HOW 
LISTENERS LEVERAGE 
STRUCTURED VARIABILITY FOR 
SPEECH PERCEPTION
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THIS IS 
PART OF 

MY DISSE
RTATION

THE BIG PICTURE: 
UNDERSTANDING HOW 
BILINGUAL VOICES VARY 
(ACOUSTICALLY), AND HOW 
LISTENERS LEVERAGE 
STRUCTURED VARIABILITY IN 
SPEECH PERCEPTION
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SOME ACOUSTIC & VOICE 
QUALITY BACKGROUND INFO
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SOURCE-FILTER THEORY

Hillenbrand (2019)
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SOURCE-FILTER THEORY

An overly 
simplified 
representation 
of the source…

Hillenbrand (2019)



9 OF 39 KHIA A. JOHNSON | DECEMBER 16, 2020

SO, WHAT’S THE SOURCE?

• Airflow + vocal fold configuration

• Varies on talker & linguistic dimensions

GIF of https://youtu.be/9Tlpkdq8a8c

Garellek (2019)

https://youtu.be/9Tlpkdq8a8c
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THE VOCAL FOLDS DO A LOT

Garellek (2019)
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THE BACKGROUND IN THE 
PAPER (& POSTER)
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DIMENSIONS OF FACE VARIABILITY ARE MORE INTUITIVE

• The original inspiration for this methodology is Burton et al. (2016)

• Some example 
dimensions include…
• Commonalities: 

direction looking, 
lighting conditions

• Idiosyncrasies: 
facial expression, 
hairstyle
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VOICES ARE ARE ALSO HIGHLY VARIABLE

• Apart from a small number of key commonalities, voice variability seems 
to be largely idiosyncratic (Lee, Keating, & Kreiman, 2019)
• Note: to date, this area of research hasn’t addressed subgroupings

• To know a voice is to know how it varies across environments, physical 
states, and emotions

• Is this variation influenced by language? 
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THE ROLE OF LANGUAGE IN VOICE VARIABILITY

• Segmental, suprasegmental, & aspects of languages vary

• Few Cantonese-English voice quality comparisons (Ng, Chen, & Chan, 
2012):

➞ English tends to be creakier (or less breathy)
➞ Cantonese tends to have lower, more variable pitch

• Perceptual evidence that bilingual talkers can be identified after a 
language switch, especially by other bilinguals (Orena, Polka, & 
Theodore, 2019)
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DO BILINGUAL TALKERS HAVE 
THE SAME VOICE IN EACH OF 
THEIR LANGUAGES? 
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ON TO METHODS & RESULTS…
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DATA

• SpiCE Corpus ( Johnson et al., 2020)
• 34 high-proficiency, early Cantonese-English bilinguals
• 30-minute conversational interviews in Cantonese & English
• High-quality audio

• Pre-processing:
• Select all voiced participant speech with Praat algorithm (Boersma 

& Weenink, 2020)
• Includes vowels, approximants, & some voiced obstruents

www.spice-corpus.rtfd.io

http://www.spice-corpus.rtfd.io/
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ACOUSTIC MEASUREMENTS

• Drawn from psychoacoustic voice quality model (Kreiman et al., 2014), 
measurements every 5 ms with VoiceSauce (Shue et al., 2011)

• Post-processing
• Remove impossible values
• Calculate moving s.d. for each measure

Pitch
F0

Source spectral shape
H1*-H2*, H2*-H4*, H4*-2kHz*, H2kHz*-5kHz*

Formants
F1, F2, F3, F4 

Spectral noise
CPP, Energy, SHR
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A PSYCHOACOUSTIC MODEL OF VOICE QUALITY

• “…listeners perceive voice quality as an integral pattern, rather than as 
the sum of a number of separate features.” 

• “An adequate voice source model should… 
1) include enough parameters that it can model any voice quality... 
2) should only include parameters to which listeners are sensitive”

(Kreiman et al., 2014)
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A PSYCHOACOUSTIC MODEL OF VOICE QUALITY

Garrellek (2019)

Garrellek (2019)

Don’t worry if this doesn’t 
make sense... it’s mostly 
to give a rough idea of what these acoustic parameters map onto
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YOU MAY HAVE SEEN…

There’s overlap with the 
Kreiman et al. (2014) 

model, but some of the 
parameters in GeMAPS
have no real perceptual 
grounds, even if they’re 
useful for engineering
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ACOUSTIC MEASUREMENTS

• Drawn from psychoacoustic voice quality model (Kreiman et al., 2014), 
measurements every 5 ms with VoiceSauce (Shue et al., 2011)

• Post-processing
• Remove impossible values
• Calculate moving s.d. for each measure

Pitch
F0

Source spectral shape
H1*-H2*, H2*-H4*, H4*-2kHz*, H2kHz*-5kHz*

Formants
F1, F2, F3, F4 

Spectral noise
CPP, Energy, SHR
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METHODS

• Crosslinguistic comparison of acoustic measurements
➞ Do bilingual talkers have the same mean values for each measure?

• Within- talker Principal components analyses (PCAs)
➞ How is voice variability structured? How much of it is Idiosyncratic? 

• Canonical redundancy analysis
➞ How similar are talkers across languages?

artwork by @allison_horst
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COMPARISON OF ACOUSTIC MEASUREMENTS

• Cohen’s d for t-tests within-talker, across language

• Most talkers have relatively few non-trivial comparisons

which the lower-dimensional structure of the voice variability is
retained across a talker’s two languages.

3. Results

3.1. Crosslinguistic comparison of acoustic measurements

For each acoustic measurement and talker, we conducted a Stu-
dent’s t-test and calculated Cohen’s d, in order to give a high-
level assessment of whether variable means differed across the
two languages. These comparisons have no bearing on how a
given variable varies. Table 1 reports counts of talkers by ef-
fect size. Notably, across all talkers and variables, only 21.1%
yielded non-trivial Cohen’s d values. Most talkers (32/34) had
at least one non-trivial comparison. The distribution of these
counts is depicted in Figure 1.

Table 1: This table reports counts of Cohen’s d for crosslinguis-
tic comparisons of each of the acoustic measurements by talker.
Degrees of freedom ranged between 49,274–136,644 across t-
tests. For most talkers and variables, the difference in means
was trivial, which is reflected in that column’s high counts.

Cohen’s d
Trivial Small Medium

Variable 0.0–0.2 0.2–0.5 0.5–0.8

F0 21 10 3
F0 s.d. 34 0 0
F1 24 9 1
F1 s.d. 29 5 0
F2 26 8 0
F2 s.d. 32 2 0
F3 24 9 1
F3 s.d. 29 5 0
F4 30 3 1
F4 s.d. 28 6 0
H1*–H2* 18 15 1
H1*–H2* s.d. 32 2 0
H2*–H4* 25 9 0
H2*–H4* s.d. 31 3 0
H4*–2kHz* 25 8 1
H4*–2kHz* s.d. 34 0 0
H2kHz*–5kHz* 23 10 1
H2kHz*–5kHz* s.d. 31 3 0
CPP 21 10 3
CPP s.d. 32 2 0
Energy 17 14 3
Energy s.d. 18 16 0
SHR 31 3 0
SHR s.d. 29 5 0

Figure 1: A summary of the number of non-trivial comparisons
from Table 1 across the 34 talkers.

For the non-trivial comparisons, there were consistent pat-
terns across languages for H1*–H2* and F0. For the remain-
ing variables, while some talkers exhibited a difference in mean
values, the direction of the difference varied, or relatively few
talkers exhibited the difference.

H1*–H2* was significantly higher in Cantonese for a rela-
tively large subset of the talkers (13/34), lower for a small num-
ber (3/34), but trivial for most (18/34). While based on a dif-
ferent measure than [11], this is consistent with the finding that
Cantonese tends to be breathier, or English creakier—the cur-
rent analysis does not distinguish between these interpretations.

If there was a non-trivial difference in F0 across languages,
then Cantonese had a lower mean F0 than English (13/34; Fe-
male = 7), though most talkers did not exhibit a difference
(21/34). This is consistent with prior findings that when a dif-
ference between English and Cantonese was found, Cantonese
had a lower mean F0 for females [11, 9]. We also observe this
difference for a small number of males.

3.2. PCA results

The PCAs across both languages for all 34 talkers resulted in
10–15 components and accounted for 74.6–85.8% of the total
variation. To assess whether talkers exhibit the same structure
in voice variability across their languages, we first consider the
patterns present across the different PCAs, as this provides con-
text for understating what unique structural characteristics in
talkers’ voices looks like. To this end, we briefly summarize
common patterns across PCA components, regardless of how
much variance they account for, as the difference is often quite
small. Figure 2 shows the first four components of a single
talker’s Cantonese and English PCAs, illustrating some exam-
ples of how components can vary (or not) across languages.

Figure 2: In the first four components of a talker’s Cantonese
and English PCAs, loadings are represented by bar height and
are labelled with the variable name; color represents concep-
tual groupings; and, the component’s variance is superimposed.

Broadly speaking, there were a lot of similarities in com-
ponent composition across both talkers and languages, with the
eight most commonly occurring components summarized in Ta-
ble 2. For context, recall that PCAs had anywhere from 10–15
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COMPARISON OF ACOUSTIC MEASUREMENTS

• Non-trivial differences tend to… 
➞ be small
➞ lack a consistent direction

• When there is a consistent direction, it 
mirrors prior work
➞ F0 tends to be lower in Cantonese
➞ H1*-H2* consistently puts English 

on creakier end of spectrum

which the lower-dimensional structure of the voice variability is
retained across a talker’s two languages.

3. Results

3.1. Crosslinguistic comparison of acoustic measurements

For each acoustic measurement and talker, we conducted a Stu-
dent’s t-test and calculated Cohen’s d, in order to give a high-
level assessment of whether variable means differed across the
two languages. These comparisons have no bearing on how a
given variable varies. Table 1 reports counts of talkers by ef-
fect size. Notably, across all talkers and variables, only 21.1%
yielded non-trivial Cohen’s d values. Most talkers (32/34) had
at least one non-trivial comparison. The distribution of these
counts is depicted in Figure 1.

Table 1: This table reports counts of Cohen’s d for crosslinguis-
tic comparisons of each of the acoustic measurements by talker.
Degrees of freedom ranged between 49,274–136,644 across t-
tests. For most talkers and variables, the difference in means
was trivial, which is reflected in that column’s high counts.

Cohen’s d
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Figure 1: A summary of the number of non-trivial comparisons
from Table 1 across the 34 talkers.

For the non-trivial comparisons, there were consistent pat-
terns across languages for H1*–H2* and F0. For the remain-
ing variables, while some talkers exhibited a difference in mean
values, the direction of the difference varied, or relatively few
talkers exhibited the difference.

H1*–H2* was significantly higher in Cantonese for a rela-
tively large subset of the talkers (13/34), lower for a small num-
ber (3/34), but trivial for most (18/34). While based on a dif-
ferent measure than [11], this is consistent with the finding that
Cantonese tends to be breathier, or English creakier—the cur-
rent analysis does not distinguish between these interpretations.

If there was a non-trivial difference in F0 across languages,
then Cantonese had a lower mean F0 than English (13/34; Fe-
male = 7), though most talkers did not exhibit a difference
(21/34). This is consistent with prior findings that when a dif-
ference between English and Cantonese was found, Cantonese
had a lower mean F0 for females [11, 9]. We also observe this
difference for a small number of males.

3.2. PCA results

The PCAs across both languages for all 34 talkers resulted in
10–15 components and accounted for 74.6–85.8% of the total
variation. To assess whether talkers exhibit the same structure
in voice variability across their languages, we first consider the
patterns present across the different PCAs, as this provides con-
text for understating what unique structural characteristics in
talkers’ voices looks like. To this end, we briefly summarize
common patterns across PCA components, regardless of how
much variance they account for, as the difference is often quite
small. Figure 2 shows the first four components of a single
talker’s Cantonese and English PCAs, illustrating some exam-
ples of how components can vary (or not) across languages.

Figure 2: In the first four components of a talker’s Cantonese
and English PCAs, loadings are represented by bar height and
are labelled with the variable name; color represents concep-
tual groupings; and, the component’s variance is superimposed.

Broadly speaking, there were a lot of similarities in com-
ponent composition across both talkers and languages, with the
eight most commonly occurring components summarized in Ta-
ble 2. For context, recall that PCAs had anywhere from 10–15
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A CLOSER LOOK AT… FUNDAMENTAL FREQUENCY (~PITCH)
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METHODS

• Crosslinguistic comparison of acoustic measurements
➞ Do bilingual talkers have the same mean values for each measure?

• Principal components analyses (PCAs)
➞ How is voice variability structured? How much of it is idiosyncratic? 

• Canonical redundancy analysis
➞ How similar are talkers across languages?

artwork by @allison_horst
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PCA DETAILS (LARGELY BASED ON LEE ET AL., 2019)

• PCAs by talker and language

• All 24 measures (standardized)

• Oblique promax rotation (as measures expected to be correlated)

• Components retained if eigenvalues were > 0.7x the mean 
eigenvalue, a conservative choice ( Joliffe, 2002)

• Only |loadings| > 0.32 were interpreted 
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COMPONENT VARIABILITY

• 10–15 components 
accounted for 74.6–85.8% 
of the total variation 

• Similar component 
structure across languages, 
but variable order

which the lower-dimensional structure of the voice variability is
retained across a talker’s two languages.

3. Results

3.1. Crosslinguistic comparison of acoustic measurements

For each acoustic measurement and talker, we conducted a Stu-
dent’s t-test and calculated Cohen’s d, in order to give a high-
level assessment of whether variable means differed across the
two languages. These comparisons have no bearing on how a
given variable varies. Table 1 reports counts of talkers by ef-
fect size. Notably, across all talkers and variables, only 21.1%
yielded non-trivial Cohen’s d values. Most talkers (32/34) had
at least one non-trivial comparison. The distribution of these
counts is depicted in Figure 1.

Table 1: This table reports counts of Cohen’s d for crosslinguis-
tic comparisons of each of the acoustic measurements by talker.
Degrees of freedom ranged between 49,274–136,644 across t-
tests. For most talkers and variables, the difference in means
was trivial, which is reflected in that column’s high counts.

Cohen’s d
Trivial Small Medium

Variable 0.0–0.2 0.2–0.5 0.5–0.8

F0 21 10 3
F0 s.d. 34 0 0
F1 24 9 1
F1 s.d. 29 5 0
F2 26 8 0
F2 s.d. 32 2 0
F3 24 9 1
F3 s.d. 29 5 0
F4 30 3 1
F4 s.d. 28 6 0
H1*–H2* 18 15 1
H1*–H2* s.d. 32 2 0
H2*–H4* 25 9 0
H2*–H4* s.d. 31 3 0
H4*–2kHz* 25 8 1
H4*–2kHz* s.d. 34 0 0
H2kHz*–5kHz* 23 10 1
H2kHz*–5kHz* s.d. 31 3 0
CPP 21 10 3
CPP s.d. 32 2 0
Energy 17 14 3
Energy s.d. 18 16 0
SHR 31 3 0
SHR s.d. 29 5 0

Figure 1: A summary of the number of non-trivial comparisons
from Table 1 across the 34 talkers.

For the non-trivial comparisons, there were consistent pat-
terns across languages for H1*–H2* and F0. For the remain-
ing variables, while some talkers exhibited a difference in mean
values, the direction of the difference varied, or relatively few
talkers exhibited the difference.

H1*–H2* was significantly higher in Cantonese for a rela-
tively large subset of the talkers (13/34), lower for a small num-
ber (3/34), but trivial for most (18/34). While based on a dif-
ferent measure than [11], this is consistent with the finding that
Cantonese tends to be breathier, or English creakier—the cur-
rent analysis does not distinguish between these interpretations.

If there was a non-trivial difference in F0 across languages,
then Cantonese had a lower mean F0 than English (13/34; Fe-
male = 7), though most talkers did not exhibit a difference
(21/34). This is consistent with prior findings that when a dif-
ference between English and Cantonese was found, Cantonese
had a lower mean F0 for females [11, 9]. We also observe this
difference for a small number of males.

3.2. PCA results

The PCAs across both languages for all 34 talkers resulted in
10–15 components and accounted for 74.6–85.8% of the total
variation. To assess whether talkers exhibit the same structure
in voice variability across their languages, we first consider the
patterns present across the different PCAs, as this provides con-
text for understating what unique structural characteristics in
talkers’ voices looks like. To this end, we briefly summarize
common patterns across PCA components, regardless of how
much variance they account for, as the difference is often quite
small. Figure 2 shows the first four components of a single
talker’s Cantonese and English PCAs, illustrating some exam-
ples of how components can vary (or not) across languages.

Figure 2: In the first four components of a talker’s Cantonese
and English PCAs, loadings are represented by bar height and
are labelled with the variable name; color represents concep-
tual groupings; and, the component’s variance is superimposed.

Broadly speaking, there were a lot of similarities in com-
ponent composition across both talkers and languages, with the
eight most commonly occurring components summarized in Ta-
ble 2. For context, recall that PCAs had anywhere from 10–15
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COMPONENT STRUCTURE

• Similar component 
composition across talkers 
and languages

• F0 is a less consistent variable

• Plenty of idiosyncratic 
variation

components total. These eight components consisted of source
spectral shape, spectral noise, as well as formant variables. On
the other hand, F0 co-occurred with a wide variety of variables
(often Energy), but in a manner that was less consistent across
talkers. There were additional components (not reported here)
that were shared by less than half of talkers. In summary, de-
spite the greater amount of shared structure across PCAs than
found in [2], there is still ample room for idiosyncratic varia-
tion, both in terms of which variables co-occur, as well as in
how much variance different components account for.

Table 2: A summary of the most commonly occurring com-
ponents across all PCAs. Variables are only included if
|Loading| > 0.32. Italics indicate additional variables that
were present on a component for a subset of talkers (i.e., an
alternative but related configuration). N indicates the number
of times a component occurred (out of 34), and Var. % gives the
range of percent variance accounted for by the component.

Cantonese English

Variables N Var. % N Var. %

H4*–H2kHz*,
H2kHz*–H5kHz*, F2,
F3, F4

34 9.3–15.5 32 9.2–16.7

H4*–H2kHz* s.d.,
H2kHz*–H5kHz* s.d. 32 6.3–8.3 34 4.1–5.0

Energy, Energy s.d, F0 31 5.8–9.4 33 6.3–9.1

CPP s.d. 29 4.1–5.0 31 4.1–4.9

SHR, SHR s.d. 30 3.8–7.5 29 5.4–7.3

F3, F4, F2 26 6.0–8.5 29 5.8–8.5

F3 s.d., F4 s.d., F2 s.d. 26 5.3–8.6 29 4.7–8.6

H2*–H4* s.d.,
H1*–H2* s.d. 26 4.2–6.5 28 4.2–6.8

3.3. Within-talker analysis

A slight majority of talkers had the same number of compo-
nents for each of their languages (18/34). Of the remainder,
most talkers had a difference of one in the number components
(14/34), and far fewer differed by two (2/34). Redundancy in-
dices for within-talker comparisons ranged from 0.82 to 0.99,
(Mdn = 0.93, M = 0.92, SD = 0.04), and are displayed in Fig-
ure 3, with the two redundancy indices for a given pair plot-
ted against one another. Comparisons across talkers within-
language (range: 0.63–0.98, Mdn = 0.84, M = 0.84, SD = 0.6)
and across-language (range: 0.66–0.98, Mdn = 0.83, M = 0.84,
SD = 0.6) are generally lower, but still relatively high. Within-
talker values were confirmed to be higher than across-talker
comparisons [Welch’s t(71.36) = –17.83, p < 0.001, d = 1.76].

The high values are not unexpected. As PCA is a dimen-
sionality reduction technique, the discarded components almost
certainly contain idiosyncratic variation. Moreover, and follow-
ing from Section 3.2, there were a substantial number of com-
monly occurring patterns across talkers and languages.

4. Discussion and conclusion

This study examines spectral properties and structural similar-
ities in an individual’s voice in two languages. A clear result

Figure 3: The relationship between the two redundancy indices
for three different types of comparisons. Within-talker compar-
isons are clustered at the top right.

is that most of the bilinguals studied here exhibit similar spec-
tral properties, and similar lower-dimensional structure in voice
variation, despite substantial segmental and suprasegmental dif-
ferences across English and Cantonese [26]. In this sense, a ma-
jority appear to have the same “voice” across languages, which
renders voice-as-an-auditory-face an apt comparison.

The comparison of these 34 Cantonese-English bilinguals’
voices across languages suggest more similarity for an individ-
ual across languages than found within a more tightly controlled
group of monolingual English speakers [2, 3]—several analysis
decisions may have contributed to this. We compared similar
components independent of order, which ignores the fact that
similar components may account for different amounts of vari-
ance, but ensures that any comparisons made are among like
items. Any downside to this methodological decision is miti-
gated by the fact that most components made relatively small
contributions, accounting for 4.2–10.3% (95% highest density
interval) of the PCA’s total variance.

While statistical choices may have affected these results,
the data differences between the current and previous studies
are also important to note. This study uses substantially longer
passages than the short samples in [2] and [3]. The larger speech
sample may allow for a more stable underlying structure to
showcase itself, as opposed to the potential for ephemeral vari-
ation in a shorter sample. This possibility is easily testable by
manipulating the length of the speech sample in the analysis.

Ultimately, the goal is to understand how the acoustic vari-
ability and structure of talkers’ voices maps onto listeners’ or-
ganization of a voice space for use in talker recognition and
discrimination. Turning to listener and behavioural data will
help in deciphering what is meaningful variation within a voice
from low level noise that cannot be attributed to a particular vo-
cal signature. Verification from listener performance will help
adjudicate which statistical choices present an acoustic voice
space that matches listener organization.
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For the non-trivial comparisons, there were consistent pat-
terns across languages for H1*–H2* and F0. For the remain-
ing variables, while some talkers exhibited a difference in mean
values, the direction of the difference varied, or relatively few
talkers exhibited the difference.

H1*–H2* was significantly higher in Cantonese for a rela-
tively large subset of the talkers (13/34), lower for a small num-
ber (3/34), but trivial for most (18/34). While based on a dif-
ferent measure than [11], this is consistent with the finding that
Cantonese tends to be breathier, or English creakier—the cur-
rent analysis does not distinguish between these interpretations.

If there was a non-trivial difference in F0 across languages,
then Cantonese had a lower mean F0 than English (13/34; Fe-
male = 7), though most talkers did not exhibit a difference
(21/34). This is consistent with prior findings that when a dif-
ference between English and Cantonese was found, Cantonese
had a lower mean F0 for females [11, 9]. We also observe this
difference for a small number of males.

3.2. PCA results

The PCAs across both languages for all 34 talkers resulted in
10–15 components and accounted for 74.6–85.8% of the total
variation. To assess whether talkers exhibit the same structure
in voice variability across their languages, we first consider the
patterns present across the different PCAs, as this provides con-
text for understating what unique structural characteristics in
talkers’ voices looks like. To this end, we briefly summarize
common patterns across PCA components, regardless of how
much variance they account for, as the difference is often quite
small. Figure 2 shows the first four components of a single
talker’s Cantonese and English PCAs, illustrating some exam-
ples of how components can vary (or not) across languages.

Figure 2: In the first four components of a talker’s Cantonese
and English PCAs, loadings are represented by bar height and
are labelled with the variable name; color represents concep-
tual groupings; and, the component’s variance is superimposed.

Broadly speaking, there were a lot of similarities in com-
ponent composition across both talkers and languages, with the
eight most commonly occurring components summarized in Ta-
ble 2. For context, recall that PCAs had anywhere from 10–15
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HOW COMPONENT STRUCTURE HOLDS UP ACROSS PASSAGE 
LENGTHS (POSTER)

• Short (~25 sec) vs. Long (~4 min) 
of contiguous voiced speech

• X: Importance (~ variance 
accounted for in long PCA)

• Y: Consistency (~how many of 
short PCAs have component)

• Color/size: Prevalence (~how 
many talkers have component)
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HOW COMPONENT STRUCTURE HOLDS UP ACROSS PASSAGE 
LENGTHS (POSTER)

• However, there are some robust 
component structures

• Seemingly strong relationship 
between consistency and 
prevalence

• Passage length matters
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METHODS

• Crosslinguistic comparison of acoustic measurements
➞ Do bilingual talkers have the same mean values for each measure?

• Within- talker Principal components analyses (PCAs)
➞ How is voice variability structured? How much of it is Idiosyncratic? 

• Canonical redundancy analysis
➞ How similar are talkers across languages?

artwork by @allison_horst
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CANONICAL REDUNDANCY ANALYSIS

• Allows for comparison of two PCAs, and 
accounts for different component orders

• Asymmetrical, so variation in A accounted 
for by B and vice versa

• All loadings retained

• Within-talker comparisons are significantly 
more redundant: Welch’s t(71.36) = –17.83,  
p < 0.001, d = 1.76 

components total. These eight components consisted of source
spectral shape, spectral noise, as well as formant variables. On
the other hand, F0 co-occurred with a wide variety of variables
(often Energy), but in a manner that was less consistent across
talkers. There were additional components (not reported here)
that were shared by less than half of talkers. In summary, de-
spite the greater amount of shared structure across PCAs than
found in [2], there is still ample room for idiosyncratic varia-
tion, both in terms of which variables co-occur, as well as in
how much variance different components account for.

Table 2: A summary of the most commonly occurring com-
ponents across all PCAs. Variables are only included if
|Loading| > 0.32. Italics indicate additional variables that
were present on a component for a subset of talkers (i.e., an
alternative but related configuration). N indicates the number
of times a component occurred (out of 34), and Var. % gives the
range of percent variance accounted for by the component.

Cantonese English

Variables N Var. % N Var. %

H4*–H2kHz*,
H2kHz*–H5kHz*, F2,
F3, F4

34 9.3–15.5 32 9.2–16.7

H4*–H2kHz* s.d.,
H2kHz*–H5kHz* s.d. 32 6.3–8.3 34 4.1–5.0

Energy, Energy s.d, F0 31 5.8–9.4 33 6.3–9.1

CPP s.d. 29 4.1–5.0 31 4.1–4.9

SHR, SHR s.d. 30 3.8–7.5 29 5.4–7.3

F3, F4, F2 26 6.0–8.5 29 5.8–8.5

F3 s.d., F4 s.d., F2 s.d. 26 5.3–8.6 29 4.7–8.6

H2*–H4* s.d.,
H1*–H2* s.d. 26 4.2–6.5 28 4.2–6.8

3.3. Within-talker analysis

A slight majority of talkers had the same number of compo-
nents for each of their languages (18/34). Of the remainder,
most talkers had a difference of one in the number components
(14/34), and far fewer differed by two (2/34). Redundancy in-
dices for within-talker comparisons ranged from 0.82 to 0.99,
(Mdn = 0.93, M = 0.92, SD = 0.04), and are displayed in Fig-
ure 3, with the two redundancy indices for a given pair plot-
ted against one another. Comparisons across talkers within-
language (range: 0.63–0.98, Mdn = 0.84, M = 0.84, SD = 0.6)
and across-language (range: 0.66–0.98, Mdn = 0.83, M = 0.84,
SD = 0.6) are generally lower, but still relatively high. Within-
talker values were confirmed to be higher than across-talker
comparisons [Welch’s t(71.36) = –17.83, p < 0.001, d = 1.76].

The high values are not unexpected. As PCA is a dimen-
sionality reduction technique, the discarded components almost
certainly contain idiosyncratic variation. Moreover, and follow-
ing from Section 3.2, there were a substantial number of com-
monly occurring patterns across talkers and languages.

4. Discussion and conclusion

This study examines spectral properties and structural similar-
ities in an individual’s voice in two languages. A clear result

Figure 3: The relationship between the two redundancy indices
for three different types of comparisons. Within-talker compar-
isons are clustered at the top right.

is that most of the bilinguals studied here exhibit similar spec-
tral properties, and similar lower-dimensional structure in voice
variation, despite substantial segmental and suprasegmental dif-
ferences across English and Cantonese [26]. In this sense, a ma-
jority appear to have the same “voice” across languages, which
renders voice-as-an-auditory-face an apt comparison.

The comparison of these 34 Cantonese-English bilinguals’
voices across languages suggest more similarity for an individ-
ual across languages than found within a more tightly controlled
group of monolingual English speakers [2, 3]—several analysis
decisions may have contributed to this. We compared similar
components independent of order, which ignores the fact that
similar components may account for different amounts of vari-
ance, but ensures that any comparisons made are among like
items. Any downside to this methodological decision is miti-
gated by the fact that most components made relatively small
contributions, accounting for 4.2–10.3% (95% highest density
interval) of the PCA’s total variance.

While statistical choices may have affected these results,
the data differences between the current and previous studies
are also important to note. This study uses substantially longer
passages than the short samples in [2] and [3]. The larger speech
sample may allow for a more stable underlying structure to
showcase itself, as opposed to the potential for ephemeral vari-
ation in a shorter sample. This possibility is easily testable by
manipulating the length of the speech sample in the analysis.

Ultimately, the goal is to understand how the acoustic vari-
ability and structure of talkers’ voices maps onto listeners’ or-
ganization of a voice space for use in talker recognition and
discrimination. Turning to listener and behavioural data will
help in deciphering what is meaningful variation within a voice
from low level noise that cannot be attributed to a particular vo-
cal signature. Verification from listener performance will help
adjudicate which statistical choices present an acoustic voice
space that matches listener organization.
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spectral shape, spectral noise, as well as formant variables. On
the other hand, F0 co-occurred with a wide variety of variables
(often Energy), but in a manner that was less consistent across
talkers. There were additional components (not reported here)
that were shared by less than half of talkers. In summary, de-
spite the greater amount of shared structure across PCAs than
found in [2], there is still ample room for idiosyncratic varia-
tion, both in terms of which variables co-occur, as well as in
how much variance different components account for.

Table 2: A summary of the most commonly occurring com-
ponents across all PCAs. Variables are only included if
|Loading| > 0.32. Italics indicate additional variables that
were present on a component for a subset of talkers (i.e., an
alternative but related configuration). N indicates the number
of times a component occurred (out of 34), and Var. % gives the
range of percent variance accounted for by the component.

Cantonese English

Variables N Var. % N Var. %

H4*–H2kHz*,
H2kHz*–H5kHz*, F2,
F3, F4

34 9.3–15.5 32 9.2–16.7

H4*–H2kHz* s.d.,
H2kHz*–H5kHz* s.d. 32 6.3–8.3 34 4.1–5.0
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CPP s.d. 29 4.1–5.0 31 4.1–4.9

SHR, SHR s.d. 30 3.8–7.5 29 5.4–7.3

F3, F4, F2 26 6.0–8.5 29 5.8–8.5

F3 s.d., F4 s.d., F2 s.d. 26 5.3–8.6 29 4.7–8.6
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H1*–H2* s.d. 26 4.2–6.5 28 4.2–6.8

3.3. Within-talker analysis

A slight majority of talkers had the same number of compo-
nents for each of their languages (18/34). Of the remainder,
most talkers had a difference of one in the number components
(14/34), and far fewer differed by two (2/34). Redundancy in-
dices for within-talker comparisons ranged from 0.82 to 0.99,
(Mdn = 0.93, M = 0.92, SD = 0.04), and are displayed in Fig-
ure 3, with the two redundancy indices for a given pair plot-
ted against one another. Comparisons across talkers within-
language (range: 0.63–0.98, Mdn = 0.84, M = 0.84, SD = 0.6)
and across-language (range: 0.66–0.98, Mdn = 0.83, M = 0.84,
SD = 0.6) are generally lower, but still relatively high. Within-
talker values were confirmed to be higher than across-talker
comparisons [Welch’s t(71.36) = –17.83, p < 0.001, d = 1.76].

The high values are not unexpected. As PCA is a dimen-
sionality reduction technique, the discarded components almost
certainly contain idiosyncratic variation. Moreover, and follow-
ing from Section 3.2, there were a substantial number of com-
monly occurring patterns across talkers and languages.

4. Discussion and conclusion

This study examines spectral properties and structural similar-
ities in an individual’s voice in two languages. A clear result

Figure 3: The relationship between the two redundancy indices
for three different types of comparisons. Within-talker compar-
isons are clustered at the top right.

is that most of the bilinguals studied here exhibit similar spec-
tral properties, and similar lower-dimensional structure in voice
variation, despite substantial segmental and suprasegmental dif-
ferences across English and Cantonese [26]. In this sense, a ma-
jority appear to have the same “voice” across languages, which
renders voice-as-an-auditory-face an apt comparison.

The comparison of these 34 Cantonese-English bilinguals’
voices across languages suggest more similarity for an individ-
ual across languages than found within a more tightly controlled
group of monolingual English speakers [2, 3]—several analysis
decisions may have contributed to this. We compared similar
components independent of order, which ignores the fact that
similar components may account for different amounts of vari-
ance, but ensures that any comparisons made are among like
items. Any downside to this methodological decision is miti-
gated by the fact that most components made relatively small
contributions, accounting for 4.2–10.3% (95% highest density
interval) of the PCA’s total variance.

While statistical choices may have affected these results,
the data differences between the current and previous studies
are also important to note. This study uses substantially longer
passages than the short samples in [2] and [3]. The larger speech
sample may allow for a more stable underlying structure to
showcase itself, as opposed to the potential for ephemeral vari-
ation in a shorter sample. This possibility is easily testable by
manipulating the length of the speech sample in the analysis.

Ultimately, the goal is to understand how the acoustic vari-
ability and structure of talkers’ voices maps onto listeners’ or-
ganization of a voice space for use in talker recognition and
discrimination. Turning to listener and behavioural data will
help in deciphering what is meaningful variation within a voice
from low level noise that cannot be attributed to a particular vo-
cal signature. Verification from listener performance will help
adjudicate which statistical choices present an acoustic voice
space that matches listener organization.
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HOW REDUNDANCY HOLDS UP ACROSS PASSAGE LENGTHS 
(POSTER)

• Short comparisons are more variable

• Within-language might have higher 
redundancy, but not immediately 
clear

• Takeaway: passage length matters

• More to do here!
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DISCUSSION

• Methodological differences from work by Lee & colleagues (2019, 2020) 
Initial follow up with passage length…
• Seems to be important for all but the most robust components
• Might be more important than language differences

• Robust components seem to show up no matter

• Despite substantial segmental & suprasegmental differences across 
English & Cantonese, bilinguals exhibit similar spectral properties and 
structure in voice variability ➞ voices are like “auditory faces”
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MOVING FORWARD

• Refine the analysis to better account for passage length, etc.

• This work generates predictions related to bilingualism and cognitive 
organization of voices in speech perception 
• currently testing perception
• interest in comparing differences in human and machine 

identification/discrimination with voice (but no black boxes!)
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THANK YOU!

SpiCE was developed with support from Nancy Yiu, Ivan Fong, Ariana Zattera, 
Christina Sen, Kristy Chan, Katherine Lee, Rachel Wong, Rachel Soo, and 
members of the Speech-in-Context Lab: www.speechincontext.arts.ubc.ca

The SpiCE corpus will be available soon! Follow      for updates: @khia_johnson

www.spice-corpus.rtfd.io

http://www.speechincontext.arts.ubc.ca/
http://www.spice-corpus.rtfd.io/
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