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A BS TRACT

Purpose: This study examined the race identification of Southern American
English speakers from two geographically distant regions in North Carolina. The
purpose of this work is to explore how talkers’ self-identified race, talker dialect
region, and acoustic speech variables contribute to listener categorization of
talker races.

Method: Two groups of listeners heard a series of /h/—vowel-/d/ (/hVd/) words
produced by Black and White talkers from East and West North Carolina,
respectively.

Results: Both Southern (North Carolina) and Midland (Indiana) listeners accu-
rately categorized the race of all speakers with greater-than-chance accuracy;
however, Western North Carolina Black talkers were categorized with the lowest
accuracy, just above chance.

Conclusions: The results suggest that similarities in the speech production pat-
terns of West North Carolina Black and White talkers affect the racial categori-
zation of Black, but not White talkers. The results are discussed with respect to

the acoustic spectral features of the voices present in the sample population.

There is a large body of research on the grammati-
cal and morphosyntactic differences between African
American English (AAE) or African American Vernacular
English, reported here as AAE, and White American
English (WAE; see Lanehart, 2015, for a discussion on
WAE in North America). In the last 20 years, research
has compared the acoustic-phonetic properties of AAE
and WAE spoken in the same geographic location (Childs
& Mallinson, 2004; Eberhardt, 2009; Mallinson & Childs,
2004, 2007; Risdal & Kohn, 2014). This research is impor-
tant because differences in word choice, word order, and
verb use are easily identified linguistic variations that
mark AAE as different from WAE. However, segmental,
subsegmental, and suprasegmental differences such as
vowel pronunciation, voice quality, and intonation (Thomas
& Reaser, 2004) may occur below the level of listener
awareness yet provide listeners with information they can
use to classify talkers into racial groups. Therefore, even
when AAE speakers use lexical and morphosyntactic fea-
tures consistent with the WAE variety spoken in their
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community, listeners may be sensitive to a speaker’s racial
identity due to subtle acoustic-phonetic variations.

Regional Variation in AAE

Although historically AAE was described as a singular
dialect (see uniformity hypothesis Wolfram & Fasold, 1974)
used primarily by Black Americans of historical African
descent (Green, 2002; Lanehart, 2015; Wolfram, 2007),
modern evaluations of AAE report regional speech varia-
tion (Thomas & Bailey, 2015; Thomas & Coggshall, 2007,
Wolfram, 2007) in the North (Coggshall & Becker, 2009;
Labov et al., 2016), in the West (Calder & King, 2022; King,
2016; King & Calder, 2020; Mengesha, 2022; Wassink,
2015), in Washington D.C. (Lee, 2011), and in the South
(Bailey & Thomas, 2021; Cukor-Avila, 2001; Farrington,
2018; Fridland, 2003; Holt, 2018; Wolfram, 2019; Wolfram
& Thomas, 2002). AAE vowel production can vary across
regional dialects (Childs & Mallinson, 2004; Holt, 2018;
Mallinson & Childs, 2004; Risdal & Kohn, 2014).

This regional AAE vowel variation results in similar
but not fully aligned vowels between AAE and WAE
speakers. One example of this pattern is back vowel front-
ing, a well-described vowel change observed in many
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communities across the United States (Labov, 2006;
Thomas, 2002). Back vowel fronting is the production of
the back vowels /u/ as produced in whod and /o/ as pro-
duced in hoed with a higher second formant (F2) value
compared to the cardinal production of the vowel. The
prevalence of back vowel fronting for WAE speakers in the
United States is widespread (Labov, 2006). In contrast,
there is limited evidence of back vowel fronting in Black
talkers (Anderson, 2008; Holt, 2018; Thomas, 1989). When
Black talkers participate in the fronting of /u/ and /o/, their
participation varies by talker age and regional dialect
(Anderson, 2008; Arnson & Farrington, 2017; Eberhardt,
2009; Thomas, 2002; Wolfram & Thomas, 2002).

The low back merger of the vowels in cot and
caught is another widespread feature of WAE; however,
AAE speakers are reported to be resistant to this change
in vowel production. Low back mergers have been
observed in geographically distant dialect regions, includ-
ing New England (Clopper et al., 2005), Midland (Majors,
2005), the Western States (King, 2016; King & Calder,
2020; Labov, 2006; Wassink, 2015), and the Southern
United States (Irons, 2007). Although the low back merger
is observed throughout the United States, it is not a defin-
ing feature of Southern American English. Reported resis-
tance has been observed with AAE speakers in Texas
(Bernstein, 1993), Tennessee (Fridland & Bartlett, 2006),
and numerous large centers across the United States, as
surveyed in the Atlas of North American English (Labov,
2006). Again, an exception to this resistance was observed
for AAE speakers in Pittsburgh (Eberhardt, 2009).

A third vowel with observed regional and racial dis-
tinctiveness is monophthongization of the diphthong /ai/.
In the Southern United States, both AAE and WAE
speakers frequently produce this vowel as a monophthong
(Childs & Mallinson, 2004; Thomas & Bailey, 2015), but
the contexts under which this vowel is monophthongized
are regionally and racially conditioned. For AAE talkers
in the Western, Eastern Coastal, and Central Piedmont
regions of North Carolina, /ai/ is likely to be produced as
a monophthong syllable (e.g., tie) before voiced stops
(e.g., tide; Wolfram et al., 2000). However, only talkers in
the Western mountains and Eastern Coastal Plain regions
produce the monophthongal version preceding voiceless
stops (e.g., tight).

African American Shift

The African American shift (AAS) is a hypothesized
vowel change occurring with the lax front vowels /e&/, /¢/,
and /1/ and the low back vowel /a/. Thomas (2007) pro-
posed that this vowel change phenomenon occurs solely
in AAE speakers. In the AAS, the lax front vowels rise
(increase in F2, decrease in first formant [F1]), and the

low back vowel /a/ lowers slightly and moves forward
(increase in F1 and increase in F2). In the AAS, lax vowel
changes occur with no concomitant change to tense vowel
production, in contrast to the Southern vowel shift (SVS),
where change is expected for both the tense and lax front
vowels. In the SVS, the front tense and lax vowels move
toward each other as the tense vowels become lax and
lower (increase in F1, decrease in F2), whereas the lax
vowels tend to move upward (decrease in F1, increase in
F2). SVS may be initiated by the monophthongization of
/ail. The monophthongization of /ai/ to /a:/ creates a gap
in the vowel space. In the SVS, that gap is filled by the
laxing and lowering of /e/ vowel and a concomitant tens-
ing and raising of /e/. The final step in the shift is tensing
and raising of /i/ and the laxing and lowering of /i/. When
the SVS has moved to near completion, the tense lax pairs
fil-I/ and /e/-/e/ either nearly or fully change places
(Labov, 2006). A schematic of the vowel changes
described, including SVS, AAS, low-back merger, and
back vowel fronting, is presented in Figure 1, based on
information from Labov et al. (2008). Although evidence
of AAE participation in the AAS is limited, much of the
data presented in support of the AAS are from Southern
AAE speakers (Thomas, 2002, 2007; Thomas & Bailey,
2015; Thomas & Coggshall, 2007).

AAS and SVS

Both AAS and SVS are expected in the speech of
Black talkers in North Carolina. Holt and colleagues
(Holt, 2018; Holt et al., 2015; Holt & Rangarathnam,

Figure 1. Vowel change events occurring in North American English:
the Southern vowel shift (curved lines), the African American shift
(solid black lines), back vowel fronting (dashed lines), and the low
back merger of open /o/ and the low back vowel. Based on informa-
tion from Labov et al. (2008).
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2018) investigated the distribution of vowel change events.
They analyzed vowel production for AAE and WAE
speakers from East and West North Carolina for partici-
pation in both the SVS and AAS. Holt (2018) showed
participation in the SVS for both Black and White
contemporary Western North Carolina talkers. A cross-
generational comparison of Black and White talkers
(Holt, 2011) found that the younger generation of West
North Carolina White talkers decreased their participation
in the SVS. In contrast, the younger generation of West
North Carolina Black talkers maintained their participa-
tion in the SVS. In the East, neither Black nor White
speakers participate in the SVS (Holt, 2018). The East
North Carolina Black talkers had relatively raised front lax
vowels with no concomitant change in tense vowel produc-
tion, an indication of participation in the AAS (Holt,
2018). A subset of these data (Holt, 2011, 2018), along with
data collected in Holt and Rangarathnam (2018), is used
for the current perception experiments. Figures 2 and 3
show the descriptive representations of F1 and F2 at the
50% duration point for the front vowels heed, hid, heyd,
and head, the back vowels whod and hood; andthelo w
back vowel, as in hod.

Figure 2 (men) illustrates talker participation, or
lack thereof, in the SVS relative raising and fronting of
the tense vowels with concomitant backing and lowering
of the lax vowels, the AAS relative raising of the lax
vowels without lowering of the tense counterpart and low-
ering and fronting of the low back vowel as in /od, and
the back vowel fronting of whod and hoed. West North

Figure 2. Mean F1 and F2 of men for vowels involved in the
Southern vowel shift, back vowel fronting, and African American
shift (adapted from Holt, 2018). F1 = first formant; F2 = second
formant; WAE = White American English; AAE = African American
English.
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Figure 3. Mean F1 and F2 of women for vowels involved in the
SVS, back vowel fronting, and African American shift. F1 = first
formant; F2 = second formant; WAE = White American English;
AAE = African American English.
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Carolina men, Black and White, participate in the SVS,
while East North Carolina Black men participate in the
AAS. The West North Carolina Black males, indicated with
black circles, show raising of the lax front vowels compared
to their East North Carolina Black peers. West North
Carolina Black male talkers produce /e/ as inhead much
closer to the /e/ vowel as in heyd. The West North Carolina
Black // vowel, as inhid, is fronter relative to /e/ and /e/.
The East North Carolina Black males have raised /&/ as in
had and /¢l as inhead relative to East North Carolina White
peers although /i/ vowel remains relatively low. All male
talkers maintain relatively low production of /a/ vowels as in
hod with East North Carolina Black talkers, showing rela-
tively greater lowering and fronting of the vowel consistent
with participation in the AAS. The vowels /o/ as in hoed and
/u/ as in whod remain fully back for the Black male talkers
with relative fronting of the tokens by the White males.

Figure 3 (women) illustrates a similar model of East
North Carolina and West North Carolina AAE and
WAE vowel production consistent with West talker partic-
ipation in the SVS and East Black talker participation in
the AAS. For West Black women, black circles show rel-
ative raising and fronting of /1/ vowel asinkid and /e/ as
in head. Although close, /i/ vowel is higher for West
when compared to East Black women. Both Black talker
groups raised /e/ as inhad compared to their White
peers. The low back vowel (hod) remainslow forall
talker groups, with East Black women showing greater
lowering and fronting, consistent with participation in
the AAS. Again, Black talkers maintain whod /u/ and
hoed /ol fully back compared to their White peers relative
to the fronting of the vowels. The women’s datapre-
sented here include only a subset of the speakers used in
the current experiment.
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Voice Quality and Talker Race

Talkers who adhere to AAE speech production
norms show some segmental and suprasegmental differ-
ences from speakers who use WAE. Differences in voice
quality (e.g., fundamental frequency [FU], jitter, shimmer)
between Black and White speakers have been previously
reported (Andrianopoulos et al., 2001; Walton & Orlikoff,
1994). The influence of race on FO shows no consistent
significant difference between Black and White American
speakers (Andrianopoulos et al., 2001; Walton & Orlikoff,
1994; Xue & Fucci, 2000), although one study found that
lower FO and greater frequency range for Black male
talkers than White male talkers (Hudson & Holbrook,
1981). Some differences in prosodic characteristics have
also been noted (Foreman, 1999; Holliday & Jaggers,
2015; McLarty, 2018; Spears, 1988).

Race Identification

Systematic differences across speakers from various
socioethnic groups allow listeners to identify a speaker’s race
or ethnicity with above-chance accuracy from audio-only
speech stimuli (Lass et al., 1978, 1979, 1980; Newman & Wu,
2011; Perrachione et al., 2010; Walton & Orlikoff, 1994).
Some prior studies have focused on listeners’ abilities to iden-
tify talkers as Black or White (Thomas & Reaser, 2004).
Other investigations have included Hispanic, Asian, or
Native American response categories (Newman & Wu, 2011;
Purnell et al., 1999; Wong & Babel, 2017). For example, lis-
teners accurately categorized the socioethnic identity of
Black, White, Hispanic, and Asian-American speakers from
New York City from a 60-word passage (Newman & Wu,
2011). Similarly, listeners from Vancouver accurately catego-
rized Canadian speakers as White, Chinese, or East Indian
based on semispontaneous sentence productions, although
response accuracy was modulated by the match between the
race and ethnicity of the speaker and the racial and ethnic
composition of the listener’s social network (Wong & Babel,
2017). Listeners can identify Black from White talkers at
greater than chance accuracy in passages (Wolfram et al.,
2000), sentences (Lass et al., 1978), and single vowels
(Walton & Orlikoff, 1994). Race identification accuracy
for speech that was synthetically manipulated, played
backward, time compressed, low- or high-pass filtered, or
monotonized remains robust (Thomas & Reaser, 2004).
There is evidence the acoustic—-phonetic characteristics of
both AAE and WAE are influenced by regional variation;
however, little research exists on how such regional varia-
tion or listener’s familiarity with such regional variation
may influence race identification accuracy.

Thomas and Reaser (2004) provided evidence that
familiarity with a specific regional dialect influences listeners’

racial categorization accuracy. In their study, listeners heard
20-30 s of connected speech from Black and White talkers
from Hyde County (Outer Banks of North Carolina), an
isolated enclave community with a unique regional dialect,
as the test group. This speech and speech from a control
group of Black and White speakers from the Piedmont
and inland regions of North Carolina were presented to
listeners (Thomas & Reaser, 2004). In both studies, the
race identification results revealed that a talker’s adher-
ence to the unique (Hyde County) speech production
norms strongly influenced the misidentification of Black
talkers as White. Listeners from outside Hyde County
were more likely to miscategorize the race of Black Hyde
County talkers compared to White Hyde County talkers
and Black and White talkers from central North Carolina.
These groups were identified with greater than 80% accu-
racy. The extent to which speakers adhere to regional dia-
lect norms appears to influence the accuracy of listener
racial categorization. Perrachione et al. (2010) reported
that Black talkers, producing phonetic variants associated
with WAE including /u/ fronting, were miscategorized as
White more frequently than Black talkers producing pho-
netic variants typically associated with AAE.

The specific acoustic-phonetic cues that listeners
employ to make racial categorization judgments have not
been fully determined, but a range of studies have identi-
fied potential cues (see Thomas & Reaser, 2004, for a
review). Some research has pointed to differences in supra-
segmental characteristics, including rhythm, intonation,
and voice quality, which can used by listeners (Holliday &
Jaggers, 2015; McLarty, 2018; Thomas & Lanehart, 2015)
to identify speaker race. One method for identifying the
importance of these features is to synthetically manipulate
the stimuli (e.g., low-pass filtering, time compression, time
reversal, monotonization) so that listeners are provided
with access to specific acoustic—phonetic information. The
results of these studies suggest that segmental and supra-
segmental cues are important for race identification
(Thomas & Reaser, 2004). Of relevance to the current
study, listeners have been shown to attend to vowel cues in
their race identification judgments (Bryden, 1968; Graff
et al., 1986; Purnell et al., 1999; Walton & Orlikoff, 1994).
For example, Purnell et al. (1999) showed that listeners
could identify the race of a speaker from a single word,
hello. Using a single speaker replicating the speech of a
Black, White, and Hispanic/Latino speaker (code-switching),
listeners categorized the speaker as the intended guise—
Black, White, or Latino—with greater-than-chance accuracy.
An acoustic analysis of the word hello, produced in each
guise, revealed four acoustic cues that listeners may have
used to make their dialect judgments: F2 in the lax vowel
[el,pitch peak (FU), duration of the first syllable in Aello, and
harmonic-to-noise ratio (HNR). Of these four parameters,
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only F2 was found to statistically distinguish between the
three dialects. A more recent study using these stimuli (Schar-
inger et al., 2011) suggested that the extraction of these
acoustic differences and the resultant categorization of the
guises happens very rapidly and pre-attentively. It must be
noted that in this mixed guise experiment, a single male
talker produced all three sets of tokens; therefore, the results
may not be generalizable to experiments in which the stimuli
for different socioethnic categories are produced by multiple
speakers. Note that Purnell et al. compared AAE, a nonstan-
dardized form, to Standard American English. Comparing
nonstandard forms such as AAE to Standardized American
English is an imbalanced comparison. Comparisons of non-
standard forms of speech used by Black and White talkers
from the same geographic region or circumstance such as the
works of Thomas and Reaser (2004), Walton and Orlikoff
(1994), and Hawkins (1992) among many others may pro-
vide greater insight into the mechanisms listeners use to cate-
gorize a talker’s race than comparing AAE and other non-
standard dialects to Standardized American English.

Current Work

In the current work, we continue the investigation
of listeners’ perception of race, with a focus on talker’s
regional variation and listener’s location. Listeners heard
10 /h/~vowel-/d/ (/hVd/) words produced by age- and
gender-matched groups of Black and White speakers from
East and West North Carolina. The listeners were from
either the Southern (from Eastern North Carolina) or the
Midland (from central Indiana) dialect regions. The tokens
presented were selected from previously analyzed data sets
(Holt, 2011, 2018; Holt & Ellis, 2018). Previous acoustic
spectral analyses (Holt, 2011, 2018; Holt & Rangarathnam,
2018) of the speech tokens presented to listeners in this
experiment revealed that West Black talkers aligned with
West White talkers in vowel production. Measurements
included F1 by F2 in Hz for vowel location, vowel-inherent
spectral change, and spectral rate of change. West Black
men and women’s alignment with White peers contrasted
with that of East Black talkers who did not show a similar
alignment of vowel production with East White peers.
Based on previous work as described above, we posed the
following research questions:

QI. Does talker adherence to regional vowel productions
that vary according to socioethnic/racial expectations
affect listener race identification accuracy?

We hypothesized that listeners would be less accurate at
race identification for West Black talkers whose vowel
productions have already been shown to align more
closely with the regional vowel productions of their WAE
peers than for East Black and White speakers whose
speech varies along socioethnic/racial lines.

Q2. Does the listener’s dialect region—a proxy for dialect
familiarity—influence race identification accuracy?

We hypothesized that Southern (North Carolina) listeners
would show an advantage in race identification accuracy
compared with Midland (Indiana) listeners.

Q3. Does gender influence race identification accuracy?

In general, West Black talkers showed greater alignment
in vowel production with White peers than East Black
talkers (Holt, 2018; Holt & Ellis, 2018). Therefore, we
hypothesized that race identification accuracy may be
influenced by interactions among talker sex/gender, race,
and regional dialect.

Method
Listeners

There were two groups of listeners: current Indiana
residents (n = 44; Midland listeners) and current East
North Carolina residents (n = 28; Southern listeners). All
listeners passed a pure-tone hearing screening at 25 dB for
250 Hz and 20 dB for octave intervals between 500 and
8000 Hz. The demographic characteristics of the partici-
pants are presented in Table 1. Most Southern listeners
indicated their U.S. regional dialect as Southern (n = 27),
with one participant indicating the same value for expo-
sure to all regional dialects of American English. Midland
listeners rated their exposure to the U.S. dialects, as
described in Table 1.

Stimuli

The presented words were previously collected and
analyzed for consistency with regional sound change
(SVS) and socioethnic vowel change (AAS; Holt, 2011,
2018). Talkers self-identified as Black or White. As illus-
trated in Figures 2 and 3 and described in the paragraphs
surrounding the figures, East and West White and Black
talkers show consistency in vowel production by region
and race. The East Black talkers are participating in the
AAS but no aspects of the SVS. The West Black talkers
are participating in some but not all aspects of the SVS.
The West Black talkers are not participating in the AAS.
The East White talkers show back vowel fronting but no
front vowel changes consistent with the SVS. The West
White talkers show back vowel fronting and changes to
the front vowels consistent with the SVS. Listeners were
presented with previously collected recordings of talkers
producing the i Vd words heed, hid, head, had, hayed, hide,
hood, howed, hoyed, and whod. Each listener heard 24 pro-
ductions of 10 /hVd/ words for a total of 240 different
stimuli. Listeners heard two presentations of each word
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Table 1. Listener demographic information and dialect exposure.

Listener group Midland n = 44 (Indiana) Southern n = 28 (North Carolina)
Age (in years) average 21 (range: 18-30) average 21 (range: 18-30)
Sex (self-identified) 18 males 13 males
26 females 15 females
Ethnic group (self-reported)
Hispanic/Latino 3 0
Not Hispanic or Latino 39 28
Prefer not to answer 2 0
Race (self-reported)
White 31 15
Black or African American 7 12
Multiple races 3 1
Asian American 3 0
Other 1 0
U.S. regional dialect (self-reported)
Current location 23 27
Northern 13 0
Some other regional dialect of American English 8 1
Dialect exposure for current location (1 = no exposure M = 4.5, range: 3-5 M = 4.6, range: 1-5
through 5 = daily at home exposure)

Note. For both Southern and Midland listeners, the predominant regional dialect exposure was consistent with the listener’s physical location:

Midland for Indiana and Southern for North Carolina.

from each speaker, for a total of 480 presentations.
Talkers were evenly divided by sex, race, and geographic
dialect region: 12 were from East North Carolina (Pitt
County, representing the Coastal Plain dialect) and 12 from
West North Carolina (Iredell County, representing the
Piedmont dialect). The two dialect regions were geographi-
cally distant and separated by 370 km. The words presented
to listeners were chosen to highlight regional and socioeth-
nic differences in speech production between the East and
West talkers and the Black and White talkers.

West talker speech is consistent with SVS, as identi-
fied by Labov et al. (2008). Holt (2018) previously evalu-
ated the stimuli and established that Black West talkers,
both men and women (Holt, 2011), participated in aspects
of the SVS and produced vowels in a manner consistent
with West White peers.

East speakers, neither Black nor White, participate
in the SVS, and the vowel systems of Black and White
speakers remain relatively distinct (Holt, 2018). Addition-
ally, the East Black talkers, both men and women, show
raising of the front lax vowels, consistent with participa-
tion in the AAS, as illustrated in Figures 2 and 3.

All speakers reported that they were typically devel-
oping with no history of speech or hearing disorders. At
the time of recording, the speakers were free from colds
and other upper respiratory diseases. The talkers were
between 20 and 40 years of age (M =27) at the time of
recording (Holt, 2011, 2018).

Procedure

Prior to the start of the experimental tasks, study
procedures were approved by the East Carolina University
Institutional Review Board (IRB) UMCIRB 18-000727.
All listeners completed an IRB-approved consent form,
protected health information form, demographic question-
naire, and hearing screening. The experimental assessment
was conducted in a sound-attenuated booth (up to four
listeners at a time) in Indiana and (one at a time) in North
Carolina. All listeners completed two experimental tasks,
a word identification task and a race identification task.
Stimulus presentation was randomized. For each task, lis-
teners were presented with two blocks of 240 trials. In each
block, all 240 stimuli were presented to listeners. Therefore,
listeners heard each speaker producing the target stimulus
item 4 times (twice in the race identification task and twice
in the word identification task). The focus of the current
work is on listener ability to correctly identify talker race;
therefore, only the protocol and results of the race identifi-
cation task are reported in this article. The listeners were
given breaks every 60 trials within each block. This break
required listeners to pause for 20 s. Between blocks in each
experimental task, listeners were required to take a 2-min
break. The listeners were provided with a longer break
between the two tasks.

At the start of each trial of the race identification
task, a fixation cross was presented in the center of the
screen for 500 ms, followed by a blank screen for 500 ms
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to orient the listener to the task and the location of the
response boxes on each screen. After this orientation, two
boxes appeared on the screen: one labeled Black and the
other labeled White. One of the 240-word stimuli was played
simultaneously with their appearance. Listeners were
instructed to click the appropriate box to categorize their
perceived race. Once the listener’s selection had been made,
the next trial began. Listeners did not have a time limit for
their response entry, did not receive feedback on the accu-
racy of their responses, and could not replay the stimulus.
For Midland listeners, each word was presented binaurally
over Sennheiser HD280 Pro headphones at an SPL of
approximately 68 dB. Southern listeners heard stimuli over
Sennheiser HD280 Pro headphones at a listener-defined
comfortable listening level of 45-70 dB SPL. Stimulus pre-
sentation and response recording were automatically con-
trolled by a program written in PsychoPy (Peirce, 2007) on a
Mac Mini 2.4 in Indiana, and on a Dell Precision 3200 in
North Carolina. The total test time was 1.5 hr. Indiana par-
ticipants were compensated for $15 for their time. Partici-
pants from North Carolina were volunteers, as no funds for
payment were available at the time of the experiment.

Analysis

Listener response data were analyzed using mixed-
effects logistic regression. Listener accuracy was defined as
the correct identification of a speaker’s race. Listener
accuracy was used as the dependent variable. The models
described below include talker race (i.e., Black vs. White),
talker dialect (i.e., East vs. West), and the interaction
between these two factors as fixed effects, and both factors
were dummy coded. These factors capture the primary
research questions. Additional models included talker gen-
der and listener location to investigate the impact of these
factors on race identification accuracy. Other possible
interactions were found to be insignificant and are not
included here. The presented models included random
intercepts for speakers, listeners, and spoken words. The
models using random slopes failed to converge. Therefore,
the random slopes were not included in the model. Below,
we describe the results of the models and present figures
that illustrate these results.

To further evaluate the relationship between the
acoustic characteristics of speakers’ voices and race identi-
fication, principal component analysis (PCA) was com-
pleted. This procedure was chosen to identify acoustic
characteristics that were significantly associated with race
identification. As the acoustic spectral features collected
for analysis are derived from the harmonic and inhar-
monic (noise) components of the vocal signal, strong rela-
tionships between the variables are expected. To account
for these strong relationships, a regression analysis was

performed to assist in identifying the relevant factors prior
to submitting the variables to the PCA.

Results

Talker Race, Talker Dialect,
and Their Interaction

Below, we present three figures, each of which fur-
ther subdivides the data. Figure 4 shows the accuracy
results as a function of the talker race and talker dialect.
In this figure, listeners are more accurate at correctly iden-
tifying White talkers than Black talkers and are more
accurate at identifying speakers from East North Carolina
than West. This effect appears to be driven by Black
speakers from the West North Carolina dialect. These
were identified much less accurately than any other group
of speakers. The statistics confirmed this observation.

Table 2 summarizes the full model. Both talker race
and talker dialect significantly contributed to model fit
(z =2197, p = .028; z = —-6.601, p < .0001). Critically,
the interaction between these two factors also significantly
contributed to model fit (z = 4.173, p < .001). Taken
together, these results suggest that both the talker dialect
and talker race significantly improve the model fit.

Figure 5 shows the accuracy results for identification
as a function of the talker dialect, talker race, and listener
location. Southern listeners showed a slightly higher race
identification accuracy than Indiana listeners. As expected,
and according to the self-reports of dialect exposure, Mid-
land listeners have fewer opportunities for exposure to
North Carolina dialects than North Carolina listeners.
The results of the mixed model provide additional support

Figure 4. Mean race identification accuracy (proportion correct) for
Black talkers (left) and White talkers (right) and by dialect with East
talkers in white and West talkers in gray.
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Table 2. Predictors.

Accuracy
Variable Odds ratios Cl P
(Intercept) 4.45 [3.24, 6.10] < .001
Talker race [White] 1.53 [1.05, 2.22] .028
Talker dialect [West] 0.28 [0.20, 0.41] < .001
Listener location [North Carolina] 1.21 [1.01, 1.46] .044
Talker gender [Woman] 1.28 [0.98, 1.68] .065
Talker race [White] x Talker 3.1 [1.82, 5.29] < .001
dialect [West]

Note. Bold indicates statistically significant difference. Cl = confidence interval.

for listener dialect exposure as a positive factor in
talker race identification. Listener location significantly
improved model fit (z = 2.017, p = .0437), suggesting that
listeners with greater exposure to the target dialects more
accurately identified a speaker’s race than listeners with
less exposure.

Figure 6 shows the listener accuracy as a function of
talker race and talker dialect, and speaker gender. The fig-
ure illustrates the consistency with the overall pattern of
identification accuracy for both men and women. Again,
greater, but not statistically significant, variability is noted
in race identification for West Black women than for West
Black men. The results of the statistical analysis support
this observation, as talker gender did not significantly
improve the model fit (z =1.847, p = .0647).

Voice Quality Spectral Acoustics

The vowel portion of each word, heed, hid, head,
had, hayed, hide, hood, howed, hoyed, and whod, was

Figure 5. Race identification accuracy (proportion correct) is on the
y-axis. Talker dialect is East in white and West in gray. Talker race is
indicated on the bottom x-axis with Black on the left and White on the
right in both panels. Listener location is indicated on the top x-axis
with Midland listeners on the left and Southern listeners on the right.

manually identified and marked in a Praat text grid and
then submitted to the automatic voice analysis program
VoiceSauce (Vicenik et al., 2024) using standard settings
for parameter estimation as outlined in the program’s
manual. The following 26 variables were extracted pitch,
FO, the first three formants (F1, F2, and F3), the first
three harmonics’ amplitudes calculated at the spectral
peak maximum as estimated by FO (H1*, H2*, and H3%),
the first three formants amplitudes (A1*, A2*, and A3¥)
measured as the mean corrected value of formants and
bandwidths every 20 ms, the relative corrected amplitudes
of the first and second harmonics, (H1*-H2%*), the relative
corrected amplitudes of the second and fourth harmonics
(H2*-H4*), corrected harmonic amplitudes using formant
frequencies and bandwidths (H1*-A1*, HI*-A2*, H1*-A3%),
and the spectral slopes from the third harmonic to the
harmonic nearest 2 kHz in frequency (H3*-2k*), the spec-
tral slopes from the fourth harmonic to the harmonic
nearest 2 kHz in frequency (H4*-2k*), the root-mean-
square of energy (Energy) calculated in the variable win-
dow equal for each five pitch pulses, cepstral peak

Figure 6. Race identification accuracy (proportion correct) by talker
gender (men on the left and women on the right). Within each gender
panel, Black talkers are on the left and White talkers are on the right.
Talker dialect is shown by color: East in white and West in gray.
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prominence (CPP), HNR from 500 to 3500 Hz (HNR 05
below 500 Hz, HNR 15 below 1500 Hz, HNR 25 below
2500 Hz, HNR 35 below 3500 Hz) subharmonic ratio
(SHR), and strength of excitation (SoE). Vowel duration
(Dur) in milliseconds was also calculated from the onset of
the first positive pitch peak to its offset. Using the method
described by Lee (2018), the acoustic variables were classi-
fied categorically, as illustrated in Table 3.

Acoustic variables were inspected for outliers,
defined as values of more than 3 SDs from the arithmetic
mean. Outliers were not identified in the data. Next, zero
values were removed, as they represent variables that
could not be measured owing to pitch tracking errors or
an inaccurate measure of F0O. All values were normalized
between 0 and 1 prior to analysis.

We first added voice quality measures to the logistic
mixed models in the manner described above; however,
the results were not interpretable, largely because none of
the individual predictor variables were significant alone.
This is likely because race categorization is not reliant on
a single acoustic factor but a constellation of factors.
Therefore, we submitted the values to forward and back-
ward stepwise regression analysis in SPSS (Version 26.0)
to identify significant variables in the equation. Regression
equations were completed using race identification as
a predictor variable. The backward regression model
revealed Dur, H1*, H2*, A3* H2*-H4*, H4*-2k* CPP,
Energy, HNR 05, HNR 15, HNR 25, HNR 35, SHR, F0,
F1, F2, F3, and SoE, whereas the forward regression
model revealed Dur, A3*, H1*-H2* H2*-H4k* H4*-
2k*, CPP, Energy, HNR 05, HNR 15, HNR 25, HNR 35,
SHR, F1, F3, and SoE. Nineteen of the 26 variables derived
from Voice Sauce contributed significantly to the model.
The variables Dur, H1*, H2* A3* F), Fl, F2, F3, SoE,
Energy, SHR, CPP, HNR 05, HNR 15, HNR 25, HNR 35,
HI1*-H2*, H2*-H4*, and H4*-2k* were selected for PCA.

Next, the Kaiser-Meyer—Olkin (KMO) Test for
Sampling Adequacy (IBM, 2021) was run to determine if

Table 3. Acoustic variables.

our data were suitable for PCA. The KMO value was
0.58, indicating marginal suitability for analysis. To test
the suitability of the data for a factor analysis, the Bar-
tlett’s test of sphericity (IBM, 2021) was also conducted;
the value obtained was < .001. A significant chi-square
value (x° = 339,012.67) with 36 df was obtained, indicat-
ing the presence of covariance and a linear relationship
between the variables. A scree plot was used to determine
the appropriate number of factors visually. Eigenvalues
below 0.32 were suppressed (Costello & Osborne, 2005). The
eigenvalues for Dimensions 1 and 2 explain 70.48% of the
cumulative variance. The remaining dimensions did not
reach an eigenvalue of 1 and will not be discussed. PCA
was performed using oblique rotation. Significant contri-
butions to factor loadings emerged for six components in
Dimension 1 and for three components in Dimension 2
(see Table 4). The first dimension shows high positive fac-
tor loadings for HNR 05, HNR 35, HNR 25, F0, and SoE
and a high negative factor loading for energy. High posi-
tive factor loadings were observed in Dimension 2 for
H4*-H2* and F2. A high negative factor loading was
observed for A3* in Dimension 2.

As race identification based on the speaker’s voice
was the value of interest, a second PCA was completed
using only cases in which the race was incorrectly identi-
fied. The KMO value was 0.57, again indicating a marginal
suitability for the analysis. Bartlett’s test of sphericity was
conducted and a significant chi-square value (¥ = 74,004.02)
with 36 df was observed. A scree plot was used to determine
the appropriate number of factors visually. Values below
0.32 were suppressed (Costello & Osborne, 2005).

Eigenvalues for Dimensions 1 and 2 explained
69.57% of the cumulative variance, and Dimension 3
accounted for an additional 11.66%, resulting in 81.23%
of the variance accounted for in three dimensions. The
remaining dimensions did not reach an eigenvalue of 1
and were not included in the discussion. PCA was per-
formed using oblique rotation. Significant contributions to

Variable categories

Acoustic variables

Pitch FO
Formant frequencies F1, F2, F3
Harmonics H1*-H2*, H2*-H4*, H3*-2k*, H4*-2k*, H2kHZz*~H5kHz, H1*

Spectrum slope

H2*, H3"

Inharmonic source/spectral noise

HNR 05, HNR 15, HNR 25, HNR 35, CPP, Energy, SHR,

Other Dur [vowel duration], A1*, A2*, A3~ [first three formants amplitudes],
SoE [voicing amplitude]
Note. FO = fundamental frequency; F1 = first formant; F2 = second formant; F3 = third formant; HNR = harmonic-to-noise ratio; CPP = cepstral

peak prominence; Energy = the root-mean-square of energy; SHR = subharmonic ratio; Dur = vowel duration; SoE = strength of excitation.

*Denotes corrected value.
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Table 4. PCA factor loadings.

Variable Dimension 1 Dimension 2
HNR 05 0.89

HNR 25 0.89

HNR 35 0.89

FO 0.87

SoE 0.79

Energy -0.69

H4*—2k* 0.91
A3* -0.76

F2 0.63

Note. PCA = principal component analysis; HNR = harmonic-to-
noise ratio; FO = fundamental frequency; SoE = strength of excita-
tion; Energy = the root-mean-square of energy; F2 = second
formant.

*Denotes corrected value.

factor loadings emerged for six components in Dimension
1, one component in Dimension 2, and one component in
Dimension 3 (see Table 5). The first dimension showed
high positive factor loadings for HNR 25, HNR 15, HNR
35, HNR 05, and H1*-H2* with a relatively high negative
factor loading for energy. High factor loadings were
observed for SHR in Dimension 2 and F2 in Dimension 3.

Discussion

This study explored the interaction of the talker race
and the talker regional dialect in a binary (Black or
White) race identification task for distinct regional dialects
of Southern American English in East and West North
Carolina. Two listener groups—one from the Midland
dialect region in Indiana and the other from the Southern
dialect region in East North Carolina—heard iVd words
produced by 24 male and female speakers, evenly divided
by race and the North Carolina dialect region. The

Table 5. PCA factor loadings error responses.

Variable Dimension 1 Dimension 2 | Dimension 3
HNR 25 0.97

HNR 15 0.96

HNR 35 0.96

HNR 05 0.89

H1*-H2* 0.40

Energy -0.39

SHR 0.98

F2 0.92

Note. PCA = principal component analysis; HNR = harmonic-to-
noise ratio; Energy = the root-mean-square of energy; SHR = sub-
harmonic ratio; F2 = second formant.

*Denotes corrected value.

following discussion analyzes our findings and addresses
the research questions.

Ql. Does talker adherence to regional vowel pro-
ductions that vary from socioethnic/racial expectations
affect listener race identification accuracy?

The listeners identified the race of White talkers
with greater accuracy than Black talkers and identified
East North Carolina talkers more accurately than the
West. This result appears to be driven by the listeners’
low race identification accuracy of West North Carolina
Black talkers. North Carolina West Black talkers were
identified with just-above-the-chance accuracy.

The East Black speakers’ adherence to the suprare-
gional socioethnic AAS has a positive effect on their race
identification compared to the lower race identification for
Black talkers from the West. For example, participating in
the SVS may be associated with being White in the minds
of the listeners in this experiment. Conversely, talker adher-
ence to regional (or supraregional) vowel productions that
meet racialized expectations appears to be positively associ-
ated with race identification. For example, participating in
the AAS and the absence of back vowel fronting may be
associated with being Black in the minds of the listeners in
this experiment. The distribution of accuracy by race and
region supports our hypothesis that listener race identifica-
tion is affected by Black talker adherence to regional vowel
productions that defy listener expectations.

Q2. Does the listener dialect region—a proxy for
dialect familiarity—influence race identification accuracy?

Southern listeners were more accurate in race identifi-
cation compared to (Indiana) Midland listeners. These
results suggest that daily exposure to Southern American
English is positively associated with race identification accu-
racy for Southern American speakers in this experiment.

Q3. Does talker gender influence race identification
accuracy?

The obtained results revealed no significant differ-
ences in listener responses by talker gender. In addition to
our analysis of listener race identification of speech stim-
uli, we also evaluated how the source and filter compo-
nents of aperiodicity in the speech signal may have influ-
enced listener race categorization. Following the regres-
sion analysis, a PCA was completed on the vowel portions
of each word. PCA was resolved into two components.
Component 1 explained 48.1% of the variance with high
positive factor loadings for the normalized harmonics
HNR 05, HNR 25, HNR 35, F0, and the amplitude of
voicing (SoE). A high negative factor loading was
observed for the inharmonic (spectral noise) source
energy. Previous researchers have observed that White

Holt et al.: Race ID in the United States 4623

Downloaded from: https://pubs.asha.org 72.83.2.69 on 12/11/2024, Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions



listeners associated lower HNR (more periodic) signals with
Black (African American) speakers. The same bias was not
found in Black (African American) listeners. In the current
study, we found no significant differences in listener perfor-
mance according to race.

Both the SoE and the Energy are closely related to
the intensity of energy in the speech signal. Energy is a
quantitative measure of signal amplitude, whereas SoE is
a broader construct defined as the slope of the zero-
frequency filtered signal around the glottal closure
instants. Put plainly, SoE is a measure of the strength of
vocal fold closure during the production of voiced speech
(Pravena & Govind, 2017). The SoE, derived from the
vowel portion of each word in the current data set, is
strongly associated with race identification in Component
1 of the PCA. Energy, a measure of perceived average
loudness in the speech signal, showed a strong negative
association with race identification in Component 1 of the
PCA. The SoE, as all the values presented in this text, is
simply an extracted numeric measure. Within a general set
of physical parameters, the talker can manipulate this
measure. The meaningfulness of this manipulation and the
derived numeric value may differ among different talker
communities. Our finding that SoE is useful in listener
evaluations of race points to the need for additional
research in this area with Black talkers, including those
who use AAE.

Component 2 accounted for an additional 22% of
the variance for a total of 70%. The degree of spectral
energy attenuation, and tilt at low frequency, below 2 kHz,
and the normalized values of F2 were positively correlated
with race identification, while A3 showed a strong negative
correlation with accurate race identification.

A second PCA was completed using only the error
responses to determine whether listeners used the same
components for correct and incorrect evaluations of race.
Threwee components were extracted from the error
response PCA. Component 1 revealed a strong positive
association for the same HNR components as the full
PCA plus HNR 15 and a smaller positive association for
H1*-H2. Smaller HNRs were associated with Black (Afti-
can American) speakers, as previously described. HI1*-H2
is associated with listener perceptions of breathy to modal
or creaky to modal voices. Energy was again negatively
associated with race identification, although the associa-
tion was smaller for error-race identification. SHR had a
strong and sole association in Component 2, while F2
was the sole factor in Component 3. F2 was identified by
Walton and Orlikoff (1994) as a reliable measure of race
identification.

The PCA analysis provides information on the voice
quality characteristics of listeners used in their perceptual

evaluation of the talker race. The factors FO, F2, and
HNR were previously identified as relevant measures for
identifying AAE talkers. In the current experiment, lis-
teners were presented with AAE speakers from two distant
dialects. Our hypothesis that listeners would have diffi-
culty accurately categorizing the race of West Black
talkers was upheld, and our analysis provided insight into
the spectral acoustic factors of talker speech associated
with accurate and error-race identification in the presence
of unfamiliar regional dialect use by Western AAE
speakers. The talker projection of racial and regional iden-
tities is signaled by the intersection of multiple acoustic
variables. The current results provide insights into some of
these aspects.

The results presented here add to the body of evi-
dence on internal variation in AAE. It must be noted the
references cited as the foundation of this work illustrate
the need to continuously examine the acoustic spectral fea-
tures of all varieties of U.S. English as some of the find-
ings may be the result of change over time in either or
both listener or talker speech behavior and experience.
Future researchers should include representative samples
of all talkers within a community including Black talkers
that use AAE. Listeners from within and from outside the
community should be included in perception experiments
to ensure universal features are in fact universal across
talker and listener groups. This inclusive research method
provides for a robust collection and analysis of the speech
in each community.

Conclusions

The purpose of this study was to evaluate how
talker adherence to regional dialect variation and listener
familiarity with regional dialects affect race identification
for Black and White talkers. The results showed that
when speech tokens of two Black talker groups—one
using supraregional productions associated with AAE and
the other using regional productions typically associated
with regional White U.S. English—are presented to lis-
teners, the Black talkers who use the regional, not the
supraregional, productions are frequently miscategorized
as White. When talkers, both Black and White, use pro-
ductions typically associated with their self-identified
racial group, they are accurately categorized as self-
identified with well-above-chance accuracy.

The results shared in this work contribute to conver-
sation on race identification within and between racial,
socioethnic, and socioregional dialect groups. This work
shows that, indeed, there is much more to learn about AAE
through the modeling of spectral acoustic data. The results
suggest that Black talkers who use AAE employ multiple

4624 Journal of Speech, Language, and Hearing Research e Vol. 67 e 4614-4627 e December 2024

Downloaded from: https://pubs.asha.org 72.83.2.69 on 12/11/2024, Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions



spectral and acoustic factors of voice to signal their regional
identity in concert with their race/socioethnic identity and lis-
teners may associate subsegmental aspects of voice with
supralinguistic features, including trust, distress, anger, and
boredom. Racial identification and these supralinguistic fea-
tures are both identifiable in the same acoustic spectral fea-
tures of voice. To our knowledge, this is the first time that
these data have been explored. Our results further suggest
that race and regional identity are indebted to both the local
and supraregional linguistic constructs. Future research
should continue investigations of both community internal
and external perceptions and the production of talker iden-
tity in the communities of practice and listener perceptions
of race in concert with other supralinguistic constructs.
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