Research Article

Effect of Competition, Signal-to-Noise Ratio,
Race, and Sex on Southern American English
Dialect Talkers’ Sentence Recognition

Andrew Stuart!

TEast Carolina University, Greenville, NC

J Am Acad Audiol 2020;31:521-530.

Abstract

Key words

= dialect

= multitalker babble
> noise

= sentence recognition

Introduction

Yolanda F. Holt!

Alyssa N. Kerls' Madeline R. Smith’

Address for correspondence Andrew Stuart, Department of
Communication Sciences and Disorders, East Carolina University,
Greenville, NC 27858-4353 (e-mail: stuarta@ecu.edu).

Background Although numerous studies have examined regional and racial-ethnic
labeling of talker identity, few have evaluated speech perception skills of listeners from
the southern United States.

Purpose The objective of the study was to examine the effect of competition, signal-
to-noise ratio (SNR), race, and sex on sentence recognition performance in talkers from
the Southern American English dialect region.

Research Design A four-factor mixed-measures design was used.

Study Sample Forty-eight normal-hearing young African American and White adults
participated.

Data Collection and Analyses The Perceptually Robust English Sentence Test Open-
set was used in quiet and in continuous and interrupted noise and multitalker babble at
SNRs of —10, -5, 0, and 5 dB.

Results Significant main effects of competition (p < 0.001) and SNR (p < 0.001) and a
competition by SNR interaction were found (p < 0.001). Performance improved with
increasing SNRs. Performance was also greater in the interrupted broadband noise at
poorer SNRs, relative to the other competitors. Multitalker babble performance was
significantly poorer than the continuous noise at the poorer SNRs. There was no effect
of race or sex on performance in quiet or competition.

Conclusions Although African American English and White American English talkers
living in the same geographic region demonstrate differences in speech production,
their speech perception in noise does not appear to differ under the conditions
examined in this study.

the listener’s category boundaries for /e-&/ and [&-a/ tokens
that directly corresponded to their different regional produc-

Beyond regional and racial-ethnic labeling of talker identity,
limited research has evaluated speech perception skills for
African Americans and White Americans from the southern
United States. Regional differences in speech perception have
been previously documented. For example, Willis®® asked
listeners from Buffalo, New York, and Fort Erie, Ontario, to
categorize synthetic vowels, finding substantial differences in

tion of those tokens. Labov and colleagues examined regionally
diverse North American English listeners’ recognization of
vowels (Labov et al??), excised vowels, words, and sentences
(Labov?’; Labov and Ash?®). The listeners had difficulty in
correctly recognizing vowels, words, and sentences produced
by talkers from distant geographical regions and sometimes by
talkers from their own ethnically diverse communities.
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A listener’s difficulty in accurately recognizing speech
tokens (i.e., vowels, words, or sentences) produced by talkers
from distant communities and sometimes speech tokens
produced by diverse talkers from their own community
may be related to a difference in cue weighting strategies
used within a group. As discussed by Holt and Lotto?? listener
strategies for the use of cues may be language- or dialect-
specific along four dimensions: (a) acoustic informativeness
for category identity (i.e., the parameter is useful for distin-
guishing categories), (b) variance (i.e., the amount of pattern
variation within a category and between categories), (c)
perceptual weight (i.e., the robust nature of the auditory
representation of the token to the auditory system where
equal physical changes do not result in equivalent changes in
perception), and (d) auditory task (i.e., phonetic categoriza-
tion without a lexical component may be more difficult to
perceive with accuracy).

Thomas®’ provides an example of the implementation of
different cue weighting strategies based on group. He evalu-
ated White talkers from Ohio and Mexican-American talkers
from Texas on their production and perception of the vowel
height in the words “tight,” “tide,” and “tie.” Both groups
produced higher glides (i.e., lower F; and higher F,) preced-
ing the voiceless consonant in “tight,” but their perceptual
use of the spectral change for “tight,” “tide,” and “tie” varied.
The White Ohio participants used the height difference as a
cue to discriminate “tight” from “tide”—production of final
/d/ versus [t/. This perceptual alignment was concomitant
with the low rate of final stop release for the Ohio group. The
Mexican-American Texas participants used the spectral cue
to distinguish between the /d/ as in “tide” and null as in “tie.”
The Texas group, unlike those from Ohio, had a high rate of
final stop release in the productions of “tight” and “tide.” The
results of this experiment suggest the two groups of talkers
assign different values to the same spectral cue and may have
paired the spectral change with secondary cues on final
release burst to make their judgments. One group used the
height variation to cue the presence or absence of voicing,
whereas the other group used it to cue the presence or
absence of the phonetic and phonological final stop.

Similarly, Labov?’ and Labov and Ash?® reported listeners’
performance when presented with unfamiliar regionally
distinctive productions of the tokens [u/ as in “boot,” [o/
asin “boat,” and /a5/ as in “out” from lifelong members of the
Pamlico Sound region of North Carolina. The listeners who
were from outside this region were unsuccessful in recog-
nizing the tokens with above chance accuracy. These results
suggest that listeners who are less familiar with a regional
dialect of North American English may not be able to parse
the cues present in the speech token to accurately identify
the intended speech target. As described by Holt and Lotto?>
auditory tasks that require phonetic categorization outside a
lexical frame may be more difficult for a listener.

Speech discrimination and identification tasks require the
listeners to align their knowledge and experience with the
presented tokens. Cue weighting strategies, particularly for
vowels, but also for consonants, are influenced by temporal
relationships (duration), acoustic spectral variance (transition
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and glide height), and burst release for syllable final stops. The
self-same auditory stimulus may be identified as different
targets based on the linguistic experiences and expectations of
the listener. For longer utterances presented under ideal
listening conditions, with syntactic and lexical cues present
to support a listener’s identification accuracy, it is possible
listeners with varied backgrounds and linguistic experiences
would demonstrate equivalent skills when completing a
speech recognition task. However, under challenging condi-
tions, because of variation in cue weighting strategies that may
be influenced by regional and racial-ethnic linguistic experi-
ences, it is unknown how a diverse group of monolingual
listeners with varying dialects might perform on a speech
recognition task.

African American English (AAE) talkers living in the same
geographic region as White American English (WAE) peers
have been noted to use a distinct dialect termed AAE. The
phonological and morphosyntactic variation in AAE is well
described (e.g., Green'?). More recently, attempts have been
made to complete acoustic phonetic descriptions of AAE and to
catalog the regional variation within the dialect. In southern
versions of AAE, as spoken in eastern North Carolina, similari-
ties and differences have been noted in the vowel space area for
AAE and WAE talkers. The AAE members of the community
raise the vowels /1, €, &/ as produced in the words “hid,” “head,”
and “had,” producing tokens with lower F; values than WAE
speaking peers. For the vowels [u/ as in “whod” and /o/ as in
“hoed,” the AAE talkers produce tokens with lower F, than WAE
peers (Holtzz). These differences in speech production may
result in speech perception differences for the members of this
racial-ethnic diverse group in a manner consistent with that of
Willis,®® where group differences in vowel production were
observed as group differences in the perception of vowel token
boundaries.

Differences in vowel perception and production, although
intriguing, do little to enhance our understanding of the
functional use of cue weighting strategies by listeners engaged
in tasks consistent with real-world listening difficulties. For
example, a listener’s ability to accurately extract a speech
signal in a noisy environment is of particular theoretical and
practical interest. Does a listener’s racial-ethnic background
and dialect exposure significantly alter the ability to extract
and encode speech stimuli? The primary variable contributing
to the ability to perceive speech is audibility. During situations
of daily living, a myriad of additional factors affect speech
perception. This is due in part to the variability encountered in
everyday listening situations. Performance in a speech percep-
tion task is predicated on talker internal, previously described,
and talker external variables. Additional variables include
background competition (e.g., type and level), additional
listener variables (e.g., cognitive status, age, and hearing
sensitivity), and response task goal (e.g., discrimination, iden-
tification, or recognition; Gilbert et al'®; Theunissen et al®).
Speech recognition performance can differentiate normal
listeners and those with disordered speech perception. How-
ever, differences in speech recognition performance between
and among groups of listeners do not identify what cue
weighting strategies listeners’ use. Cue weighting strategies
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are likely to be different because of, in part, the wide variety of
talker internal variables related to typical exposure to any
variety of North American English dialects. For example, a
listener’s ability to discriminate the vowels in “boot,” “boat,”
and “out” or to distinguish the words “tight,” “tied,” and “tight”
or “head” and “had” should be predicated solely on the
listener’s ability to discriminate the tokens, not on their
knowledge and experience with the regional dialect of the
talker. Incorporating speech from a variety of North American
English dialects in speech perception assessments is one way
to address this shortcoming, yet the performance of racial-
ethnic diverse listeners on such a task is still unknown.

To the best of our knowledge, there are no studies examin-
ing speech perception in noise skills for African Americans and
White Americans from similar regional dialects. When choos-
ing test materials, traditional word and sentence recognition
materials are problematic because they typically have been
designed to remove sources of variability using single talkers
with indistinct regional dialect speaking at slow articulation
rates (Bess*). The face validity of such traditional tests is
questionable. The recently developed Perceptually Robust
English Sentence Test Open-set (PRESTO) is an appealing
alternative (Gilbert et al'®). It was principally created to
investigate the effect of variability in speech on listeners’
speech recognition performance (Gilbert et al'®). The target
talker variability included dialect, sex, and multiple talkers.
The PRESTO sentences were created from the Texas
Instruments/Massachusetts Institute of Technology Acous-
tic-Phonetic Continuous Speech Corpus (Garofolo et al'?).
This database includes recordings of sentence lists from
>600 talkers representing eight major dialects of American
English (i.e., New England, New York City, Northern, North
Midland, South Midland, Southern, Western, and Army Brat—
individuals who moved frequently during their childhood).
Sentence lists, containing 18 utterances, were constructed for
the PRESTO corpus such that no talker was repeated in a list
and the sex of the talker was balanced. Each sentence list
contained 5-10 words with 3-6 key words, with a total of 76
key words per list (e.g., “We always thought we would die with
our boots on” and “Brush fires are common in the dry under-
brush of Nevada,” with key words in italics). Sentences were
mixed with random samples of six-talker babble of three
women and three men with General American dialects. Each
sentence having the same root-mean-square amplitude level
was calibrated to be presented at 64 dB SPL, and the signal-to-
noise ratio (SNR) was manipulated (i.e., —5, —3, 0, and 3 dB).
Performance on the PRESTO was assessed with correct key
word identification from participants’ typed responses. The
PRESTO is more difficult than conventional sentence recogni-
tion tests as the variability in target talker burdens the listener
with an added attention-processing load to perceptually orient
to each new talker (Gilbert et al'®). That is, with typical speech
recognition tests, the listener hears the same talker with
multiple utterances. In the PRESTO, the listener hears multiple
talkers, from multiple regional dialect backgrounds producing
different utterances. This variability is likely to require the
listener to pay more attention to the task and is also likely to
remove any advantage a listener from the same dialect back-
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ground as the presenting talker has in test performance.
Individuals with regional dialects should, therefore, not be
disadvantaged when completing the speech perception tasks
in the PRESTO. This assumption, however, has not been
demonstrated empirically, and the effect of talker/listener
dialect on PRESTO performance (and other speech-in-noise
tests) has been advocated (Gilbert et al'8).

In previous reports, listeners with normal hearing sensi-
tivity demonstrated large variability in performance on the
PRESTO. Gilbert et al'® reported an overall mean sentence
recognition performance (i.e., averaged across four SNRs) of
63%, with a range of 40-76% in 121 young adults aged 18-39
years. Listeners were native talkers of American English with
residency in the United States before 18 years of age. Tamati
et al®* speculated that the variability Gilbert et al'® observed
in listener performance was related to listeners’ background
and linguistic experience. Toward that end, Tamati et al>*
examined participants from the original Gilbert et al'® study,
whose performance fell in the lower or upper quartile of the
original distribution of scores, on a number of factors that
could contribute to performance variability. They evaluated
perceived real-world listening (i.e., self-report questionnaire
on situational hearing and hearing health history), indexical
processing abilities (i.e., talker and sex discrimination tasks
and a regional dialect categorization task), and neurocogni-
tive abilities (i.e., verbal short-term memory, verbal working
memory, attention/inhibition, vocabulary size, executive
function, and nonverbal intelligence) of listeners. Tamati
et al** found that low and high PRESTO performers did not
differ in real-world listening. However, participants did
evidence differences in indexical processing, short-term
and working memory, vocabulary size, and some domains
of executive functioning. Tamati et al>* concluded that these
differences might contribute to the variability observed in
PRESTO performance.

All the original and subsequent studies examining listener
performance on the PRESTO recruited participants from the
midwest or midland dialect region (Gilbert et al'®; Tamati
et al®*: Faulkner et al'3; Plotkowski and Alexander36). It is
unknown if AAE and WAE talkers from a southern dialect
region would demonstrate similar performance on the PRESTO
test. Furthermore, the influence of racial-ethnic dialect varia-
tion has not been evaluated on this assessment, and limited
data have been collected on the effect of different types of
maskers on listener performance in the presence of the
multiple regional dialects presented by the PRESTO talkers.

In previous studies (Gilbert et al'®; Tamati and Pisoni®
Faulkner et al'3; Plotkowski and Alexander36), the PRESTO was
presented in a background of competing multitalker babble at
SNRs ranging from —5 to 3 dB. The effectiveness of any masker
in obscuring the speech signal is dependent on the level of the
masker relative to the signal, the acoustic spectrum of the noise
with respect to the signal, and its temporal continuity (Miller>3).
Maskers are generally classified as energetic or informational.
Energetic masking involves spectral overlap of speech and noise
signals. Informational masking involves spectral overlap of
speech and competitor, as well as the competitor perceptually
interfering with the speech signal. Broadband noises and

5.
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competing speech/babble are typical energetic and informa-
tional maskers, respectively. When energetic and informational
maskers are similar in spectral and temporal content, informa-
tional maskers are more detrimental to speech perception at
equivalent SNRs (Brungart et al®; Helfer and Freyman?®; Rosen
et al*®). The greater masking effect seen with informational
masking has been attributed to a difficulty separating the talker
from competing background talkers that cannot be fully attrib-
uted to the auditory periphery. It has been suggested that talker
and speech masker similarity results in increased attention
uncertainty (Kidd et al?®; Brungart et al® Freyman et al'>;
Durlach et al'?; Freyman et al'®; Hoen et al®'). That is, the
listener cannot separate the target talker and the competing
speech into separate perceptual streams or objects, resulting in
errors in correct recognition of the target talker speech. The
talker/speech competitor similarity can be attributed to similar
acoustic characteristics (e.g., same talker/competitor voice and
same sex) or relevance of the contextual information (e.g.,
semantic similarity). Informational masking is also affected
by the ratio of energetic and informational masking in the
multitalker babble and the number of talkers in the multitalker
babble (Freyman et al'®; Hoen et al®'; Rosen et al*?).

When background competitors decrease in level, increase
in intermittency, or both, listeners’ speech perception
improves; that is, the effectiveness of the masker is reduced
and listeners experience a perceptual advantage or release
from masking while listening to speech in these competitors.
Stuart and colleagues (Stuart*>#®; Stuart and Phillips®’;
Stuart et al*>>2°3) have used speech perception in stationary
and nonstationary energetic maskers (i.e., continuous and
interrupted broadband noises) to examine temporal resolu-
tion abilities in many groups including those with hearing
loss, simulated hearing loss, older individuals, young chil-
dren, and bilingual talkers. The competing interrupted noise
consists of noise bursts and silent periods between them,
with durations of both noise and silence varying randomly
from 5 to 95 msec. The temporal structure of the noise was
selected to mimic the acoustic elements of speech (i.e.,
several milliseconds to tens of milliseconds, representative
of the durations of consonantal bursts to steady-state vowels,
respectively). The noise-time fraction (i.e., the proportion of
time occupied by the noise) for the interrupted noise is one-
half. Both continuous and interrupted noises have identical
long-term average spectra differing only in their temporal
structure. In one paradigm, speech stimuli are fixed in level
and the noises are presented at equal and varying SNRs. In
a second paradigm, the noises are fixed in level and thresh-
olds for speech stimuli are determined. Listeners evidence
enhanced speech recognition and lower speech thresholds in
the interrupted relative to the continuous noise. The percep-
tual advantage seen in the interrupted noise has been
attributed to the listener’s temporal ability to resolve speech
fragments or get glimpses or looks of speech between the
gaps of noise and to patch the information together to
identify the specific speech stimuli (Miller*; Miller and
Licklider®*; Pollack®”; Dirks et al'?). The effect of stationary
and nonstationary energetic maskers on PRESTO perfor-
mance is unknown.
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The purpose of the present study was to examine perfor-
mance on the PRESTO by listeners who were lifelong or near
lifelong residents of the broadly defined Southern American
English dialect region. Specifically, the effect of competition,
SNR, race, and sex on Southern American English dialect talk-
ers’ sentence recognition was examined. Both AAE and WAE
normal-hearing listeners (male and female) were included.
Performance was evaluated in competing energetic and infor-
mational masking (i.e., continuous broadband, interrupted
broadband, and multitalker babble) at four SNRs (i.e., —10,
-5, 0, and 5 dB). Performance was also evaluated in a baseline
quiet condition. It was important to first establish that there
was no performance difference on the PRESTO in quiet as a
function of race and sex such that any differences found in noise
could not be attributed to differences in baseline performance.
It was hypothesized that there would be no difference in
performance in quiet as a function of race and sex as none
have been reported previously in the literature for normal-
hearing listeners. It was hypothesized that performance in the
interrupted noise condition would be better than the perfor-
mance in both the continuous noise and the multitalker babble
condition. This improvement for interrupted noise is expected
because of the intermittent nature of the noise, which allows
the listener to have interrupted auditory glances at the signal.
The poorest performance was expected in multitalker babble—
the informational masker. It was also hypothesized that per-
formance would improve with an increasing SNR—a well-
accepted effect. It was further hypothesized that no effect of
racial-ethnic group membership or sex would be observed. A
sex effect has not been previously demonstrated with normal-
hearing adolescent and young adults on other speech recogni-
tion in noise tasks (e.g., Ribera®®; Sbompato et al*'; Jacobi
et al?*). The effect of race has not been explored previously in
the literature. Although speech production differences by
racial-ethnic group membership have been observed in the
eastern North Carolina (Holt?2), differences between AAE and
WAE speech perception are not expected if demographic and
educational backgrounds and linguistic and dialect exposure
are similar.

Methods

Participants

Participants were two groups of 24 African American
(M = 21.8 years, standard deviation [SD] = 2.3) and 24 White
(M =22.5 years, SD = 1.5) young adults. Each group contained
12 women and 12 men. Both groups of participants presented
with normal pure-tone thresholds defined as <25dB HL
(ANSI?) at octave frequencies from 250 to 8000 Hz. Participants
also presented normal middle-ear function indices of peak
compensated static acoustic admittance, tympanometric
width, tympanometric peak pressure, and equivalent ear canal
volume within the 90% range of sex-specific normative data
(Roup et al*®). Participants reported a negative history of
hearing loss and speech, language, cognitive, neurological,
and otological disorders. All participants self-identified as
being lifelong or near lifelong residents of the broadly defined
the Southern American English dialect region as defined in the
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Atlas of North American English: Phonetics, Phonology and
Sound Change (Labov et al??).

We were interested in assuring that the groups of partic-
ipants shared similar demographic and linguistic and dialect
exposure such that neither variable could be attributed to
group differences (if found) in speech recognition perfor-
mance. Toward that end, participants were required to com-
plete a questionnaire probing demographic variables plus
linguistic and dialect exposure. All participants reported their
ethnicity as non-Hispanic or non-Latino except one White man
who reported ethnicity as Hispanic or Latino. There were no
statistical differences in the number of years reported living in
the south, as defined by the U.S. Census Bureau regions, as a
function of race or sex (p > 0.05). The highest level of reported
education did not differ between African Americans and
Whites (p > 0.05); however, women tended to have a higher
proportion completing bachelor’s degrees and men a higher
proportion with some college education (p < 0.05). Approxi-
mately 15% (n = 7) reported studying abroad, and 70% (n = 34)
reported studying a second spoken language. There were no
differences between the proportions of these participants as a
function of race or sex (p < 0.05).

Apparatus and Stimuli

A double-wall sound-treated audiometric suite (IAC Acoustics,
North Aurora, IL) served as the test environment. The recorded
stimuli were routed from a dual-disc compact disc player
(Phillips Model CDR 765 K02, Andover, MA) to a clinical
audiometer (Grason-Stadler GSI 61 Model 1761-9780XXE,
Eden Prairie, MN) and an insert earphone (Etymotic Research
Model ER-3A, Elk Grove Village, IL).

The sentence stimuli were derived from the compact disc
recordings of the PRESTO (Gilbert et al18). Twelve PRESTO
sentence lists (i.e., 2, 3,4, 7, 8,10, 11, 13, 14, 15, 17, and 23)
were chosen from the corpus originally used by Faulkner
et al.'® These lists were selected for list equivalency and
listener consistency under multiple conditions described by
Faulkner et al."> To familiarize participants with the sentence
materials and task, an additional list (#1) served as a practice
list (Gilbert et al'®). Sentence lists ranged in length from 134
to 144 s, with a mean of 137 s. The competing noises were
compact disc recordings of PRESTO multitalker babble (Gil-
bert et al'®) and continuous and interrupted broadband
noises. The multitalker babble was constructed from six-
talker babble of three male talkers and three female talkers
using General American English dialect. The continuous and
interrupted broadband noises have been described in detail
elsewhere (Stuart and Phillip550'51; Stuart**). Both the con-
tinuous and interrupted broadband noises had equivalent
long-term average spectra and were normalized to have
equal power (for a detailed description of the construction
and calibration of the noise stimuli, see Stuart*%). They
differed only in their temporal structure. The interrupted
noise had a rectangular on/off envelope with randomized
gating. The noise duty cycle was 0.50. The interrupted noise
was characterized with noise bursts and silent periods
between them with durations of both varying randomly
from 5 to 95 msec. The spectra of the noise competitors
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Fig. 1 Spectra of competing noises and multitalker babble trans-
duced through an insert earphone to a 2-cm> coupler.

are presented in ~Figure 1. (To measure the spectra of the
noise competitors, 30-second tokens of each noise were
routed through the same compact disc player, audiometer,
and insert earphone, noted earlier, to a handheld sound level
meter [Briiel and Kjer Type 2250, Neerum, Denmark] with a
1-inch pressure microphone [Briiel and Kjaer Type 4144] and
a-2 cm?® coupler [Briiel and Kjar Type DB 0138]. The micro-
phone was calibrated with a Briiel and Kjar Type 4231 Sound
Calibrator. The output from the sound level meter was then
routed to a signal acquisition interface [Sound Technology
Dynamic Signal Acquisition System, Poulsbo, WA] and to a
laptop computer [Lenovo Model X1 Carbon, Morrisville, NC].
Stimuli were then recorded with SpectraPlus-SC FFT Spectral
Analysis System software [version 5.1.0.33, Pioneer Hill
Software, Poulsbo, WA] with a sampling rate of 22050 Hz
and 16-bit sampling. Fast Fourier Transforms [FFTs| were
performed on these tokens using SpectraPRO-FFT software
using a Hanning window, FFT size of 2048, and a decimation
ratio of 1.)

Procedure

The University and Medical Center Institutional Review Board
at East Carolina University approved all experimental proce-
dures including recruitment and acquisition of informed
consent before data collection. All participants provided vol-
untary informed consent before data collection.

Stimuli were presented monaurally to the right ear of each
participant. Before experimental testing, the participants
received the practice list for familiarization of the test
stimuli. Each participant received 13 PRESTO lists—a list in
quiet followed by 12 sentence lists in the competing stimuli
(i.e., three noises with four SNRs). The list presented in quiet
was intended as a baseline condition to ensure no baseline
differences in speech recognition between groups. As 12
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PRESTO lists were used, the list presented in quiet was
repeated in one noise condition for each participant. The
presentation order of all lists was randomized across partic-
ipants. All 12 sentence lists presented in competition were
counterbalanced with a digram-balanced Latin squares
design (Wagenaar®®). As such, the 12 lists (including the
repeated practice list) were equally presented across the
three competitors and four SNRs. The PRESTO sentences
were presented at 65 dB SPL. The competing stimuli were
presented at four different SNRs (i.e., —10, —5, 0, and 5 dB).
Each competitor was calibrated to the same root-mean-
square amplitude level. All stimuli were calibrated with
the insert earphone coupled to a 2-cm? coupler (Briiel and
Kjer Type DB 0138), 1-inch pressure microphone (Briiel and
Kjar Type 4144), and sound level meter (Briiel and Kjeer Type
2250). The participants were instructed to repeat the sen-
tences aloud following presentation. Scoring of key word
percent correct was determined for all conditions (Gilbert
et al'®) by normal-hearing research assistants following
participants’ responses.

Results

Sentence recognition percent correct performance in quiet, as
a function of race (i.e., African American and White) and sex
(i.e., female and male) was examined with a two-factor analy-
sis of variance (ANOVA). Prior to inferential analyses, this and
subsequent percent correct data underwent an arcsine trans-
formation. The main effects of race [F(;, 44y=0.53, p=047,
=0.01] and sex [F1, 44)=0.68, p=0.41, =0.01] were not
statistically significant. The race by sex interaction was also not
statistically significant [F{;, 44y = 0.75, p = 0.39, = 0.02]. (Effect
sizes are indexed by partial eta squared. Cohen?® classifies
small, medium, and large effect size values as 0.10, 0.25, and
0.40, respectively.) Average performance in quiet was 94.4%
(SD =5.4).

Sentence recognition percent correct performance as a
function of competition (i.e., continuous noise, interrupted
noise, and multitalker babble), SNR (ie, —10, —5, 0, and
5dB), race (i.e., African American and White), and sex (i.e.,
female and male) was examined with a four-factor mixed
ANOVA. Mauchly’s test of sphericity was used to test the
compound symmetry assumption for the repeated measures
variables. The degrees of freedom and p values were adjusted,
and Greenhouse-Geisser values were reported for instances in
which the sphericity assumption was not satisfied. The sum-
mary of the analysis is presented in =Table 1. Statistically
significant main effects of competition and SNR (p < 0.001)
were found. The competition by SNR interaction was also
statistically significant (p <0.001). In general, performance
was better in the interrupted noise. Performance also improved
with increasing SNRs. Performance differences were most
pronounced at the poorer SNRs. Mean sentence recognition
percent correct performance as a function of competition and
SNR is presented in =Table 2 and =Figure 2. The largest
variance in scores occurred at SNRs where scores were ~50%,
whereas variances are greatly reduced when scores approach
0% and 100% (Thornton and Raffin®®).
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Table 1 Summary of the Four-Factor Mixed ANOVA Comparing
Sentence Recognition Performance as a Function of
Competition, SNR, Race, and Sex

Source df F p Value
Competition 1.75 | 287.67 <0.001"" | 0.87
SNR 3 1,311.14 | <0.001* | 0.97
Race 1 0.76 0.39 0.03
Sex 1 0.39 0.54 0.01
Competition x SNR | 4.41 [ 116.69 <0.001*" | 0.73
Competition x race | 2 1.51 0.23 0.03
Competition x sex 2 0.21 0.83 0.01
SNR x race 3 0.37 0.77 0.01
SNR x sex 3 1.64 0.18 0.04
Race x sex 1 1.87 0.18 0.04
Competition x 6 1.14 0.31 0.02
SNR x race

Competition x 6 0.19 0.98 0.00
SNR x sex

Competition x 2 0.83 0.44 0.02
race x sex

SNR x race x sex 3 2.20 0.09 0.05
Competition x 6 1.14 0.34 0.02
SNR x race x sex

*Statistically significant at p < 0.05.
TGreenhouse-Geisser p value.

Table 2 Mean Sentence Recognition Percent Correct Performance
and SDs (in parentheses) as a Function of Competition and SNR

Competition SNR (dB)
-10 -5 0 5

Multitalker 1.7 241 65.6 86.8
babble (2.4) (11.6) (12.1) (6.8)
Continuous 6.9 32.0 68.4 82.9
noise (11.1) (11.8) (12.6) (8.7)
Interrupted 56.6 68.8 79.8 84.7
noise (18.6) (13.0) (11.8) (9.8)

It was of interest to find the source of the competition by
SNR interaction. Toward that end, four sets of two orthogonal
single-df comparisons (Keppel and Wickens?®; Maxwell
et al*?) were undertaken to examine differences in perfor-
mance among the three noise competitors at each SNR. At
5 dB SNR, performance in the multitalker babble was signifi-
cantly better than the continuous noise (p = 0.008, =0.14),
and there was no statistically significant difference between
the interrupted noise and a linear combination of the con-
tinuous noise and multitalker babble (p =0.95, =0.00). At
0 dB SNR, there was no statistically significant difference in
the performance in the multitalker babble and continuous
noise (p=0.24, =0.03). However, there was a statistically
significant difference between the interrupted noise and a
linear combination of the continuous noise and multitalker
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Fig. 2 Mean sentence recognition percent correct as a function of
competition and SNR.

babble (p < 0.0001, =0.54). At —5dB SNR, performance in
the multitalker babble was significantly poorer than the
continuous noise (p <0.0001, =0.25), and there was a
statistically significant difference between the interrupted
noise and a linear combination of the continuous noise and
multitalker babble (p < 0.0001, =0.92). Likewise, at —10 dB
SNR, performance in the multitalker babble was significantly
poorer than the continuous noise (p < 0.0001, = 0.44). There
was a statistically significant difference between the inter-
rupted noise and a linear combination of the continuous
noise and multitalker babble (p < 0.0001, =0.89).

Discussion

The effect of competition, SNR, race, and sex on Southern
American English dialect talkers’ PRESTO performance was
examined. Four hypotheses were posited: an effect of noise
would be evident with best performance in the interrupted
noise followed by that in the continuous noise and multitalker
babble, performance would improve with an increasing SNR,
racial-ethnic group membership would not affect perfor-
mance, and sex would not affect performance. The statistically
significant effects of the competition and SNR on PRESTO
performance confirmed the first two hypotheses. Improving
performance with increasing SNRs is well established (Mill-
er>3). The improved scores in interrupted noise are consistent
with previous findings in sentence recognition relative to
continuous noise at equivalent SNRs (Stuart et al**>%>3; Stuart
and PhillipsSO; Stuart*>%®; Stuart and Butler47’48) attributed to
a release from masking (Miller®3; Miller and Licklider>*;
Pollack®?; Dirks et alm).

Performance differences were seen between the continu-
ous noise and multitalker babble at 5dB SNR and the two

poorest SNRs (i.e.,, —5 and —10 dB). The opposite effect of the
two competitors at the high versus the two low SNRs was
observed. At the positive SNR, better listening performance
was observed in the multitalker babble. Although this is a small
difference (cf. 86.8% versus 82.9%) and the effect size is trivial
to small ( = 0.14, Cohens), this is somewhat unexpected as
listeners were expected to have poorer performance in the
informational masker. At the positive SNR, the listener can
likely more easily separate the target talker and the competing
speech into separate perceptual streams or objects and conse-
quently identify the target speech (Kidd et al%®; Brungart et al®;
Durlach et al'?; Freyman et al’>'®). It may also be the case that
the multitalker babble is more of an energetic masker than an
informational masker, as it was constructed from six talkers. At
poorer SNRs, separation of the target talker and the competing
speech is more difficult, and performance significantly
decreases relative to the continuous noise masker. Although
the amount of informational masking in background decreases
with increasing the number of talkers greater than two (e.g.,
Freyman et al'® Hoen et al?’; Rosen et al39), competitors with
six talkers (as used in this study) still provide greater masking
efficiency relative to continuous broadband noise at poor SNRs
(e.g., Miller?3; Carhart et al’; Danhauer and Leppler’; Duques-
noy'"; Festen and Plomp'#; Simpson and Cooke*?). In the case
of the PRESTO sentences and competing multitalker babble,
the similarity could be attributed to comparable acoustic
characteristics (i.e., speech) and contextual information (i.e.,
semantic sentences). It may also be the case that differences in
spectral content between the continuous noise and multi-
talker babble (i.e., greater low-frequency spectra <1000 Hz in
thelatter; see = Figure 1) may provide more energetic masking
at lower SNRs.

For normal-hearing young adult listeners with a Southern
American English dialect, race and sex do not appear to affect
PRESTO performance, in quiet or with background competi-
tion, at least for this sample of Southern AAE and WAE
participants from North Carolina. The absence of a sex effect
on speech perception in noise is consistent with previous
reports (Ribera®®; Sbompato et al*'; Jacobi et al’4). Tamati
et al** found differences in indexical processing, short-term
and working memory, vocabulary size, and some domains of
executive functioning in listeners who perform above average
versus those that perform below average. Tamati et al°* posit-
ed that differences in indexical processing and neurocognition
contribute to PRESTO performance variability among listeners.
It is likely that the same factors contribute to performance
variability in the cohort from this study. Furthermore, partic-
ipants in this study have similar demographic variables and
linguistic and dialect exposure. That is, their self-reported
years of residence in the south, education, study abroad
experiences, second language study, and exposure to regional
accents of American English were not significantly different
across race and sex groups. Comparison of performance
variability from the participants in this study with those
from previous studies using PRESTO materials (at least in
multitalker babble) is difficult because of differences in lists
used and different SNRs. We did not observe differences in
variability across test conditions as a function of sex or race
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(Levene’s test of variance for equality, p > 0.05). Variability in
scores varied across SNRs. It was largest with scores near 50%
and was reduced when scores approached 0% and 100%. This is
consistent with speech recognition scores modeled by a
binomial distribution (Thornton and Rafﬁnss).

Participants with a Southern American English dialect
had similar PRESTO performance (i.e., scores within 5-15%)
in multitalker babble and continuous broadband noise, with
previously reported talkers residing in a geographically
different region of the United States. For example, Gilbert
et al'® reported mean PRESTO performance scores of 70.8%
and 37.6% in multitalker babble with 0 dB and —5 dB SNR,
respectively. Participants demonstrated mean performance
scores of 65.6% and 24.1% at the equivalent SNRs, herein.
Slightly lower scores in this study may be attributed to
differences in PRESTO sentences used between studies. In
Phase I of their study, Gilbert et al'® used ten PRESTO lists.
The lists used in this study were 12 from Faulkner et al,’® and
it is likely that these were not the same as those used by
Gilbert et al.’® Faulkner et al'> demonstrated that list equiv-
alency (i.e., equal performance across lists) of the PRESTO
materials is not evident under some conditions (e.g., multi-
talker babble at 0 dB SNR). Gilbert et al'® reported an overall
mean score (i.e., averaged across —5, —3, 0, and 3 dB SNRs) of
62.7%, with a range of 40.3-76.2%. Collapsed across all SNRs
(i.e.,, =10, -5, 0, and 5 dB SNR), the mean score in this study
was 44.6%, with a range of 29.5-54.2%. The lower mean score
in the present study reflects the fact that the lowest SNR in
this study significantly depressed overall mean performance.
Plotkowski and Alexander>® used 19 PRESTO lists presented
in a competing background of speech-shaped steady-state
noise at an SNR of —3 dB. Mean performance of 16 normal-
hearing young adults also residing in Indiana, US, was 65.1%.
This value falls between the mean scores of 32.0% and 68.4%
in continuous noise at SNRs of —5 and 0dB found in the
present study reflecting similar performance across studies
in steady-state energetic maskers.

Speech recognition in noise is an everyday occurrence and
affects listening performance in a myriad of environments
including school, work, and social environments. Identifying
speech recognition disorders in noise is clinically important.
In fact, the AAA,' ASHA,3 and BSA® best practice guidelines
recommend speech-in-noise testing as an essential compo-
nent of a thorough adult audiologic evaluation. Speakers of
different dialects perform differently on speech audiometry
in quiet (Nissen et al®®) and with tests of speech-in-noise
when listening to recorded speech materials in a dialect of
their own language that is not familiar (Liu and Shi*'; Shi and
Canizales*?). Clinical audiologists, therefore, must be aware
of the effect of patient dialect on speech recognition perfor-
mance in noise. The findings of this study and others suggest
that the PRESTO may be an attractive clinical alternative to
traditional sentence recognition materials. The variability in
target talker (i.e., dialect, sex, and multiple talkers) may
create a level playing field for listeners with different dia-
lects. Larger normative database studies with specific com-
petition and SNRs would be warranted before any clinical
implementation.
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In conclusion, we examined PRESTO performance among
listeners who were lifelong or near lifelong residents of a
Southern American English dialect region from North Carolina.
Specifically, the effect of noise competition, SNR, race, and sex
was examined. As expected, performance improved with
increasing SNRs. Different competing background noises and
multitalker babble differentially affect PRESTO performance at
equivalent SNRs. Performance was generally superior in inter-
rupted noise and poorer in multitalker babble. Listener’s race
and sex do not affect PRESTO performance, at least for talkers
with a Southern American English dialect residing in North
Carolina examined in this study. Further research is warranted
to see if the same findings are consistent with talkers from
other homogenous dialect regions and if regional dialect of a
talker predicts PRESTO performance in native speakers of
American English. That is, performance between listeners
from homogenous dialect regions should be compared to
confirm that listeners with different regional dialects have
similar PRESTO performance. Further refinement and stan-
dardization of test parameters (i.e., noise competitors and
SNRs) are needed before any clinical application of the PRESTO.

Abbreviations

AAE African American English

ANOVA  analysis of variance

FFTs fast Fourier transforms

PRESTO  Perceptually Robust English Sentence Test Open-
set

SD standard deviation

SNR signal-to-noise ratio

WAE White American English
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