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The long-term goal of this project is to understand the cognitive

mechanisms responsible for familiar voice (FV) benefit in real-world
environments, and to develop means to exploit the FV benefit to increase
saliency of attended speech for older adults with hearing loss. Older adults
and those with hearing loss have greater difficulty in noisy environments than
younger adults, due in part to a reduction in available cognitive resources.
When older listeners are in a challenging environment, their reduced cognitive
resources (i.e., working memory and inhibitory control) can result in increased
listening effort to maintain speech understanding performance. Both younger
and older listeners were tested in this study to determine if the familiar voice

benefit varies with listener age under various listening conditions.



Study 1 examined whether a FV improves speech understanding and
working memory during a dynamic speech understanding task in a real-world
setting for couples of younger and older adults. Results showed that both
younger and older adults exhibited a talker familiarity benefit to speech
understanding performance, but performance on a test of working memory
capacity did not vary as a function of talker familiarity. Study 2 examined if a
FV improves speech understanding in a simulated cocktail-party environment
in a lab setting by presenting multi-talker stimuli that were either monotic or
dichotic. Both YNH and ONH groups exhibited a familiarity benefit in monotic
and dichotic listening conditions. However, results also showed that talker
familiarity benefit in the monotic conditions varied as a function of talker
identification accuracy. When the talker identification was correct, speech
understanding was similar when listening to a familiar masker or when both
voices were unfamiliar. However, when talker identification was incorrect,
listening to a familiar masker resulted in a decline in speech understanding.
Study 3 examined if a FV improves performance on a measure of auditory
working memory. ONH listeners with higher working memory capacity
exhibited a benefit in performance when listening to a familiar vs. unfamiliar
target voice. Additionally, performance on the 1-back test varied as a function
of working memory capacity and inhibitory control.

Taken together, talker familiarity is a beneficial cue that both younger
and older adults can utilize when listening in complex environments, such as

a restaurant or a crowded gathering. Listening to a familiar voice can improve



speech understanding in noise, particularly when the noise is composed of
speech. However, this benefit did not impact performance on a high memory
load task. Understanding the role that familiar voices may have on the
allocation of cognitive resources could result in improved aural rehabilitation
strategies and may ultimately facilitate improvements in partner

communication in complex real-world environments.
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Introduction

Overview

Conversing with a partner in a noisy environment, such as over lunch at a
busy restaurant or at a party hosted in a tightly packed apartment, requires the
listener to use strategies to pick out the important information (i.e. speech) from
the cacophony of background noise and distractions (e.g. neighboring
conversations and background music). This type of scenario, where the listener
must extract the target speech from the background noise by selectively
attending to the target and filtering out the other competing sounds, is referred to
as the “cocktail party problem” (Cherry, 1953). This process of segregating
sounds is critical for speech understanding in noise (Bronkhorst, 2000). Speech
understanding ability in noise is dependent on the environment in which an
individual is listening (e.g. the type of competing signals, real-world vs. laboratory
setting), individual subject factors of the listener (e.g. age, hearing ability,
cognitive function), and characteristics of the talker(s) (e.g. gender, and
familiarity of the voice). The ability and ease with which a listener can selectively
attend to the target speech is modulated by the factors listed above. These

factors will be discussed in greater detail in the sections below.



The Cocktail Party Problem
Speech Segregation

Auditory object formation is the process by which a listener perceptually
groups a series of sounds (Shinn-Cunningham, 2008). For example, the voice of
a man and the honk of a horn are perceived by the auditory system as separate
objects. Listeners group and separate these objects based on characteristics
such as their similarity in frequency, amplitude modulation, and spatial location
(Bregman, 1990). A similar, yet higher level of processing is auditory object
selection, defined as the process by which a listener chooses to attend to a
particular object. Both the acoustic characteristics of the sound object, as well as
attentional filtering, contribute to object selection (Shinn-Cunningham, 2008).
Auditory grouping and selection can also occur with complex stimuli, such as a
series of words spoken by a particular talker, which span over long stretches of
time. Again, features such as the similarity in fundamental frequency, temporal
characteristics, and spatial location contribute to a listener’s perception that the
series of sounds is from the same source, and is thus processed as an “auditory
stream.”

In a real-world environment, auditory object formation and object selection
often occur simultaneously in the presence of competing sounds, such as
background noise or competing voices (Shinn-Cunningham, 2008). The listener
employs both bottom-up and top-down processes to selectively attend to the
desired stream. Cues for object formation overlap with those of object selection,

however, they are distinct functions. Stimulus factors such as talker gender,



background noise level, and spatial separation of the target from the competing
signal, contribute to a listener’s ability to segregate speech (Brungart, 2001b;
Darwin et al., 2003; Kidd et al., 2005).

One feature that can influence object selection is the familiarity of the
voice or personal relevance of the message to the talker. The familiarity of the
attended speech signal can enhance focus on the target speech, such as when
the listener is trained to identify a particular voice (Nygaard & Pisoni, 1998), or
the listener has a personal familiarity (e.g., spouse or close friend) to a voice
(Johnsrude et al., 2013). In these instances, the listener is better able to
understand the target speech signal. However, the presence of a personally
familiar voice or relevant message can cause the listener to select the wrong
auditory object. In a study by Moray (1959), the listener’s attention was diverted
when their name was spoken in the unattended or distractor channel in a dichotic
shadowing task. These factors will be discussed in greater detail in the “Subject

Factors” section of this chapter.
Energetic and Informational Masking

A listener’s ability to attend to a particular speech stream is influenced by
the presence of competing signals. These can include environmental noise or
speech from a competing talker. The type, spectrum, and level of a competing
background signal have strong effects on a listener’s ability to understand
speech in noise (ANSI, 1969). The presence of the competing signal, in general,
reduces audibility of the target signal. According to the Articulation Index Theory,

changes in intelligibility for a particular stimulus can be predicted for a group of



listeners, given the signal level, noise level, frequency importance function for a
particular signal, and hearing sensitivity of the listeners (ANSI, 1969, 2017).
However, the masking effectiveness of noise also depends on the modulations in
the noise as well as on the informational content of the noise.

Masking that results purely in the reduction of the audibility of the target
signal is known as “energetic” masking (Freyman et al., 1999). The use of
maskers such as narrow band noise (NBN) and speech shaped noise (SSN) can
result in energetic masking effects (Kidd et al., 1998), because the spectrum of
the masker overlaps the target in frequency and time. Thus, the effectiveness of
an energetic masker is dependent on the amount and extent to which it activates
similar regions along the cochlea as the target signal. The greater the overlap,
the more effective the masker.

Informational masking has been described as masking that occurs when
there is informational content in the masker that can be easily confused with the
target signal, usually in addition to energetic masking (Kidd et al., 2008). In the
case of speech, informational masking occurs when competing voices contain
meaningful linguistic content that could be confused with a target spoken
message, thereby causing effects beyond those attributed to energetic masking
(e.g., Brungart, 2001b). This includes a single competing talker or multiple
competing talkers that provide confusion regarding the target source location.
Cues that contribute to the reduction of informational masking include differences
in fundamental frequency and gender of the target and competing talkers

(Brungart, 2001b; Darwin et al., 2003), the number of competing talkers



(Brungart, 2001b; Brungart et al., 2001), and the spatial separation between the
target and competing talkers (Brungart & Simpson, 2002; Freyman et al., 2004).

Brungart and colleagues evaluated the effectiveness of a speech masker
when the competing talker was the same or different sex than the target talker
(Brungart, 2001b; Brungart et al., 2001). Normal-hearing adults reported the color
and number from phrases of the Coordinate Response Measure (CRM) speech
corpus, which is a closed-set task where the listener hears a phrase with a call
sign followed by a color and number (Bolia et al., 2000). Listeners performed
more poorly when the talkers were the same sex as the competing talkers,
compared to when they were the opposite sex. This effect was attributed
primarily to informational masking, because the error analysis revealed that
primarily all number/color word errors were a result of the listener reporting the
color or number that was spoken by one of the competing talkers. Thus, the
incorrect stream was selected due to confusion of the similarity between the
target and competing talkers.

The meaningfulness of the target and competing speech can modulate the
amount of informational masking generated. By using competing speech that is
time reversed, the frequency and amplitude are preserved while the intelligibility
of the signal is removed (Cherry, 1953). Freyman et al. (2001) reported a
significant difference in masking effectiveness between forward speech
(unprocessed) and time-reversed speech maskers. Speech understanding
performance with the time-reversed maskers was similar to performance in the

forward speech masker when the target and maskers were perceived to be



spatially separated, but significantly better (relative to the forward speech
masker) when the target and maskers were co-located. This pattern of
performance was also observed when the competing speech was spoken in a
different language from the target talker. Previous studies have reported a
significant reduction in the effectiveness of a masker when the target talker was a
native English speaker and the competing talkers were non-native accented
English speakers compared to when the competing talkers were native English
speakers (Freyman et al., 2001; Gordon-Salant et al., 2013). Additionally, and
most relevant for the proposed research, the familiarity of a talker can modulate
the effectiveness of a speech masker. Johnsrude et al. (2013) showed an
improvement in speech understanding performance in positive signal-to-noise
ratios (SNR) when the competing talker was the voice of the listener’s spouse
than to a novel voice. This effect will be examined in greater detail in Chapter 3.

Spatial separation of a target and competing sounds can result in a “better
ear advantage,” and can result in improved auditory object formation (Bregman,
1990). The improvement in speech intelligibility with the spatial separation of the
target and competing signals is referred to as spatial release from masking
(SRM) (Plomp & Mimpen, 1981). Spatial separation can reduce the effects of
informational masking when listening in the presence of competing speech
(Freyman et al., 2001; Marrone et al., 2008). Brungart and Simpson (2002)
modeled the cocktail party effect in a laboratory setting by separating the target
and masker voices under headphones across the two ears. In this design, a

target talker and a competing talker were presented to one ear, and a separate



competing talker was presented to the ear opposite the target talker, referred to
as the unattended ear. They found that a speech masker presented in the
unattended ear resulted in poorer speech segregation compared to conditions
where no sound was presented to the unattended ear (i.e. monotic presentation).
These findings are consistent with those of Moray (1959), which showed that the
presence of a competing signal in the unattended ear resulted in reduced stream

segregation of the target signal.

Speech Understanding in Noise: Environmental Factors
Real-world vs. Laboratory Environments

Since Cherry’s 1953 paper was published, many studies have quantified
the effects of factors that can influence speech understanding in noise. The
majority of these experiments were conducted in a laboratory setting, and the
findings were then used to infer an individual’s speech understanding ability in a
real-world environment. However, performance in the real-world may not be
adequately quantified in a laboratory study. Real-world environments are
dynamic — the level of the target talker, the identity of the target talker, the
amount of visual cues present, and the location of the target talker can vary from
moment to moment. Similarly, the characteristics and locations of competing
talkers vary dynamically (or are constantly changing) in a real-world environment.
Moreover, the relative intensity of the target vs. background noise can vary

dramatically, but signal intensity is typically well-controlled in lab studies.



The noise conditions used in laboratory experiments don’t often
correspond to what listeners experience in a real-world environment. In
laboratory experiments, the SNR may be adjusted to a variety of levels to
examine the effects of a particular manipulation on speech understanding. These
SNR manipulations often include instances when the noise is significantly more
intense than the target speech, which may not be characteristic of typical
communication environments (Smeds et al., 2015). For example, in many
laboratory studies, SNRs range from -15 to + 15 dB SNR (Bernstein & Grant,
2009; Brungart, 2001b; Freyman et al., 2004). A study by Pearsons et al. (1977)
was one of the first to quantify noise levels in real-world environments.
Background noise and target speech levels were recorded in homes, schools,
hospitals, department stores, trains, and airplanes. They found that the speech
level increased linearly with increasing background noise up until 55 dBA, where
the background noise then became more dominant. More recently, Smeds et al.
(2015) measured the SNR that hearing-impaired listeners experienced in various
real-world environments, including several of the environment categories from
the Pearsons et al. (1977) study. Smeds and colleagues (2015) found that the
average SNR in a moderately loud environment (60-70 dBA SPL) was +5 dB,
which was significantly higher than values reported previously by Pearsons et al.
(1977). Thus, while laboratory measures include a wide range of SNRs, more
recent studies have shown that realistic listening environments fall within a

narrower and more positive SNR range.



A restaurant setting is composed of a combination of background speech,
environmental noise, and reverberation that directly and indirectly impacts
speech understanding (e.g. clattering of dishes, televisions in the background).
Several studies have attempted to replicate a real-world restaurant sound scene
using auditory spatial simulators. Compton-Conley et al. (2004) recorded the
background noise at a lively restaurant using two methods. First, they placed in-
the-ear directional hearing aids on a Knowles Electronic Manikin for Acoustic
Research (KEMAR) and made recordings from KEMAR in an actual restaurant.
Recordings in the restaurant were also simultaneously made using a spatialized
8-microphone array, and were played back and recorded from KEMAR in a
sound booth (Revit et al., 2002). The directional recordings were presented via
headphones to normal-hearing listeners, and the results showed no difference in
performance between conditions where the noise was recorded through KEMAR
in the restaurant vs. through the spatialized microphone array. A more recent
study by Best et al. (2015) compared performance for hearing aid users on a
speech-in-noise perception task where the stimuli were presented from several
speakers in a sound booth or in a simulated cafeteria soundscape. Performance
was poorer in the simulated cafeteria environment; however, the largest hearing
aid benefit was measured in the same simulated environment.

Listening in a real-world environment involves the processing of both
auditory and visual stimuli. Listeners obtain a significant benefit of a visual signal
when listening in the presence of noise (Grant & Seitz, 2000; Walden et al.,

1993), and more so when the competing signal is speech (Helfer & Freyman,



2005). In a real-world environment, the visual image is most often not just the
target talker, but a dynamic scene that involves both near and far-field visual
distractions. These distractions can potentially result in a drain on attention,
which can negatively impact speech understanding, particularly for older adults
(Cohen & Gordon-Salant, 2017). Additionally, the visual scene is dynamic and
can frequently change. The stagnant nature of laboratory auditory-visual speech
perception measurements does not adequately capture the dynamic aspects of
real-world environments (e.g. constantly changing auditory and visual inputs). As
a result, findings in the laboratory may under-estimate the speech understanding
difficulties of individuals in everyday, complex environments.

Social factors that are present during a normal conversation are not easily
replicated in a laboratory setting. These factors include motivation and social
constraints. Listeners’ motivation is not easily controlled in a laboratory setting —
they are participating in a study and will typically receive some form of
compensation. Methods to manipulate motivation, based on a changing reward
system, is one alternative to this problem. However, in a real-world setting, the
listener may be more or less motivated to attend to the target speech due to the
information being transmitted or the partner with whom they are communicating.
This motivation may result in increased attentional resources, which can benefit
speech understanding. Social constraints of an environment can result in the
modulation of the talker’s voice level. In a laboratory setting, the level of the
target is fixed or systematically adjusted to quantify speech understanding in

noise at a target performance level. In a real-world environment, the target voice

10



level changes dynamically based on the particular environment. This
phenomenon of the talker self-adjusting the level of their voice in the presence of
noise is known as the Lombard Effect (Lombard, 1911). However, at some point,
an increase in voice level is not appropriate, either due to physical constraints on
the talker or to saturation of sound in the environment. These constraints can
negatively impact speech understanding when the target voice exceeds social

norms prior to reaching a level of optimum speech intelligibly.

Speech Understanding in Noise: Subject Factors
Aging

Older adults have greater difficulty understanding speech in noisy
environments compared to younger adults. Plomp and Mimpen (1979) showed
that although older adults perform adequately in a quiet environment, their
speech understanding ability declined with increasing background noise. This
decrement in speech understanding was more pronounced for older adults than
younger adults. Additionally, Dubno et al. (1984) administered an adaptive
procedure to determine the SNR corresponding to 50% correct performance in
babble for normal and hearing-impaired adults. The results indicated that despite
comparable performance in quiet, older normal-hearing listeners’ ability in noise
was reduced compared to that of the younger normal-hearing adults. More recent
studies have examined the effect of informational masking on older adults. In the

presence of two competing talkers, older adults were less able than younger
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adults to ignore the competing speech when the target and competing talkers
were presented from the same location (Helfer & Freyman, 2008).

Differences in younger and older adults’ ability to understand speech in
noise can be partly attributed to differences in hearing sensitivity. Adults show
incremental changes in hearing sensitivity across each decade of life, with more
hearing loss in the high-frequency regions (Cruickshanks et al., 1998; Pearson et
al., 1995). Hearing loss significantly reduces a listener’s ability to understand
speech in the presence of background noise (Dirks et al., 1982; Dubno et al.,
1984; Humes & Dubno, 2010). Older adults with hearing loss show reduced
speech perception compared to older normal-hearing listeners. This has been
demonstrated with manipulations that include competing speech (Dubno et al.,
1984), reverberation (Gordon-Salant & Fitzgibbons, 1993), and time compression
(Gordon-Salant et al., 2007). These measures relate to the listener’s ability to
extract frequency and temporal cues of speech, and their ability to ignore
irrelevant speech information. However, differences in speech understanding
observed between younger and older adults with comparable hearing sensitivity
are still present, and are attributed to factors beyond the peripheral auditory

system.
Aging and Working Memory Capacity

In complex auditory environments, speech understanding is affected by
both auditory and cognitive factors (Arlinger et al., 2009; Humes et al., 2012).
While a listener’s hearing sensitivity is correlated with speech understanding in

quiet, there is a poor correlation between hearing sensitivity and speech
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understanding in noise (Plomp, 1986). This suggests that other factors beyond
the audiogram contribute to speech understanding. As discussed previously,
auditory temporal processing is a critical function for speech understanding in
noise, and can contribute to age differences on speech understanding (Dubno et
al., 1984; Gordon-Salant et al., 2008). Listeners’ cognitive processing capacity,
particularly working memory and inhibition, also contributes to their ability to
understand speech in noise (Ronnberg et al., 2010; Salthouse, 1996).

Working memory (WM) is a limited capacity system that allows for the
storage and manipulation of information in short term memory (Baddeley, 2000;
Baddeley & Hitch, 1974). This system is critical for speech understanding in
complex environments. The Ease of Language Understanding (ELU) model
(Ronnberg et al., 2019; Ronnberg et al., 2013; Ronnberg et al., 2008) suggests
that WM is strongly dependent on top-down processes such as language
processing, when listening in a noisy environment. The model suggests that
when bottom-up constraints such as hearing loss, or the top-down function of
reduced working memory capacity are present, speech recognition performance
may be reduced (Rudner & Ronnberg, 2008).

Working memory capacity can be measured through a “span” test where
listeners must make mental judgements about an increasing number of stimulus
items and then recall those items later. The higher the number of items recalled
correctly (i.e., span), the larger the working memory capacity. Daneman and
Carpenter (1980) developed a test where the participants read sentences and

had to make a semantic judgement about each sentence. At the end of a series
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of sentences, they were prompted to recall the final word from each of the
previous sentences. The number of sentence-final words to be recalled
increased following correct responses to derive a “span,” defined as the number
of single words recalled correctly. This reading span (R-SPAN) test was adapted
by Pichora-Fuller et al. (1995) to present sentences in an auditory modality, thus
making it a more domain-specific test for measuring auditory working memory
capacity. Listeners were instructed to make a semantic judgment about each
sentence presented, and then recalled the final word of each sentence they
heard in a particular set of sentences. The number of sentences in the set was
increased to determine a listener’'s maximum sentence set size and was
calculated as their listening span (LSPAN) score. They found that older adults
had lower listening spans than younger adults.

Working memory capacity has been shown to contribute to a listener’s
ability to understand speech in noise. This effect has been measured using a 1-
back test paradigm. Schurman et al. (2014) implemented a 1-back procedure
where an initial sentence was presented, followed by a second sentence, and
then the participants were prompted to repeat the first sentence. Listeners were
also tested on an immediate sentence recall test, in which the SNR was adapted
to yield an 80% correct level of performance. This SNR was then used during the
1-back test. Older normal-hearing adults required a higher SNR to achieve 80%
intelligibility than younger adults on the immediate recall task. On the 1-back test,
older adults were poorer at recalling the target sentence than the younger adults

when tested at SNRs that corresponded to their 80% intelligibility performance.
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Additionally, listener performance on the 1-back test was highly correlated with
performance on the LSPAN test. This finding suggests that performance in real-
world speech understanding tasks that require a listener to hold information in
memory are highly related to WM capacity. In a study by Gordon-Salant and Cole
(2016), younger and older normal-hearing adults with higher WM capacity, as
measured through their LSPAN score, had better sentence recognition
performance in noise compared to adults with lower working memory capacity.
These studies suggest that WM capacity is critical for speech understanding in
noise, even among adults with normal-hearing. Moreover, the typical age-related
decline in WM capacity appears to contribute to older adults’ difficulty listening in

background noise.

Speech Understanding in Noise: Signal Factors

Listeners use various cues to extract target speech from background
noise. They use cues such as context (van Rooij et al., 1989), gender (Brungart,
2001b), spatial separation (Freyman et al., 1999), and talker familiarity.
Fundamental frequency (FO) has been identified as a strong cue for segregation
of different talkers (Darwin et al., 2003). Male and female voices have
characteristically different FOs, which can positively impact speech segregation,
depending on the combination of talkers in a scene. Darwin et al. (2003)
examined fundamental frequency (F0), vocal tract length (VT), and the
combination of these two features (FO+VT) on listener performance on the CRM.

The results showed that speech intelligibility performance was sensitive to shifts
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in both FO and FO+VT, with larger differences in FO+VT across the target and
competing talkers resulting in better speech understanding performance.

The rate of speech of a particular talker can influence the available speech
information in a signal, and thus impact overall speech understanding for
younger and older normal-hearing adults. Speech signals can be manipulated
through time compression and expansion, which change the timing
characteristics (i.e., speech rate) of the signal to reduce or extend the time of the
signal while still preserving the quality of the speech signal (Gordon-Salant &
Fitzgibbons, 1993; Vaughan et al., 2002). Speech understanding ability for both
younger and older adults declines with increased rate of speech, however older
are more negatively impacted by time-compressed or rapid speech. Additionally,
the use of clear speech has been shown to improve speech understanding in
noise as it slows the rate of speech, increases the consonant-vowel ratio (CVR),
and increases temporal modulations of the stimuli (Krause & Braida, 2002;
Picheny et al., 1985).

The use of accented speech compromises speech recognition
performance, especially in noise. Gordon-Salant et al. (2010) measured speech
recognition ability for Spanish-accented English by younger and older normal-
hearing listeners, as well as older hearing-impaired listeners. The results showed
a reduced speech understanding for the Spanish-accented speech for all
listeners, relative to unaccented speech. Subsequent studies also showed that all
three listener groups exhibited poorer speech recognition in noise for accented

English compared to unaccented English, and that listeners were less able to
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extract cues for speech stream segregation in noise when the talker had a
foreign accent (Gordon-Salant et al., 2013). Measures of speech perception of
accented talkers are highly relevant to listening in a real-world environment, as a
growing proportion of the U.S. population is comprised of non-native speakers of
English. In addition, listeners must accommodate differences in American
dialects when understanding speech, particularly because the familiarity of a
dialect can improve speech understanding (Clopper & Bradlow, 2008; Mason,
1946).

The familiarity of a talker or masker can also improve a listener’s speech
understanding performance in noise. A benefit of 10-15% in speech intelligibility
in noise has been shown when listeners attended to a familiar talker in the
presence of background noise (Johnsrude et al., 2013; Souza et al., 2013). This
benefit is also observed when the listener is trained to detect and identify the

target talker’s voice (Nygaard & Pisoni, 1998).

Talker Familiarity
Trained Familiarity

Listeners show improved speech understanding when they are trained to
listen to a particular talker’s voice. Nygaard and Pisoni (1998) employed a
training paradigm for young adults in which they learned to identify 10 separate
talkers through a regimen over several days. Familiarization of each talker was
confirmed through a voice identification test, and intelligibility was then measured

over a range of background noise levels. Half of the participants completed the
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training paradigm, and the remaining participants only completed the final test. A
positive correlation was measured between identification of the talker and speech
intelligibility performance, suggesting that the trained listeners exhibited higher
speech intelligibility scores than listeners who did not undergo the training.

Older adults show a familiarity benefit from listening to a trained talker,
and exhibit improved intelligibility when they correctly identify who said the word
or phrase than when they misidentify the talker’s identity (Rossi-Katz & Arehart,
2009). Yonan and Sommers (2000) measured intelligibility of trained older and
younger adult listeners using a training method similar to that described by
Nygaard and Pisoni (1998). Results showed that both groups received a
significant intelligibility benefit when listening to the trained talker compared to
the untrained talker. This benefit was greatest in the more adverse noise
conditions (0 and -5 dB SNR).

Talker familiarity benefit can also occur without explicitly training the
listener to identify particular talkers. Kreitewolf et al. (2017) trained listeners on a
particular talker using a speech-understanding-in-noise test. The listeners
became familiar with the particular talker’s voice without being explicitly told that
they were undergoing a training regimen. The listeners completed four
consecutive training sessions before returning for the test phase, which included
listening to speech from the trained talker and three additional untrained voices.
The results showed that listeners’ speech understanding performance improved

for the trained talker across the training days.
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Incidental Familiarity

Newman and Evers (2007) measured the effect of listening to a familiar
voice in the presence of competing speech. Students from a psychology class
were recruited for the study, and the familiar voice was their professor.
Participants were separated into three groups: students who were directly told
that the voice was their professor (explicit familiarity), students who were not told
the talker was their professor (implicit familiarity), and students who were in a
different class and had no exposure to the familiar voice (novel). Accuracy was
measured for young adults on a speech shadowing task, which required the
listener to repeat the exact words the target talker spoke while the talker
continued to speak. The explicit familiarity group had fewer shadowing errors
compared to the implicit familiarity and novel groups. However, no effect of
familiarity was noted when the familiar voice was the competing talker. More
recent studies have shown that this level of real-world talker familiarity (e.g.
listening to a professor) may not elicit a large speech understanding or recall
benefit, and that talkers with a more personal familiarity to the listener may result
in a greater familiarity benefit (Barker & Elliott, 2019).

Speech understanding for famous voices in popular culture, such as
actors or politicians, has been shown to produce a familiarity effect. This type of
voice is potentially more ecologically valid as a familiar talker than a voice that
was learned over the course of a training study. While the listener may not have

a personal relationship with the famous individual, they likely have had repeated

19



exposures to their voice in the real-world context (Maibauer et al., 2014;

Schweinberger et al., 1997).
Personal Familiarity

More recent studies have evaluated the effect of talker familiarity with
voices that are personally familiar to the listener. Johnsrude et al. (2013)
measured the impact of listening to a spouse on a speech segregation task for
older adults. Participants were only required to have normal hearing in their
better hearing ear, and therefore it is unknown what percentage of listeners had
normal hearing in both ears or only one. The spouse for each participant
recorded stimuli from the CRM corpus (Bolia et al., 2000). Results for middle-
aged and older adults showed a familiarity benefit when the spouse was the
target talker, compared to an unfamiliar talker, in the presence of one competing
talker. Listeners exhibited a familiarity benefit, although smaller and only at the
most adverse target-to-masker ratios (TMR), when the target talker was
unfamiliar and the masker was familiar. These findings suggest that listeners
were able to use familiarity as a tool for speech segregation, even when the
familiar talker was not the intended target. This finding is unique in the literature
and has not been confirmed in subsequent studies.

Personal familiarity benefit has also been measured in older adults with
hearing loss. Souza et al. (2013) recorded familiar participant pairs (spouses and
friends) saying sentences from the |IEEE sentence corpus (IEEE, 1969). Speech
intelligibility was measured in quiet and at two signal-to-noise ratios (SNR; +2

and +6 dB SNR) in the presence of six-talker babble or speech-shaped noise.
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Listeners showed a significant familiarity benefit across all listening conditions,
with no difference in benefit across the two background noise conditions.

There are several factors that potentially contribute to talker familiarity
benefit on a speech understanding in noise task. As discussed in the previous
section, the difference in fundamental frequency is a strong cue for speech
segregation (Darwin et al., 2003). In a recent study by Holmes et al. (2018), the
FO and VT length of familiar (spouse or close friend) and unfamiliar voices were
manipulated to determine whether these features impacted a listener’s ability to
recognize a voice as being familiar. The authors also examined whether the
acoustic modifications affected the listener’s familiarity benefit on speech
understanding in noise. Results showed that familiar talker identification
remained constant when the FO was manipulated, but was reduced when the VT
length or the combination of FO+VT was manipulated. For speech intelligibility,
the familiarity benefit was greatest when the speech signal was not manipulated;
however, there was still a benefit across all FO and VT manipulation conditions.
These findings suggest that the speech intelligibility benefit of a personally
familiar talker is resilient to manipulations to these acoustic features of the voice,
and correct identification of a familiar talker does not necessarily correlate with
intelligibility benefit.

In a recent study by Domingo and colleagues (2019), talker familiarity
benefit was examined using a spatial release from masking paradigm. The target
talker was presented at 0° azimuth and two competing maskers (same voice)

were presented symmetrically from 0° to 90° degrees at SNRs ranging from -3 to
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+6 dB SNR. Participants were tasked with responding with the words spoken by
the target talker. Overall performance was significantly better when the target
talker was familiar vs. unfamiliar. Additionally, participants exhibited a talker
familiarity benefit that was comparable to a 15° spatial separation between target
and maskers of an unfamiliar talker. However, performance on the spatial
release task varied more so by SNR than by talker familiarity. The authors
concluded that while talker familiarity was equivalent to a 15° spatial release from
masking, this benefit was reduced when audibility was more favorable (higher
SNR).

The presence of a familiar talker can contribute to improved performance
on a short-term memory recall test. A study by Ingvalson and Stoimenoff (2015)
assessed working memory ability of young adults on a visual digit recall task
while they concurrently completed a speech-in-noise test. At the beginning of
each set of trials, eight digits were presented visually on a computer screen and
the participants were instructed to hold the numbers in memory. Participants then
completed three trials where they heard a sentence presented in 4-talker babble
and had to repeat back what they heard. The target talker in these conditions
was either their familiar partner or an unfamiliar voice. Following the speech-in-
noise trials, the listeners were prompted to recall the eight digits in reverse order.
Results showed that younger adults exhibited a familiarity benefit when the
cognitive load was increased (i.e., in the conditions where they concurrently
completed the speech recognition test and the number recall test). Familiarity

benefit was not significant in the conditions where the listeners only completed
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the speech recognition test. Older adults were not tested on this paradigm,
therefore, it is not yet known whether or not talker familiarity has an impact on

working memory performance for older people.
Clinical Relevance

The speech understanding benefit elicited by listening to a familiar voice is
highly relevant for clinical populations. Clinically driven studies have examined
the benefit of incorporating a familiar talker (i.e., spouse) into the rehabilitative
process for hearing-impaired patients. Preminger (2003) measured subjective
hearing handicap ratings for hearing-impaired participants enrolled in a multi-
session aural rehabilitation training program. Participants who included their
spouse in the training program had a larger reduction in subjective handicap than
those who did not include their spouse, suggesting that communication is
improved with a familiar talker. Tye-Murray et al. (2016) assessed whether
improvement from a speech recognition training program would be greater with
the listener’s spouse as the talker, than with the voice of a trained actor.
Performance improved following training for both the spouse and the unfamiliar
voice. The authors suggested that use of a frequent talker may be a valid way to
train and test adults with hearing impairment. It is clear from this research that
there is a trend of improvement on clinical subjective and objective measures

with the participation of a familiar talker.
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Summary and Hypotheses

The long-term goal of this research is to understand the cognitive
mechanisms responsible for a FV benefit in real-world environments, and to
develop means to exploit the FV benefit to increase saliency of the attended
speech for older adults with hearing loss. The objective of this research is to
measure the effect of a FV on speech understanding in a cocktail-party scene,
while also evaluating performance on a cognitive task. The central hypothesis is
that the presence of a FV results in reduced cognitive demand and effort when
the FV is the target talker and increased cognitive demand and effort when the
FV is the masker. The approach is to measure speech understanding for familiar
partners (spouses) in a cocktail-party scene, while simultaneously evaluating
cognitive performance through measures of WM. While adults have shown a
speech intelligibility benefit to listening to a familiar voice in a controlled
laboratory setting, it is unknown whether this effect is as pronounced in a real-
world environment. Speech intelligibility of familiar and unfamiliar talkers was
examined in a real-world environment (Study 1). Speech segregation of a familiar
voice was evaluated when the familiar voice served as either the target or
competing talker in a laboratory environment, where the spatial separation of the
target talker and maskers varied (Study 2). Lastly, the allocation of cognitive
resources when listening to familiar speech was measured with a memory task
that was designed to assess WM (Study 3).

Study 1 determined the effect of talker familiarity on speech perception

abilities of younger and older adults in a real-world environment, and the impact
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of a FV on tasks of working memory in a real-world environment. Couples self-
administered a speech understanding test at a noisy restaurant. Additionally, as
a measure of working memory capacity, participants were asked to recall a target
word from previous trials. It was hypothesized that listeners would have better
speech intelligibility when listening to a familiar voice compared to an unfamiliar
voice. Because talker familiarity benefit has been shown in a laboratory
environment (Johnsrude et al., 2013; Souza et al., 2013), it was predicted that a
similar effect would be observed in a real-world environment. Based on the ELU
model of working memory (Ronnberg et al., 2008), it was hypothesized that
listening to a familiar talker in a complex environment would be less cognitively
taxing compared to when the signal was spoken by an unfamiliar talker, which
would then result in higher performance on an auditory working memory task.
Lastly, it was hypothesized that talker familiarity benefit would be greater for
older adults than for younger adults, because older adults have reduced
cognitive resources compared to younger adults (Pichora-Fuller et al., 1995), and
would glean more of a benefit from this cue.

Study 2 examined the interaction between voice familiarity and attention
for younger and older adults. Stimuli were recorded from each participant’s
spouse (familiar voice), and were presented monotically or dichotically under
headphones to simulate a cocktail-party environment in a laboratory setting.
Speech understanding performance was measured for conditions where the FV
was the target talker, and conditions where the FV was a masker. It was

hypothesized that a familiar target talker would improve speech segregation, a
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familiar competing talker would reduce speech segregation, and that these
effects would be larger for older compared to younger adults. It was expected
that the presence of the familiar voice in a dichotic signal, which was configured
by a target and competing talker in one ear and a different competing talker in
the opposite ear, would draw the listener’s attention away from the target ear
when the familiar voice was in the non-target ear (Conway et al., 2001; Moray,
1959). This would result in reduced speech understanding performance.
Furthermore, the familiar target talker was expected to be beneficial for older
adults who generally have a greater difficulty understanding speech in noise
(Dubno et al., 1984) and who also have increased listening effort in noise versus
younger adults (Gosselin & Gagne, 2011; Kuchinsky et al., 2013).

Study 3 examined if the presence of a familiar voice resulted in improved
performance on a measure of auditory working memory. Similar to Study 2,
stimuli were recorded from couples and were presented under headphones.
Listeners completed a task of auditory recall that required them to hold a spoken
sentence in memory and then recall it after hearing another sentence (i.e., 1-
back task). It was hypothesized that listeners would perform better on the 1-back
test when the FV was the target talker. This finding would suggest that the FV
talker resulted in a reduced demand on cognitive resources, whereas an
unfamiliar voice would have the opposite effect. It was also hypothesized that
older adults would perform more poorly on the WM measure than younger adults.
Poor performance on the 1-back test was expected to correlate with reduced

working memory capacity (Gosselin & Gagné, 2011; Schurman et al., 2014).
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Study 1: Effect of Talker Familiarity in a Real-World Environment

Introduction

Older adults, regardless of hearing ability, are known to be at a
disadvantage when listening in complex environments (Dubno et al., 1984;
Gordon-Salant & Fitzgibbons, 1999; Helfer & Freyman, 2008). Many contributing
factors, including declines in peripheral, central, and cognitive abilities, are
thought to be involved in this age-related speech-in-noise problem (CHABA,
1988). Previous studies have investigated whether the known identity of a talker
could provide benefit when listening to speech in noise. These studies,
predominantly conducted with older adult listeners, revealed that there was a
speech intelligibility benefit to listening to a familiar talker, both for talkers who
are familiarized through auditory training (e.g. Nygaard & Pisoni, 1998) and for
talkers who are known in real life (e.g. Johnsrude et al., 2013). However, these
studies were conducted in a laboratory environment, which may not capture the
effects of listening to a familiar voice during a realistic listening situation, such as
while at dinner in a noisy restaurant.

Unlike the controlled laboratory setting, talkers and listeners in real-world
settings need to actively modulate their attention and vocal effort to communicate
with their partner. An individual’s communication strategy may vary depending on
whether their communication partner is someone who is familiar to them, such as
a spouse, or is unfamiliar to them, such as a new acquaintance. This study

evaluated listeners’ performance on a speech intelligibility test while in a real
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world environment, where the talker was either familiar or unfamiliar to the
listener. Social factors that are present during a normal conversation are not
easily replicated in a laboratory setting. These factors include a listener’s
motivation and general social etiquette. Methods to manipulate motivation that
shift the reward system, such as allocating increases in payment based on the
number of correct responses, are one alternative to this problem. However, in a
real-world setting, the listener may be more or less motivated to attend to the
target speech due to the information being transmitted or to the relationship to
the communication partner.

There has been a recent emphasis in research to examine speech
understanding performance in a more ecologically valid environment than the
standard laboratory (Smeds et al., 2015). This has been studied most intensively
in the hearing-impaired population, primarily with respect to the impact of hearing
loss and use of amplification in a real-world noise setting. For hearing-impaired
listeners, there are often significant discrepancies between the hearing aid
benefit measured in a controlled laboratory environment versus that obtained in
real-world listening environments. Best et al. (2015) compared speech
intelligibility performance with and without the use of a hearing aid in two acoustic
environments: a sound booth with spatially separated target and noise signals,
and an acoustically simulated cafeteria with voices and noise of a typical
cafeteria. Performance differences across environments were apparent, with a

greater benefit of amplification noted in the simulated cafeteria environment.
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The complexity of the communication environment can result in reduced
speech understanding ability. Both visual and auditory distractions constantly
change in a real-world environment, whereas laboratory based auditory-visual
speech perception may not reflect those dynamic shifts in the environment.
These competing signals can potentially result in a drain on attention for older
adults, which can negatively impact speech understanding (Cohen & Gordon-
Salant, 2017). As a result, findings in the laboratory may under-estimate the
speech understanding difficulties of individuals in everyday, complex
environments.

Working memory is a cognitive function that is critical for speech
understanding in complex environments for both younger and older adults.
Working memory is a limited capacity system that allows for the storage and
manipulation of information in short term memory (Baddeley, 2000; Baddeley &
Hitch, 1974). The ELU model suggests that when bottom-up constraints such as
hearing loss, or the top-down process of reduced working memory capacity are
present, speech recognition performance may be reduced (Rudner & Ronnberg,
2008). Working memory capacity is considered to be the amount of information a
listener can manipulate and then recall from short term memory. The LSPAN was
developed as a means to assess working memory capacity in the auditory
domain (Daneman & Carpenter, 1980; Pichora-Fuller et al., 1995). Listeners are
instructed to make a semantic judgment about each sentence presented, and
then recall the final word of each sentence they hear in a particular set of

sentences. The maximum number of sentences that the listener can recall is their
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LSPAN score. Schurman et al. (2014) measured the effect of sentence context
and type of competing noise on younger and older normal-hearing adults’ ability
to recall sentences in a 1-back paradigm. They found that older adults had
poorer sentence recall on the memory task. The results on this test were highly
correlated with the participant’s LSPAN scores, and suggest that the difference in
performance across age groups may have been due to the older adults’ reduced
working memory capacity. These studies suggest that WM capacity is critical for
speech understanding in noise, and that older adults who have reduced WM
capacity are more adversely affected than younger adults in noise because of
this limitation.

Speech understanding in a real-world environment can involve attending
to a voice that is familiar to the listener. Laboratory-based studies have shown
that a familiar voice can improve speech understanding in noise, and may also
contribute to improved performance on a concurrent recall task. Johnsrude et al.
(2013) demonstrated that middle-aged and older adults exhibit a talker familiarity
benefit when attending to their spouse, such that speech understanding in the
presence of a single competing talker was better when the target talker was
familiar versus unfamiliar.

Beyond providing a benefit for speech understanding in noise, a familiar
talker can also contribute to improved performance on a delayed recall task.
When listeners were asked to recall whether a word had been presented more
than once within a continuous stream, identification performance was

significantly better when the same talker spoke the repeated word, compared to
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when a different voice repeated the word (Palmeri et al., 1993). In a study by
Ingvalson and Stoimenoff (2015), speech understanding performance was
measured while listeners simultaneously completed a digit recall task. The
results showed that younger adults only exhibited a familiarity benefit for the
conditions that required the listener to concurrently complete the speech
recognition test and the number recall test. These findings suggest that listening
to a familiar voice may reduce cognitive demand (i.e., improve the availability of

cognitive resources).

Research Questions and Hypotheses

The first aim of this study was to examine the effect of talker familiarity on
a speech understanding test in a real-world environment. Talker familiarity
benefit has been demonstrated in a laboratory environment (Johnsrude et al.,
2013; Souza et al., 2013), and it was predicted that a similar effect would be
shown in a real-world environment. It was hypothesized that talker familiarity
benefit will be greater for older adults than for younger adults, because older
adults have less access to cognitive resources than younger adults (Pichora-
Fuller et al., 1995), and rely more heavily on this cue for improved speech
understanding in the real-world environment.

The second aim of this study was to determine the impact of a familiar
voice as the target talker on a measure of working memory in a real-world
environment. Based on the ELU model of working memory (Ronnberg et al.,

2008), the hypothesis was that listening to a familiar talker in a complex
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environment would be less cognitively taxing than when listening to an unfamiliar

talker, resulting in higher performance on an auditory working memory task.

Method
Participants

Pairs of normal-hearing adults aged 18-80 years old who were highly
familiar with each other were recruited. Eight spouse pairs, for a total of 16
participants (mean age = 47.9 yrs £ 19.9), were recruited for this study. Familiar
partners were defined as spouses who have cohabitated for at least 1 year.
Normal hearing sensitivity was defined as thresholds < 25 dB HL from 250-4000
Hz (ANSI, 2018). Participants completed the Montreal Cognitive Assessment
(Nasreddine et al., 2005), with a passing score of = 26 . All participants had
completed a high school level of education and were native speakers of English.

A priori power analyses were conducted to determine a sufficient sample
size for a repeated measures (RM) analysis of variance (ANOVA) with 10
measurements with a small effect size (0.25), power of 0.8, and alpha level of
0.05. Based on these assumptions, as well as comparisons of effect size from
previous relevant research (Johnsrude et al., 2013), the required sample size is
18 adults. However, additional planned statistical modeling, including the
examination of the between-subject factor of age, was expected to benefit from a
larger sample. Due to the COVID-19 pandemic (Wuhan Flu, 2019) data collection

was halted after data were collected on 16 participants. The between-subjects
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grouping of age was removed, and age in years was used in the statistical

models.
Stimuli

A hybrid corpus composed of components of the CRM and the Modified
Rhyme Test (MRT; House et al., 1963) were used as the stimuli for this study.
The original CRM sentences have a structure of “Ready <call sign> go to <color>
<number> now,” where the call sign could be one of eight choices (arrow, baron,
charlie, eagle, hopper, laker, ringo, tiger), four colors (blue, green, red, and
white), and numbers between one and eight (Bolia et al., 2000; Brungart, 2001a).
This test is a highly sensitive measure of speech intelligibility in the presence of
competing speech (Brungart, 2001a), but is not as effective in the presence of
non-speech maskers, such as speech-shaped noise (Brungart, 2001b). The
MRT, however, is a sensitive measure of speech intelligibility in speech-shaped
noise (SSN) (House et al., 1963). The MRT is composed of 300 unique
consonant-vowel-consonant (CVC) words that are embedded in a carrier phrase.
The target word is presented in a closed-set task where the listener selects the
word spoken from six foils, which either vary based on the initial or final
consonant (e.g. “You will mark <CVC> please.”). As an example, the target word
“tap” could have the following foils that vary in their final consonants: tab, tap,
tam, tan, tack, tang.

To implement a self-administered speech understanding paradigm in a
real-world environment, the use of a closed-set sentence corpus was necessary.

In this paradigm, the WM task uses the same trials as the speech intelligibility
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task, but in an n-back format, which only utilized the CRM call signs as the target.
The CRM call signs were chosen for the WM task because they are known to be
highly intelligible words, and thus recognition of these words was not expected to
impact performance on the WM measure (Brungart, 2001a). The hybrid corpus
therefore included both the CRM call sign and a mixture of the MRT word stimuli,
with the new structure of “Ready <call sign> you will mark the <MRT word #1>

and the <MRT word #2> again.”
Procedures

Groups of four participants, consisting of two pairs of familiar couples who
are unfamiliar with one another, were tested in a casual-dining restaurant that
was known to have a relatively high level of background noise. Testing was
conducted during lunch (11am — 1pm) or dinner hours (5pm — 8pm), when
background noise was expected to be at peak levels. The members of each
group were seated around a rectangular table, with two participants seated on
each of the long sides of the table. Seating position was randomized such that
familiar pairs were not always seated next to or across from one another. The
experimental protocol was implemented using a MATLAB script (Mathworks,
2017b) on a laptop. Each participant was given a touch-sensitive Nexus Tab E
tablet that was paired via Bluetooth to a Dell Latitude laptop computer (Windows
10; 64 bit). For a given trial, one participant was randomly selected as the talker.
As illustrated in Figure 2.1, a prompt appeared on the talker’s tablet and
instructed that participant to read aloud the specified sentence. After the stimulus

was read, the talker touched their tablet and a response grid (Figure 2.1, middle
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panel) appeared on the listeners’ tablets. Each listener then identified the words
they heard from a closed set of word choices for the call sign and the two MRT
words. A new grid appeared for each trial that included the same call signs (left

column) and new foils corresponding to the new target MRT words.

Select the words that were spoken by the talker his is trial 5 . Select the word that occurred in
(choose one from each column). hese five earlier trials:

Say

"Ready baron you will mark fit
and the tab again. "

Then tap screen

Figure 2.1. The left panel is a screenshot of the prompt that the target talker received.
After the talker reads aloud the MRT phrase, they tap their screen and trigger the
response grid (middle panel) to appear on the listeners’ tablets. On the n-back trials, all
participants respond on a grid of the possible call sign names for each of the four
previous trials (right panel).

Listeners also completed an n-back style working memory task that
appeared after four successive trials of the hybrid CRM-MRT speech perception
task. All participants were prompted to recall the call signs that were spoken for
the previous four trials and to indicate their responses on the tablet response grid
(Figure 2.1, right panel). The response choices for the first trial in the set
appeared in the far right column, and then progressed to the left with the
response choices for Trial 4 in the left-most column. The same five call sign foils

appeared in each column. The participants were prompted to respond with a

selection for each column. The call sign for each trial was coded for each
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participant as being spoken by their familiar talker, by an unfamiliar talker, or as
being spoken by themselves. Trials where the call sign was spoken by the
listener were not included in the final analysis.

Participants completed 200 trials of the speech understanding task and 44
trials of the n-back recall task, with n-back trials occurring every 5% trial. Trials
were blocked into sets of 55 trials. Participants were given a short break between
each block of trials. Testing took approximately two hours over the course of a
single session. All participants were paid for their participation.

In each trial of the study, the tablet microphones from the target talker and
listener tablets measured the peak dB SPL. There were two main periods of time
during a given trial, the “talker interval” and the “listener interval.” The talker
interval was the time period between the appearance of the sentence prompt on
the target talker’s tablet and the talker’s screen tap signifying they finished saying
the sentence out loud. Thus, this interval reflected the time period when the
target talker read the sentence aloud. The listener interval was the time period
immediately following the target interval until all listeners selected the target

words from the response grid.

Data Analysis

Generalized linear mixed effects (GLME) models were conducted to
evaluate fixed and random effects on speech intelligibility score (Aim 1) and n-
back score (Aim 2). The GLME models were evaluated using the buildmer
package v1.6 in R (Voeten, 2020), which implemented a forward feeding

approach to determine the maximal random effect and fixed effects structures,
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and then used a backwards elimination approach to systematically reduce the
fixed effects to obtain the best fitting model for the data. First, the order of the
fixed effects was determined, such that the effects that account for the greatest
amount of variance were maintained in the model to achieve model convergence.
During the backwards elimination procedure, the deviance values for each model
were compared using a Wald test, which has a y? distribution ( @ = 0.05). The
number of iterations was set to 2,000,000 to allow for model convergence. The
best fitting model for each dependent variable was depicted in a table in the
Results section. Each table consists of a list of main effects and interactions that
were deemed significant or contributed to a higher order interaction effect in the

model.

Results
Sound Level in the Real-world Environment

The left panel of Figure 2.2 shows the peak dB SPL during the talker and
listener intervals, averaged across all listeners for a given trial. The top line
represents the sound level during the talker interval and the bottom line depicts
the sound level during the listener interval. From these measures, it can be
inferred that the SNR during an individual trial was monotonically related to the
difference between the talker interval, which contains the talker speech and the
competing background noise, and the listener interval, which only contains the
background noise. The second panel is a histogram of the computed SNRs

recorded for each trial (n = 244) averaged across all listeners. The distribution
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shows that participants were primarily listening at a +5 dB SNR, which is

consistent with the findings reported by Smeds et al. (2015).
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Figure 2.2. The left panel is a plot of the mean dB SPL measured by each tablet for each
trial. The black line represents the sound level during the talker interval and the yellow
line is the average sound level during the listening interval. The right panel is a
histogram of the difference in dBA between the talker and listener intervals.

Familiarity Benefit on the Cafeteria Test

A GLME model was conducted to determine the contribution of talker
familiarity, participant age, working memory capacity (LSPAN), and overall noise
level to speech understanding scores. The values for the three continuous
variables (age, LSPAN, and noise level) were grand-mean centered. The results
from the final GLME model are shown in Table 2.1. All main effects were

significant, and will be discussed with regard to their higher order interactions.
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Table 2.1

GLME Model for the Speech Perception Task

Fixed Effects Estimate SE Y4 P
(Intercept) 2.060 0.085 24.139 <0.001
Target Talker: Unfamiliar (ref)

Familiar 0.565 0.137 4129 <0.001
Age (standardized) -0.553 0.081 -6.871 <0.001
LSPAN (standardized) 0.206 0.090 2.293 0.022
Mean Overall Level dB A (standardized) -0.129 0.065 -1.992 0.046

Interactions

Familiar Target x Age 0.043 0.160 0.269 0.788
Familiar Target x LSPAN -0.008 0.173 -0.045 0.964
Age x LSPAN -0.216 0.073 -2.975 0.003
Age x Mean Overall Level -0.191 0.071 -2.677 0.007
LSPAN x Mean Overall Level -0.119 0.078 -1.527 0.127
Familiar Target x Age x LSPAN -0.139 0.060 -2.310 0.021
Mean Overall Level x Age x LSPAN 0.301 0132  2.277 0.023
Random Effects Variance SD
Sentence Item Intercept 0.312 0.559

**%<0.001. **p<0.01. *p<0.05.

*kk

*kk

*kk

*%

*%

The primary question of interest in this study was whether or not there was

an overall effect of talker familiarity on speech understanding in a real-world

environment. The proportion of correct scores for when the target talker was

familiar vs. unfamiliar is plotted in Figure 2.3. The individual points represent the

speech understanding score for each participant, averaged across all test trials.
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Figure 2.3. Boxplot of proportion correct speech understanding scores, plotted as a

function of Target Talker conditions.

39



While the main effect of Target Talker was significant (see Table 2.1),
there was a significant three-way interaction of Target Talker x Age x LSPAN (p =
0.021). The interaction is plotted in Figure 2.4, which shows the regression lines
for the familiar and unfamiliar Target Talker conditions. To depict the influence of
working memory, performance was plotted separately for listeners with relatively
high LSPAN scores (left panel) vs. listeners with relatively low LSPAN scores
(right panel). High LSPAN scores were values above the median (> 4 points),
and low LSPAN scores were below the median (< 4) score. It appears that with
increasing age, individuals with a High LSPAN score (Figure 2.4, left panel)
exhibited better performance on the Familiar condition than the Unfamiliar
condition (p<0.01). However, with increasing age, individuals with a Low LSPAN
score (Figure 2.4, right panel) did not exhibit a difference in performance across
the Familiar and Unfamiliar conditions (p>0.05). The younger participants with
High LSPAN scores exhibited near-ceiling performance for both conditions,
whereas younger participants with Low LSPAN scores showed a benefit of talker

familiarity.
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Figure 2.4. Proportion correct for speech understanding scores of High LSPAN and Low
LSPAN (High: > 4; Low: < 4), plotted as a function of Age for Familiar and Unfamiliar
Target Talker conditions. Shaded areas around functions represent 95% confidence
intervals.

In addition to talker familiarity, performance on the speech perception task
was impacted by the mean overall noise level (dBA), which was measured for
every trial from each participant’s tablet. There was a significant three-way
interaction of Overall (Noise) Level x Age x LSPAN (8 =0.301, SE=0.132,Z =
2.277, p = 0.023). In Figure 2.5, separate plots are shown for younger vs. older
listeners, with the older listeners representing those whose age was above the
median value (Older >31 years). On each plot, the Overall Level is represented
as high noise, with values above the median (> 73.95 dB SPL) and low noise,
with values below the median (< 73.95 dB SPL). For each age group (younger
and older), regression lines were plotted for each Overall Level x Age
combination. When the noise level was high, the older adults showed fairly stable

performance regardless of LSPAN score. However, when the noise level was
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lower (Low Noise), performance improved with increasing LSPAN score
(p<0.01). Younger adults showed similar performance regardless of noise level
(high vs. low). Those with low LSPAN scores showed a wide range in
performance, as noted by the 95% confidence intervals for the younger adults
with LSPAN scores below 3. However, younger adults with higher LSPAN scores
consistently showed a high level of performance. These performance trends did
not vary with the presence of a familiar vs. unfamiliar target talker, as talker

familiarity was not involved in this interaction.
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Figure 2.5. Proportion correct of speech understanding scores of Younger and Older
listeners (Younger: < 31 yrs; Older: > 31 yrs), plotted as a function of LSPAN for High
Noise (>73.95 dBA) and Low Noise (= 73.95 dBA) trials. Shaded areas around functions
represent 95% confidence intervals.

Performance on the N-Back Test

The second aim of this study was to evaluate whether a familiar voice
improves word recall on a measure designed to assess working memory

capacity. The n-back scores for when the target talker was familiar vs. unfamiliar
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are plotted in Figure 2.6 as a function of n-back word position. The individual

points represent the n-back score for each participant, averaged across all test

trials for a particular condition.
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Figure 2.6. Boxplot of proportion correct n-back scores, plotted as a function of Target
Talker conditions for each word position (1 = word spoken one trial prior, 4 = word
spoken four trials prior.

A GLME model was conducted to determine the contribution of talker
familiarity, word position, age, and working memory capacity (LSPAN) on recall
scores in the n-back test. The values for the two continuous variables (age, and
LSPAN) were grand-mean centered. The results from the final GLME model are

shown in Table 2.2. For the n-back test, listeners were tasked with recalling the

call sign (e.g. “Baron”) for the previous four trials.
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Table 2.2

GLME Model for the N-Back Test

Fixed Effects Estimate SE Y4 P
(Intercept) 2.881 0.433 6.656 <0.001 ***
Target Talker: Unfamiliar (ref) -0.038 0.130 -0.295 0.768
Familiar
N-Back Position: 1-Back (ref)
2-Back -1.963 0.319 -6.154 <0.001 ***
3-Back -2.211 0.317 -6.970 <0.001 ***
4-Back -2.111 0.315 -6.695 <0.001 ***
Age (standardized) 0.845 0.497 1.701 0.089
LSPAN (standardized) 1.421 0.506 2.805 0.005 **
Interactions
2-Back x Age -0.427 0.380 -1.124 0.261
3-Back x Age -0.484 0.378 -1.281 0.200
4-Back x Age -0.651 0.374 -1.738 0.082
2-Back x LSPAN -0.063 0.405 -0.156 0.876
3-Back x LSPAN -0.022 0.398 -0.055 0.956
4-Back x LSPAN -0.142 0.395 -0.360 0.719
Age x LSPAN 0.536 0.396 1.353 0.176
2-Back x Age x LSPAN -0.999 0.302 -3.312 <0.001 ***
3-Back x Age x LSPAN -0.733 0.299 -2.453 0.014 ~
4-Back x Age x LSPAN -0.668 0.298 -2.242 0.025 ~
Random Effects Variance SD
Subject Intercept 0.802 0.896
Sentence Item Intercept 0.312 0.559

**%5<0.001. **p<0.01. *p<0.05.

The main effect of interest was whether talker familiarity influenced
performance on high memory load recall task. The factor of talker familiarity was
not a significant predictor of performance on the n-back test (p>0.05). There
were, however, significant main effects of n-back word position and LSPAN, as
well as a significant three-way interaction of n-back Position x Age x LSPAN.
Figure 2.7 depicts this three-way interaction by showing results separated by the
position (1-back, 2-back, 3-back, 4-back). The continuous variable of LSPAN
score was divided into values below the median (Low LSPAN: < 4) and above
the median (High LSPAN: > 4) categories, and regression lines were plotted for

the Age x LSPAN interaction for each n-back word position. The effect of age on
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n-back performance for a given LSPAN category and n-back word position was
only significant in the 1-back condition. The leftmost panel of Figure 2.7 shows
the Age x LSPAN interaction for the 1-back condition. Across the span of ages,
individuals with higher LSPAN scores performed near ceiling in the 1-back
condition. However, performance declined with increasing age for individuals with
lower LSPAN scores. The 2-, 3-, and 4- back conditions were not significantly
different from each other (p>0.05), and recall performance on each condition was
significantly poorer than on the 1-back condition (p<0.05). Additionally, it should
be noted that there were a limited number of older adults with higher LSPAN
scores (n = 3 for adults over 60 years). Thus, the 5-95% confidence intervals for
the high LSPAN category were substantially wider at ages greater than 40 years

than for younger adults (< 40 years).
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Figure 2.7. Probability of correct n-back score for each word position (1 = word spoken
one trial prior, 4 = word spoken four trials prior), plotted as a function of Age and LSPAN

(Higher: > 4; Lower: < 4). Shaded areas around functions represent 95% confidence
intervals.
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Discussion
Talker Familiarity in a Real-world Environment

The first aim of this study was to examine the effect of talker familiarity on
a speech understanding task in a real-world environment. Talker familiarity
benefit has been demonstrated in a laboratory environment (Johnsrude et al.,
2013; Souza et al., 2013), and it was predicted that a similar effect would be
shown in a real-world environment. The results from the speech perception task
(Table 2.1) revealed a significant effect of talker familiarity, confirming the
hypothesis that listening to a familiar talker in a real-world environment can result
in better speech understanding than listening to an unfamiliar voice. However,
this familiarity benefit was involved in a 3-way interaction, indicating that this
benefit was modulated by listener age and LSPAN score. Older adults with
higher LSPAN scores exhibited a talker familiarity benefit, whereas older adults
with lower LSPAN scores did not have a familiarity benefit. The younger
participants with high LSPAN scores exhibited near-ceiling performance for both
conditions, whereas younger participants with low LSPAN scores showed a
benefit of talker familiarity. Previous studies have shown that both older and
younger normal-hearing adults exhibit a talker familiarity benefit when listening in
noise (Domingo, Holmes, & Johnsrude, 2019; Johnsrude et al., 2013). Johnsrude
et al. (2013) found that speech understanding performance when listening to a
familiar voice in the presence of a single competing unfamiliar voice did not vary
with increasing age. Domingo, Holmes, and Johnsrude (2019), however, showed

a significant decline in talker familiarity benefit with increasing age. In the current
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study, the effect of talker familiarity on speech understanding in a real-world
environment was mediated by the listener’s age and working memory capacity.
The older adults with lower LSPAN scores did not show a talker familiarity benefit
vs. older adults with higher LSPAN scores. When working memory capacity was
reduced, older adults had increased difficulty understanding speech in a real-
world environment and were less able to access familiarity cues that would
potentially provide an improvement to their speech understanding ability. This
suggests that talker familiarity benefit is somewhat dependent on working
memory capacity.

It was also hypothesized that talker familiarity benefit would be greater for
older adults than for younger adults, because older adults have reduced
cognitive resources compared to younger adults (Pichora-Fuller et al., 1995), and
therefore would rely more on the familiarity cue to derive some benefit in speech
understanding. On the speech understanding task, there was a significant
interaction between talker familiarity, working memory capacity (LSPAN score),
and age, suggesting that the benefit of listening to a familiar voice varied by
listener age and working memory capacity. With increasing age, individuals with
higher working memory capacity exhibited a benefit from listening to a familiar
talker vs. unfamiliar talker. This effect did not hold true for individuals with lower
LSPAN scores. The younger adults with lower working memory capacity had
better speech understanding performance with the familiar talker, whereas the
older adults with lower working memory capacity did not benefit from listening to

a familiar talker than an unfamiliar talker. This is consistent with other studies that
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have shown that older normal-hearing adults’ performance on speech
understanding in noise is correlated with their working memory capacity
(Fullgrabe et al., 2015; Gordon-Salant & Cole, 2016; Schurman et al., 2014)

There was a high level of variability in noise levels during the experiment,
which impacted listener performance across trials. As shown in Figure 2.2, the
distribution of noise levels during the “talker interval” and “listener interval”
approximated the signal-to-noise ratio across a trial. On average, the measured
SNR was approximately +5 dB. This level is consistent with previous studies that
have shown that average SNR in a moderately loud environment was
approximately near this level (Smeds et al., 2015). However, there was
significant variability in mean overall noise level across each trial, which ranged
from 66 — 80 dBA. The trials were categorized as Low Noise if they had mean
overall levels of less than 74 dBA (median overall noise level), and were
categorized as High Noise if the mean overall levels were above that value.

In addition to talker familiarity benefit, working memory capacity also
modulated performance on the speech understanding task as a function of
background noise level. Performance across both noise conditions was shown to
be better with higher LSPAN scores for the younger adults. The younger adults
were more immune to variation in noise level on the speech understanding task,
and performed similarly when the overall noise levels were above (High Noise) or
below (Low Noise) the median noise level. However, the older adults showed a
significant improvement in speech understanding when the mean overall noise

level was low vs. high, and this improvement varied as a function of LSPAN
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score (Figure 2.5). When LSPAN scores were lower (i.e., low WM) for the older
listeners, there was no significant difference in speech understanding scores
across the two noise categories. For older adults with higher LSPAN scores,
however, speech understanding scores improved in the low noise conditions. In
the higher noise levels, speech understanding performance did not vary by
LSPAN score. This effect could be due to the overall reduced audibility that all
listeners experienced in the trials with higher noise levels.

These findings suggest that while both younger and older listeners
exhibited improved speech understanding with a familiar target talker, benefit
was modulated by working memory capacity as measured on the LSPAN test.
The older adults with better working memory capacity exhibited the familiarity
benefit, whereas older adults with lower working memory capacity did not show
this same effect. These findings are consistent with those of Gordon-Salant and
Cole (2016), who showed that for younger and older adults, individuals with
higher working memory capacity had better speech recognition performance in

noise than individuals with lower working memory capacity.
Talker Familiarity Benefit on a Test of Working Memory

The second aim of this study was to determine the impact of a familiar
voice on a measure of working memory capacity in a real-world environment.
Based on the ELU model of working memory (Ronnberg et al., 2008), it was
hypothesized that listening to a familiar talker in a complex environment would be
less cognitively taxing than when listening to an unfamiliar talker, resulting in

higher performance on an auditory working memory task. The results from the n-
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back task (Table 2.2) revealed that there was no effect of talker familiarity on the
n-back test. Thus, while performance on the speech understanding task
benefited from the presence of a familiar talker, this benefit did not result in a
reduction in cognitive resource consumption as measured by the n-back test.
One reason for the absence of a talker familiarity benefit is that while speech
understanding in noise has been shown to improve when the target talker is
familiar (Domingo, Holmes, & Johnsrude, 2019; Holmes et al., 2018), the benefit
to speech understanding possibly does not extend to the use of cognitive
resources when listening in noise. However, the lack of a familiarity benefit on a
task that increases memory load may depend on the nature of the increased
cognitive demand. In this particular study, participants were tasked with recalling
a single word from four prior sentences. It is possible that a more complex recall
task that requires the listener to recall an entire sentence would elicit a different
result. Other types of speech understanding tasks in which memory load is
increased need to be conducted to verify this observation. Study 3 examines a
similar issue using a different method of increasing cognitive demand.
Consistent with the speech understanding results, performance on the n-
back task was modulated by working memory capacity as measured by the
LSPAN test. Across all word positions, performance was better for individuals
with higher LSPAN scores (Figure 2.7), irrespective of talker familiarity. This
confirmed that the n-back test in this study was sensitive to differences in
working memory capacity, such that overall performance was correlated with

LSPAN scores. Schurman et al. (2014) used a sentence recall 1-back procedure
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to assess performance of younger and older adults while listening to speech in
different types of noise configurations, including spatialized noise and competing
speech. They found that older adults had poorer sentence recall in a 1-back
paradigm, and that performance on the sentence recall test in noise correlated
with older adults’ working memory capacity.

The effect of age and LSPAN score on n-back performance was only
significant in the 1-back condition. This effect suggests that in the 1-back
condition only, increased age was associated with poorer percent correct with
increasing LSPAN score. However, this effect is likely the result of a limited
range in High LSPAN scores, in which adults past the age of 50 years did not
achieve high LSPAN scores (> 4). It is clear from the data plotted in Figure 2.7
that the model estimates for High LPSAN score for older adults reflect the best fit
predictions, but the range of the actual raw data is limited. This is also reflected
by relatively large confidence intervals in the predictions for older adults. Thus,
the three-way interaction of word position, age, and LSPAN was likely driven by
the limited range in LSPAN scores (i.e., mostly lower scores), and may not reflect
a true interaction between age and LPSAN score for this task. Taken together,
the familiarity of the target talker did not modulate performance on the n-back
test, which was used as a method to increase cognitive load on a working
memory task. This may suggest that while talker familiarity improves speech
understanding, this improvement does not also result in increased availability of

cognitive resources.
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Conclusions

This study examined the effect of talker familiarity on a speech
understanding test in a real-world environment. It was hypothesized that talker
familiarity benefit would be greater for older adults than for younger adults,
because older adults have reduced cognitive resources compared to younger
adults (Pichora-Fuller et al., 1995), and would have the potential to glean more
benefit from this cue because of reduced speech intelligibility and reduced
cognitive resources. The findings from this study indicate that while both younger
and older listeners exhibited a talker familiarity benefit in a real-world
environment, this benefit varies considerably more with working memory capacity
than age, although the two are highly correlated. The older adults with lower
working memory capacity did not show a significant talker familiarity benefit on
speech understanding, whereas those with a higher working memory capacity
exhibited this benefit. Conversely, younger adults with lower working memory
capacity showed a benefit of talker familiarity, whereas performance was near-
ceiling in the familiar and unfamiliar talker conditions for younger adults with
higher working memory capacity.

This study also examined the effect of a familiar voice on tasks of working
memory in a real-world environment. It was hypothesized that listening to a
familiar talker in a complex environment would be less cognitively taxing than
listening to an unfamiliar talker, and would thus result in higher performance on
an auditory working memory task when the signal was spoken by a familiar vs.

unfamiliar target talker. The familiarity of the target talker did not affect
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performance on the n-back test, which was used as a measure of auditory
working memory capacity. This finding may suggest that while talker familiarity
provides a speech understanding benefit in a real-world environment, this
improvement does not translate to a change in available cognitive resources in

that complex environment.
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Study 2: Effect of Target Talker and Masker Familiarity on a

Dichotic Speech Perception Task

Introduction

Conversing with a partner in a noisy environment, such as over lunch at a
busy restaurant, requires the listener to use strategies to pick out the important
information (i.e. speech) from the cacophony of background noise and
distractions. This type of scenario, where the listener must extract the target
speech from the background noise, is referred to as the “cocktail party problem”
(Cherry, 1953). The process of segregating and grouping sounds is critical for
speech understanding in noise (Bronkhorst, 2000) and is difficult for many
listeners. The problem is complex, as speech understanding in noise is
dependent on the environment in which the individual is listening (e.g. the type of
competing signals, real-world vs. laboratory setting), individual subject factors
(e.g. age, cognitive function), and characteristics of the talker(s) (e.g. gender,
native language, familiarity of the voice).

Real-world environments are dynamic — the level difference between the
target talker and the background noise, the characteristics of the talkers and
noise, and their location can vary from moment to moment. Average signal-to-
noise ratios (SNRs) in real-world environments, such as a school or restaurant,
are about +5 dB SNR (Smeds et al., 2015). Beyond the SNR, listening in the

presence of competing speech vs. steady-state noise can improve speech
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understanding by allowing the listener to glean portions of the target speech
through dips in the speech masker (Bronkhorst, 2000).

As described in the classic cocktail party problem, listeners are able to
improve speech understanding by ignoring irrelevant information in one ear and
focusing their attention on the intended message in the target ear (Cherry, 1953).
However, certain signals are known to divert attention towards the ear with the
“irrelevant information.” In a study by Moray (1959), listeners’ attention was
diverted from the primary listening task when their names were spoken in the
unattended or distractor channel in a dichotic shadowing task. These results
suggest that variations in context can result in a masker penalty. Brungart and
Simpson (2002) developed a listening paradigm to attempt to replicate a cocktail
party listening environment in a laboratory setting. The target ear contained the
voice of the target talker and the voice of a competing talker. A separate
competing talker voice was presented to the non-target talker ear, referred to as
the unattended ear. They found that the presence of a speech masker in the
unattended ear resulted in poorer speech segregation than when noise was
presented to the unattended ear, as well as when no sound was presented in
that ear (i.e. monotic presentation). These results are in agreement with Moray’s
findings, indicating that a relevant speech signal in the unattended ear interferes
with attention to the target talker in the test ear. This effect was greater than the
combination of energetic and informational masking that was present in the
target ear. lyer et al. (2010) used this same method, but varied the semantic

content of the message presented by the maskers in both ears. They found a
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“‘penalty” when at least one masker was contextually similar to the target talker,
especially in more adverse SNRs. These findings suggest that listeners perform
some categorization of speech in the unattended (masked) ear, and that this
processing can result in increased interference when the masker signal is highly
relevant to the listener.

Voice characteristics of the target and competing talkers, such as the
talker’s sex, can influence listeners’ attention to a particular speech stream. The
similarity of vocal features across target and competing talkers can result in
increased challenges in segregating the voices. Speech understanding in the
presence of competing speech is better when there is a difference in sex
(Brungart, 2001b; Brungart et al., 2001) or when there are differences in
fundamental frequency and vocal tract length (Darwin et al., 2003) between the
target and competing talkers. Both younger and older adults are able to take
advantage of these segregation cues (Lee & Humes, 2012). However, older
adults have greater difficulty listening in competing speech than younger adults.

Speech understanding in a complex environment can be especially
difficult for older adults with normal hearing, who are less able to extract the
target signal and inhibit the competing noise than younger adults with normal
hearing (Dubno et al., 1984; Wingfield et al., 2006). These differences can be
related not only to possible differences in signal audibility, but also to age-related
decline in cognitive ability. Senescent changes in working memory capacity,

inhibition, and speed of processing have been well described in the literature
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(CHABA, 1988; Hasher & Zacks, 1988; Lipnicki et al., 2017; Park et al., 2002;
Pichora-Fuller et al., 1995; Presacco et al., 2016a; Salthouse, 1996).

Working memory is the ability to analyze and temporarily store information
during a processing task (Baddeley & Hitch, 1974). The Ease of Language
Understanding model (Ronnberg, 2003; Ronnberg et al., 2019; Ronnberg et al.,
2008) suggests that the WM system is engaged when the auditory signal is
degraded, such as listening in background noise. Previous studies with normal-
hearing adults have shown that WM capacity is critical for speech understanding
in noise, and that age-related declines in WM capacity contribute to older adults’
difficulty listening in background noise (Gordon-Salant & Cole, 2016; Pichora-
Fuller et al., 1995).

One cue for speech segregation that improves speech understanding in
noise for older adults is the familiarity of the talker’s voice. Older adults with
hearing loss exhibit a 10-15% improvement in speech understanding in the
presence of competing noise and multi-talker babble when the target talker is
familiar (Souza et al., 2013). Johnsrude et al. (2013) measured the impact of
talker familiarity on a speech segregation task for older adults. Each participant
recorded stimuli from the Coordinate Response Measure (CRM), which uses
closed-set stimuli that follow the format “Ready <call sign> go to <color> <
number> now” (Bolia et al., 2000). This measure has been used to evaluate the
effects of informational masking and speech segregation (Brungart, 2001b;
Brungart et al., 2001). Stimuli for the Johnsrude et al. (2013) were mixed to

generate a target with one competing talker. Results from this study showed a
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talker familiarity benefit, such that speech understanding was best when the
target talker was a familiar voice. This talker familiarity benefit can persist even
when the familiar voice is acoustically modified to have a shifted fundamental
frequency (Holmes et al., 2018). Additionally, listeners in the Johnsrude et al.
(2013) study exhibited a familiarity benefit, although smaller and only at the most
adverse target-to-masker ratios (TMRs), when the target talker was unfamiliar
and the masker was familiar. This suggests that listeners were able to use the
familiarity of a voice as a cue for speech segregation, even when the familiar
voice was not the intended target; however, this effect of a familiar masker
benefit has not been replicated in more recent studies (Domingo, Holmes, &
Johnsrude, 2019; Holmes et al., 2018)

The talker familiarity benefit is effective in a spatial release from masking
paradigm. For example, Domingo, Holmes, Macpherson, et al. (2019) showed
that overall performance on a closed-set speech understanding test was
significantly better when the target talker was familiar vs. unfamiliar. Participants
exhibited a talker familiarity benefit that was comparable to a 15° spatial
separation between targets and maskers composed of unfamiliar talkers. The
talker familiarity benefit was dependent on the SNR, such that when the SNR
was more adverse, there was a larger spatial release from masking. When the
SNR was higher than 0 dB, however, listeners were not as dependent on the
familiarity cue, and relied more heavily on the acoustic cues of spatial separation

and SNR.
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Talker familiarity benefit can also correspond with a listener’s ability to
identify the voice of the target talker (Best et al., 2018; Rossi-Katz & Arehart,
2009; Sheffert et al., 2002). Nygaard and Pisoni (1998) employed a training
paradigm for young adults in which they had to identify 10 separate talkers
through a regimen over several days. Talker familiarity was confirmed through a
voice identification test, and speech intelligibility of each of the trained talkers
was then measured over a range of background noise levels for each listener.
They found that speech intelligibility was better for the trained vs. untrained
talkers. Using a similar training paradigm, Yonan and Sommers (2000) showed
that older adults performed more poorly than younger adults at identifying the
trained “familiar” talker. However, both groups received a significant intelligibility
benefit when listening to the trained talker compared to the untrained talker.

Listeners are faster and more accurate at identifying the voice of a famous
person than the voice of a person who became familiar through training
(Maibauer et al., 2014; Schweinberger et al., 1997). Fontaine et al. (2017) tested
the hypothesis that listeners utilize learned acoustic information from a talker
when exhibiting a familiarity benefit on a talker identification task. They measured
talker identification accuracy when the listeners were trained to identify a
particular voice and when the familiar voice was a famous voice. The results
suggested that listeners utilized the acoustic information when identifying famous
voices, but did not use these features when the familiar talker was a trained
voice. When listening to the famous voices, accuracy was higher and response

times were quicker on the talker identification task with increased amounts of
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acoustic information. The results from the trained voices, however, showed that
greater amounts of acoustical information resulted in poorer talker identification
accuracy. This difference in listener performance for trained vs. famous voices

shows that listeners benefit from a more long-term acoustic representation of a
voice for it to act as a personally familiar talker.

As discussed in the previous two chapters, the familiarity of a talker’s
voice can influence stream segregation. While listeners are better able to extract
target speech information from competing speech when the target talker is
familiar (Johnsrude et al., 2013), it is not clear how the familiar voice could
potentially cause attentional resources to divert from the target if the familiar
speech is in a competing stream. Johnsrude et al. (2013) found that when a
competing talker was familiar, there was a benefit in speech understanding,
compared to when both the target and maskers were novel. This study will
examine whether or not the presence of a familiar voice serving as a masker will

affect speech segregation in a simulated cocktail party listening task.

Research Questions and Hypotheses

The goals of this study were: 1) to determine if listeners experience a
benefit on speech understanding in a complex auditory environment with one or
two competing talkers when the target talker is familiar; 2) to determine if
listeners’ ability to correctly identify a talker as familiar impacts the benefit of a
familiar talker in a complex environment; 3) to determine if these familiarity
effects persist when the masker is familiar; and 4) to determine if these effects

vary as a function of listener age.
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Hypothesis 1: Speech understanding performance will improve when the
FV is the target; and decline when the FV is the masker. Based on previous
research, it was expected that listeners would have a speech understanding
improvement when listening to a familiar target talker versus to an unfamiliar
voice. It was predicted, however, that when the familiar voice is a masker, it will
draw attention away from the unfamiliar target voice when the FV is a masking
signal, resulting in a familiar talker “penalty” to speech understanding.

Hypothesis 2: Speech understanding performance will be poorer when
listening in a dichotic vs. monotic configuration. It was expected that an increase
in the number of competing talkers would result in poorer speech understanding
(Brungart, 2001b; Brungart & Simpson, 2002). Furthermore, it was expected that
the dichotic signal (i.e., the masker in the non-test ear) would attract the listener’'s
attention when the familiar voice is the masker in the non-target ear (Conway et
al., 2001; Moray, 1959).

Hypothesis 3: The benefit received from a familiar voice will not be
dependent on whether the listener can knowingly identify the voice as familiar or
unfamiliar. In other words, regardless of whether the listener could accurately
identify the familiar talker as familiar, the listener would still exhibit a familiar
voice benefit on speech understanding. Previous studies have shown that
speech understanding performance of a familiar voice did not correlate with
listeners’ accuracy at explicitly identifying that particular voice (Kreitewolf et al.,

2017; Yonan & Sommers, 2000).
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Hypothesis 4: Older listeners were expected to benefit more from a
familiar target voice and to experience a greater detrimental effect from a familiar
masking voice, compared to younger adults. In other words, younger and older
listeners would be differentially impacted by the presence of a familiar voice. This
effect would manifest as either a greater improvement in speech understanding
when the familiar voice was the target talker, or a greater detriment to speech
understanding when the familiar voice was a competing talker. It was predicted
that there would be an interaction between the effects of talker familiarity and the
age of the listener, because older adults have reduced available cognitive
resources (CHABA, 1988; Lipnicki et al., 2017) and poorer speech understanding

in difficult listening environments (Dubno et al., 1984).

Method
Participants

Pairs of normal-hearing adults aged 18-80 years old who were highly
familiar with each other were recruited. A total of 15 younger normal-hearing
adults (YNH; x =32.7 yrs £ 3.8), and 15 older normal-hearing adults (ONH; x =
62.9 yrs £ 4.4) completed this study. Familiar partners were defined as spouses
who have cohabitated for at least 1 year. Normal hearing sensitivity was defined
as thresholds < 25 dB HL from 250-4000 Hz (ANSI, 2018). Participants
completed the Montreal Cognitive Assessment (Nasreddine et al., 2005), and
had passing scores of = 26. Participants completed a high school level of

education, and were native speakers of English. If one of the two familiar
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partners did not qualify for the study, the participant who did not qualify was then
asked to record stimuli for their partner to listen to in the study (see Stimuli
section). The participants from Study 1 were eligible to participate in Study 2. A
total of eight participants (Younger: n = 6; Older: n = 2) completed both Study 1
and Study 2.

An a priori power analysis was conducted to determine a sufficient sample
size for a repeated measures (RM) analysis of variance (ANOVA) with 10
measurements and a small effect size (0.25), power of 0.8, and alpha level of
0.05. Effect size was based on data previously reported by Johnsrude et al.
(2013). Although the required sample size for the proposed study is 18 adults,
planned multilevel models of the data will benefit from a larger sample. Data
collection was completed over the course of two sessions. In the first session,
informed consent was obtained, followed by the hearing and cognitive screening
to verify if the participant met the inclusion criteria. All other experimental

measures were completed in the second session.
Stimuli

Sentences from the Boston University Gerald (BUG) speech corpus (Kidd
et al., 2008) were used as the stimuli for this study. The sentences follow the
form “<name> <verb> <number> <adjective> <object>", where there are eight
possible word foils for each of the five categories. The target stimuli were defined
by the name category in each sentence. The participants were instructed to listen
for the sentence with “Bob” as the name. Sentences with the seven remaining

names were used as maskers. The stimuli for a given listener (familiar and
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unfamiliar voices) were the same sex as each other to avoid adding a voice pitch
cue that could result in better than expected performance.

Each participant recorded a unique subset of 240 sentences that were
presented as the familiar voice for their spouse, and the recordings were
potentially used as an unfamiliar voice for other participants. To guide all talkers
to speak at the same rate, videos were created for each sentence to indicate the
desired speed (Holmes, 2018) (Figure 3.1). The videos were compiled in Adobe
Premiere Pro CC (Version 13), exported as a merged video, and played for the

participant during the recording session.

Figure 3.1. Two example frames from the video “Mike bought nine blue toys”. The red
bar progressed across the screen at a speed of 2.4 seconds per sentence.

The audio recordings were made in a sound-attenuating booth or in a
quiet room using a Shure SM48 microphone and a Marantz PMD661 two-
channel solid-state audio recorder. The pacing videos of each sentence were
played while the talker recorded the sentences. Each sentence was recorded two
times per talker and the sentence that was more intelligible was selected as the

stimulus. The final sentences were equated in root-mean-square (RMS) level and
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a calibration tone was created to be equivalent to the RMS level of the sentence

stimuli.
Procedures

Speech Understanding for Monotic and Dichotic Conditions. There
were two main listening configurations in this study: 1) monotic, and 2) dichotic.
The three monotic conditions (Figure 3.2) include a target talker and one
competing talker in the same ear. The conditions were as follows: a familiar
target talker and an unfamiliar competing talker (Familiar Target), an unfamiliar
target talker and a familiar competing talker (Familiar Masker), and an unfamiliar
target talker and an unfamiliar competing talker (Both Unfamiliar). In a given trial,
participants selected the words they heard from a closed set of eight possible
foils for each word category using a touch screen monitor. Target sentences
were presented at 65 dB SPL to the right ear, and the competing speech was
presented at 0 dB and -5 dB SNR, also to the right ear. These levels were
chosen to ensure audibility for the younger and older adults, and to avoid floor
and ceiling performance. There were 20 trials for each condition at each SNR;
these were presented in a randomized order such that each condition was

presented twice in a block of 20 trials.

TARGET EAR

Target Masker

Target +

Masker (TE) Familiar Target FAM Unf
Familiar Masker Unf FAM
Both Unfamiliar Unf Unf

Figure 3.2. Schematic of monotic condition configurations.
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The four dichotic conditions always had a target voice and a single
competing talker in the right ear, and a second competing talker in the opposite
ear (Figure 3.3). The familiarity of the target and masker voices across each
condition varied, and included the following conditions: a familiar target talker +
two unfamiliar competing talkers (Familiar Target), an unfamiliar target talker + a
familiar competing talker in the target ear with an unfamiliar talker in the opposite
ear (Familiar Masker — TE), an unfamiliar target + unfamiliar competing talker in
the target ear and a familiar competing talker in the opposite ear (Familiar
Masker — OE), and an unfamiliar target talker + two unfamiliar competing talkers
(Al Unfamiliar). The target speech was presented at 65 dB SPL to the right ear,
and the target ear masker was presented at 0 dB SNR; the opposite ear masker
was presented at 0 dB SNR relative to the target ear (Brungart & Simpson,
2002). For both the monotic and dichotic conditions, sentences were scored for
the number of target keywords correct. Prior to the start of the experiment, a

practice block of 10 trials was administered to familiarize the listener with the

task.
TARGETEAR | OPPOSITE
Target | Masker Masker
Masker (OE) MTarget + Familiar Target FAM Unf Unf
asker (TE) | Familiar Masker (TE) |  Unf FAM Unf
Familiar Masker (OE) Unf Unf FAM
All Unfamiliar Unf Unf Unf

Figure 3.3. Schematic of dichotic condition configurations.

Talker Identification. A talker identification task was completed after

each trial in the monotic and dichotic conditions to determine whether listener
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accuracy in identifying the familiarity of a talker is related to the effect (benefit or
detriment) of familiar talkers as target or masker talkers. Immediately following
each trial in the speech understanding experiment, the listener was prompted to
identify whether the target talker was familiar (i.e. their spouse) or unfamiliar.
There were 20 trials for each condition and at each SNR. Prior to the start of the
experiment, a practice block of 10 trials was administered to familiarize the
listener with the task.

Cognitive Measures. Participants completed several cognitive
measurements from the domains of WM, selective attention and inhibition, and
speed of processing. All subtests, with the exception of the LSPAN, were
measured using the tablet-based NIH Toolbox (Gershon et al., 2013). The raw
scores and response times from these measures are included in the planned
analyses (see Data Analysis section).

Working memory capacity was measured using the List Sorting Working
Memory Test (LSWM) from the NIH Toolbox (Tulsky et al., 2014). A series of
items were presented visually and auditorily on the tablet. The participant was
asked to repeat the items back in ascending size order (e.g. blueberry to
elephant). The LSWM score is the number of items accurately reordered.

Selective attention and inhibition were measured using the Flanker test
(Eriksen & Eriksen, 1974) administered through the NIH Toolbox. The Flanker
test measures accuracy and response time on a task that requires the participant
to select the orientation of an arrow (left vs. right) that is surrounded by arrows

that are facing the same direction (congruent), or opposite directions
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(incongruent) from the target arrow. Accuracy scores and response times were

measured.

Data Analysis

Speech understanding scores from each participant on each trial were
analyzed with a generalized linear mixed effects (GLME) model, using the
buildmer package (Voeten, 2020), as previously described in Study 1. Separate
models were run for the monotic (3 levels: Familiar Target, Familiar Masker, Both
Unfamiliar) and dichotic (4 levels: Familiar Target, Familiar Masker — TE, Familiar
Masker — OE, and All Unfamiliar) configurations. The input parameters to each
model included the dependent variable (speech understanding score) and fixed
effects of talker familiarity condition, SNR (0 and -5 dB), talker identification score
(Correct vs. Incorrect), scores from the cognitive measures (LSPAN and Flanker
tests), their interactions, and the maximal number of random effects possible.
The main effect of interest was familiarity condition, which would indicate whether
speech understanding was modulated by the role (target talker vs. masker) and
location (target ear vs. opposite ear) of the familiar voice. Additionally, word error
patterns were evaluated using GLME models to determine if confusions were
biased towards the FV by calculating the proportion of correct and incorrect
responses for each condition. During the buildmer model building process, the
cognitive measures (LSPAN and Flanker tests) were both removed from the final

models.
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Results
Monotic Conditions: Target Talker and One Competing Talker

Speech Understanding. A GLME model was conducted to determine the
contribution of talker familiarity, SNR, talker ID performance, and age group to
speech understanding scores on a monotic listening task. The three monotic
listening conditions were: Familiar Target, Familiar Masker, and Both Unfamiliar

(Figure 3.2). The results from the final GLME model are shown in Table 3.1.
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Table 3.1

GLME Model for Monotic Speech Understanding Conditions

Fixed Effects Estimate SE Y4 P
(Intercept) 1.042 0.160 6.516 <0.001 ***
Condition: All Unfamiliar (ref)

Familiar Target 1.441 0.199 7.248 <0.001 ***

Familiar Masker 0.051 0.156 0.328 0.743
Signal-to-Noise Ratio: 0 dB (ref)

-5 dB -0.259 0.157 -1.656 0.098
Talker ID: Correct (ref)

Incorrect -0.732 0.495 -1.478 0.139
Age Group: YNH (ref)

ONH -0.979 0.224 -4.378 <0.001 ***

Interactions
Familiar Target x -5dB SNR 0.074 0.185 0.399 0.690
Familiar Masker x -5dB SNR 0.092 0.157 0.588 0.557
Familiar Target x Talker ID -0.997 0.522 -1910 0.056
Familiar Masker x Talker ID -1.919 0480 -4.001 <0.001 ***
Familiar Target x ONH -0.165 0.270 -0.613 0.540
Familiar Masker x ONH 0.355 0.219 1.622 0.105
Talker ID x -5 dB SNR -1.631 0.836  -1.951 0.051
Talker ID x ONH -0.920 0.786 -1.171 0.242
ONH x -5dB SNR -0.326 0.208 -1.564 0.118
Familiar Target x -5 dB SNR x Talker ID 1.134 0.872 1.301 0.193
Familiar Masker x -5dB SNR x Talker ID 1.003 0.828 1.211 0.226
Familiar Target x -5dB SNR x ONH -0.165 0.243 -0.679 0.497
Familiar Masker x -5 dB SNR x ONH -0.154 0.213 -0.720 0.471
Familiar Target x Talker ID x ONH 0.807 0.794 1.016  0.310
Familiar Masker x Talker ID x ONH 1.677 0.757 2.215 0.027 ~*
Talker ID x -5dB SNR x ONH 2.797 1.084 2.580 0.009 **
Familiar Target x Talker ID x -2.263 1.115  -2.030 0.042 *
-5dB SNR x ONH
Familiar Masker x Talker ID x -2.651 1.079 -2.458 0.014 -~
-5 dB SNR x ONH

Random Effects Variance SD
Subject Intercept 0.312 0.559
Subject Familiar Target Slope 0.306 0.554
Subject Familiar Masker Slope 0.197 0.444
Subject Talker ID Slope 0.675 0.822
Subject -5 dB SNR Slope 0.160 0.400
Subject Talker ID x -5 dB SNR Slope 0.835 0.914

**%5<0.001. *p<0.01. *p<0.05.

The effect of most interest was whether talker familiarity differentially

influenced speech understanding on a monotic listening task for YNH and ONH

listeners. The proportion of correct scores for the speech understanding task

were transformed into rationalized arcsine units (RAU; Studebaker, 1985), and
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were plotted for YNH and ONH listeners as a function of monotic listening
condition (Figure 3.4) Although performance is plotted for each group separately,
there was no significant interaction of Age x Condition (p>0.05). There was a
significant main effect of talker familiarity (p<0.001), with higher scores achieved
when the target talker was familiar than when the target talker was unfamiliar (i.e.
Familiar Masker and Both Unfamiliar conditions). Performance in the Familiar
Masker condition was not significantly different from performance in the Both
Unfamiliar condition (p>0.05). There was also a main effect of age group, with
YNH listeners performing better than the ONH listeners (p<0.001). The main
effects of age and familiarity should be interpreted with caution as they were

involved in higher-order interactions.
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Figure 3.4. Speech understanding performance (RAU score) for each monotic condition,
plotted separately for the YNH and ONH groups. The black dots represent individual
subject scores averaged across all trials.

The primary effect of interest in this study was the effect of talker
familiarity condition (Familiar Target, Familiar Masker, and Both Unfamiliar)

across the two age groups (YNH vs. ONH). There were two significant three-way
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interactions, which in turn contributed to a significant four-way interaction
between Condition, Target Talker ID, SNR, and Age. For reference, RAU scores
for the target talker identification task were plotted with respect to monotic
listening condition for both age groups (Figure 3.5). The individual points on both
figures represent individual RAU scores for each participant, averaged across all
test trials for a particular condition. While accuracy on the identification task was
relatively high, performance on the Familiar Masker condition was significantly

poorer than the Both Unfamiliar condition (p<0.001).
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Figure 3.5. Target talker identification performance (RAU score) for each monotic
condition, plotted separately for the YNH and ONH groups. The black dots represent
individual subject scores averaged across all trials.

The first three-way interaction, shown in Figure 3.6, is between Condition,
Target Talker ID, and Age. When the target talker identification was correct, the
YNH group performed better in the Familiar Target condition than in the Familiar
Masker and Both Unfamiliar condtions (p<0.001), but their performance did not
differ between the Familiar Masker and Both Unfamiliar conditions. The ONH

group, however, had significantly different scores across each of the three
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conditions when the target talker identification was correct. The ONH listeners
performed best when the familiar voice was the target talker and poorest when
both voices were unfamiliar. Speech understanding performance in the Familiar
Masker condition was better than the Both Unfamiliar condition (§ = 0.406, SE =
0.153, Z = 2.652, p = 0.008).

When the talker identification was incorrect, the YNH group’s scores did
not vary between the familiar target and both unfamiliar conditions (§ = 0.444, SE
= 0.531, = 0.836, p = 0.403), suggesting that talker identification accuracy may
be related to talker familiarity benefit. Additionally, YNH listeners performed more
poorly in the Familiar Masker condition than in the Familiar Target condition
(p<0.001). The ONH listeners also demonstrated poorer performance on the
Familiar Masker condition than the Familiar Target and Both Unfamiliar
conditions when talker identification was incorrect. Comparing across groups, the
YNH listeners performed better than the ONH listeners in the Familiar Target
condition when the target identification was either correct (p<0.01) and incorrect
(p<0.05). A similar pattern of performance was observed in the Unfamiliar
Condition when the target talker identification score was correct. For all other

contrasts, performance between groups was not significantly different (p>0.05).
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Figure 3.6. Speech understanding performance plotted with respect to talker
identification accuracy as a function of listening condition. Scores were plotted
separately for YNH and ONH listener groups. Error bars represent + 1 SE.

The effect of talker identification was also impacted by age and SNR, and
this three-way interaction is shown in Figure 3.7. Each of the three listening
conditions was tested at 0 dB and 5 dB SNR. When talker identication scores
were correct, YNH listeners did not perform differently in the two SNR settings,
whereas the ONH listeners performed better when the SNR was 0 dB than -5 dB.
Additionally, the YNH listeners performed better than the ONH listeners for both
SNRs when talker identification was correct. A different pattern emerged when
the talker identification scores were incorrect. In this circumstance, YNH listeners
performed better in the 0 dB SNR condition than in the -5 dB SNR condition, and
the ONH listeners performed equally poorly in both SNR conditions (8 = -0.580,
SE =0.717, Z =-0.909, p = 0.418). The YNH listeners performed better than the

ONH listeners at the 0 dB SNR condition, but did not perform significantly
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differently in the — 5 dB SNR condition (g =-0.571, SE = 0.845, Z =-.676, p =

0.499).
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Figure 3.7. Speech understanding performance grouped across the monotic conditions,
plotted as a function of SNR for Correct and Incorrect talker identification scores. RAU
scores were plotted separately for YNH and ONH listener groups. Error bars represent +
1 SE.

The pattern of performance of the two listener groups was influenced by
all three of the other variables, as reflected in a four-way interaction between age
group, condition, SNR, and target talker identification. As shown in Figure 3.8,
the effect contributing to this interaction is the difference in performance of the
YNH and ONH listeners, particuarly in the Both Unfamiliar condition (right column
of Figure 3.8). When the stimuli were presented at 0 dB SNR in the Both
Unfamiliar condition, the YNH and ONH listeners performed better when they
correctly identified the target talker than when the talker identification was
incorrect, although the performance of the YNH listeners was better than that of
the ONH listeners. This performance pattern changed when the Both Unfamiliar

condition was presented at -5 dB SNR. In this case, the YNH listeners continued
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to show a decline in performance when the target talker identification was
incorrect, but the ONH listeners showed no change in performance as a function
of talker identification accuracy (f = 0.487, SE = 0.482, Z=1.010, p = 0.313).
The age-related differences (or lack thereof) were similar at the 0 and -5 dB
SNRs for the Familiar Target and Familiar Masker conditions. Both the YNH and
ONH listeners across these two conditions performed more poorly when the

talker ID was incorrect vs. correct.
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Figure 3.8. Speech understanding performance for the monotic conditions, plotted as a
function of target talker identification score. Scores were plotted separately for YNH and
ONH Groups, and for each of the listening conditions. Error bars represent + 1 SE.

Error Analysis. An analysis was conducted to identify the types of errors

participants made in each of the monotic conditions. The response errors were
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classified into two categories: masker and non-masker. A masker error occurred
when the listener responded with a word spoken by the masker, and a non-
masker error occurred when the listener responded with a word that was not
present in that particular trial. The proportion of masker errors within a trial was
calculated for each participant for all trials that had at least one incorrect target
word. The masker error was of main importance to this analysis, thus all words
with non-masker errors were excluded from the analysis. A GLME model was
conducted to determine the contribution of talker familiarity, SNR, talker ID
performance, and age group to the proportion of masker errors per trial in the
monotic conditions. The results from the final GLME model are shown in Table

3.2.
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Table 3.2

GLME Model for Monotic Errors

Fixed Effects Estimate SE Y4 P
(Intercept) 0.100 0.090 1.106 0.269
Condition: All Unfamiliar (ref)

Familiar Target -0.756 0.146 -5.186 <0.001 ***

Familiar Masker -0.601 0.116 -5.188 <0.001 ***
Signal-to-Noise Ratio: 0 dB (ref)

-5 dB 0.276 0.078 3.524 <0.001 ***
Target Talker ID: Correct (ref)

Incorrect -0.186  0.443 -0.421 0.674
Age Group: YNH (ref)

ONH 0.082 0.108 0.766 0.444

Interactions

Familiar Target x -5 dB SNR -0.400 0.151 -2.639 0.008 **
Familiar Masker x -5dB SNR -0.075 0.127 -0.594 0.552
Familiar Target x Target Talker ID 1.060 0463 2289 0.022 *
Familiar Masker x Target Talker ID 2069 0440 4.701 <0.001 **=
Familiar Target x ONH 0.168 0.157 1.069 0.285
Familiar Masker x ONH 0.218 0.130 1.683 0.092
Target Talker ID x -5 dB SNR -0.873 0460 -1.899 0.058
Target Talker ID x ONH 1109 0548 2.022 0.043 ~*
Familiar Target x Target Talker ID x -5dB SNR 1427 0497 2869 0.004 **
Familiar Masker x Target Talker ID x -5dB SNR 1556 0491 3.168 0.002 **
Familiar Target x Target Talker ID x ONH -1.110  0.547 -2.029 0.042 *
Familiar Masker x Target Talker ID x ONH -1.792 0529 -3.386 <0.001 ***
Random Effects Variance SD
Subject Intercept 0.036 0.189
Subject Target Talker ID Slope 0.358  0.598

**%p<0.001. **p<0.01. *p<0.05.

The GLME analysis revealed significant main effects of condition and
SNR. There also significant two- and three-way interactions involving the factors
of Condition, SNR, Target Talker ID, and Age. The three-way interaction between
Condition, Target Talker ID, and Age reflects that error proportions for age group
were modulated by listening condition, as well as by whether the listener was
able to correctly identify the familiarity of the target talker (Figure 3.9). Error
proportion within a sentence was plotted for YNH and ONH listeners for each

listening condition, and was plotted when talker ID scores were correct and
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incorrect. Both groups exhibited a greater proportion of masker errors when the
talker identification was incorrect vs. correct for the Familiar Talker and Familiar
Masker conditions (p<0.001). In the Familiar Talker condition, both groups
showed a similar increase in error proportion from correct to incorrect talker
identification scores (p>0.05). However, in the Familiar Masker condition, the
YNH listeners had a greater increase in errors from correct to incorrect talker ID
than the ONH listeners (f = -0.683, SE = 0.298, Z = -2.294, p = 0.02). In the Both
Unfamiliar condition, the ONH listeners had a greater proportion of errors when
the talker ID score was incorrect than the YNH listeners (f = 1.191, SE = 0.528,
Z =2.256, p = 0.024).The YNH listeners’ errors did not vary across talker ID
score in the Both Unfamiliar condition. Overall, these results suggest that with the
exception of the Both Unfamiliar condition, both YNH and ONH have equally high
error rates when they are unable to correctly identify the familiarity of the target

talker.
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Figure 3.9. Proportion of masker errors for the monotic conditions, plotted as a function
of when the talker identification score was “correct” or “incorrect”. Scores were plotted
separately for YNH and ONH Groups. Error bars represent + 1 SE.

79



Figure 3.10 shows that the error proportion for monotic conditions varied
as a function of SNR and talker identification accuracy for each condition,
reflecting the significant three-way interaction between Condition, Target Talker
ID, SNR. Error proportions were collapsed across listener group for this analysis.
For both the Familiar Target and Familiar Masker conditions, error proportions
increased when the talker identification score was incorrect (relative to correct
talker identification) for both the 0 dB and -5 dB SNRs (p<0.001). However, the
magnitude of increase in error proportion differed for the two SNRs. There was a
steeper increase in error proportion from correct to incorrect talker identification
scores when the stimuli were presented at -5 vs. 0 dB for the Familiar Talker (8 =
-0.683, SE = 0.298, Z = -2.294, p = 0.02) and Familiar Masker (f = 0.554 SE =
0.189, Z = 2.935, p = 0.003) conditions. There was no difference across the two
SNRs in the Both Unfamiliar condition when talker identification scores were
incorrect. However, when talker identification scores were correct, error
proportion was significantly higher when stimuli were presented at -5 dB
(p<0.001). These findings suggest that the proportion of masker errors was
higher in the more adverse SNR and when identification of target talker familiarity
was incorrect. It is possible that listeners were biased towards responding to the
“louder” voice (-5 dB SNR), which then resulted in an increase in errors when
talker identification was incorrect. In the two conditions that had a familiar voice,
either as a target or competing talker, error proportions did not vary greatly
across SNR when the talker identification was correct. Thus, explicit target talker

familiarity identification may be critical for reducing the effects of adverse SNRs.
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Figure 3.10. Proportion of masker errors for the monotic conditions, plotted as a function
of when the talker identification score was “correct” or “incorrect. Scores were plotted
separately for the 0 dB and -5 dB SNR conditions. Error bars represent + 1 SE.

Dichotic Conditions: Target Talker and Two Competing Talkers

Speech Understanding. Speech understanding scores for the four
dichotic listening conditions (1) Familiar Target, 2) Familiar Masker — TE, 3)
Familiar Masker — OE, and 4) All Unfamiliar) were transformed to a RAU scale
(Studebaker, 1985). A GLME model was conducted to determine the contribution
of talker familiarity, talker ID performance, and age group on speech
understanding scores on a dichotic listening task. The results from the final

GLME model are shown in Table 3.3.
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Table 3.3

GLME Model for Dichotic Conditions

Fixed Effects Estimate SE Y4 P
(Intercept) 0.010 0.190 0.055 0.956
Condition: All Unfamiliar (ref)
Familiar Target 1.648 0.175 9.437 <0.001
Familiar Masker (Target Ear) 0.221 0.155 1.422 0.155
Familiar Target (Opposite Ear) 0.021 0.119 0.180 0.857
Target Talker ID: Correct (ref)
Incorrect -1.277 0.607 -2.105 0.035
Age Group: YNH (ref)
ONH -0.871 0.272 -3.199  0.001
Interactions
Familiar Target x ONH -0.379  0.256 -1.481 0.139
Familiar Masker (TE) x ONH -0.228 0.229 -0.994 0.320
Familiar Masker (OE) x ONH -0.079 0.182 -0.435 0.663
Familiar Target x Target Talker ID -0.817 0.608 -1.345 0.179
Familiar Masker (TE) x Target Talker ID -0.823 0.616 -1.335 0.182
Familiar Masker (OE) x Target Talker ID 0.065 0.666 0.098 0.922
ONH x Target Talker ID 1229 0.679 1.809  0.070
Familiar Target x Target Talker ID x ONH -1.052 0.686 -1.534 0.125
Familiar Masker (TE) x Target Talker ID x ONH -0.169 0.692 -0.244 0.807
Familiar Masker (OE) x Target Talker ID x ONH -0.594 0.747 -0.796 0.426
Random Effects Variance SD
Subject Intercept 0.490 0.700
Subject Familiar Target Slope 0.260 0.510
Subject Familiar Masker (TE) Slope 0.221 0.470
Subject Familiar Masker (OE) Slope 0.103 0.321
Subject Target Talker ID Slope 0.308 0.555

**%5<0.001. *p<0.01. *p<0.05.

The results of the GLME revealed significant main effects of condition,

target talker identification, and age group, and no significant interactions. As

*%

shown in Figure 3.11, the YNH listeners performed better on the dichotic listening

conditions than the ONH listeners (p<0.001). This effect did not vary by condition.

The post-hoc releveling of the GLME model revealed that performance on the

Familiar Target condition was significantly better than in all other listening

conditions (p<0.001). The Familiar Masker conditions (Target Ear and Opposite

Ear) and the All Unfamiliar condition did not differ significantly from each other.

This suggests that in a dichotic listening task, both YNH and ONH listeners
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exhibit benefit from listening to a familiar target talker, but are not differentially

affected when a familiar voice is used as a competing talker.

- Familiar Masker Familiar Masker o
Familiar Target (Target Ear) (Opposite Ear) All Unfamiliar
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Figure 3.11. Speech understanding performance (RAU score) for each dichotic
condition, plotted separately for YNH and ONH group. The black dots represent
individual subject scores averaged across all trials.

Error Analysis. An analysis of the types of errors participants made in
each of the dichotic conditions was conducted. The response errors were
classified into three categories: masker (target ear), masker (opposite ear), and
non-masker. The masker errors occurred when the listener responded with a
word spoken by the masker, either in the masker from the target ear or the
masker from the opposite ear, and the non-masker error occurred when the
listener responded with a word that was not present in that particular trial.
Because the masker errors were of main importance to this analysis, all words
with non-masker errors were excluded from this analysis. A GLME model was

conducted to determine the contribution of talker familiarity, error type, talker ID
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performance, and age group on word errors in the dichotic conditions. The

results from the final GLME model are shown in Table 3.4.

Table 3.4

GLME Model for Dichotic Errors

Fixed Effects Estimate SE 4 P
(Intercept) -0.940 0.109 -8.595 <0.001
Condition: All Unfamiliar (ref)

Familiar Target -0.159 0.091 -1.740 0.082

Familiar Masker (Target Ear) 0.024 0.077 0.309 0.758

Familiar Masker (Opposite Ear) -0.005 0.076 -0.063 0.950
Error Type: Masker - Opposite Ear (ref)

Masker - Target Ear 0.181 0.108 1.673 0.094
Talker ID: Correct (ref)

Incorrect 0.205 0.066 3.114 0.002
Age Group: YNH (ref)

ONH 0.278 0.114 2440 0.015

Interactions

Error Type (TE) x ONH -0.336  0.132 -2.558 0.011
Random Effects Variance SD
Subject Intercept 0.003 0.054

**%5<0.001. *p<0.01. *p<0.05.

% % %k

*%

The proportion of errors that were categorized as Masker — Target Ear

and Masker — Opposite Ear, varied across the YNH and ONH listener groups.

Examination of the Error Type x Age interaction revealed that the YNH listeners

did not differ in error proportion for the target ear and opposite ear masker errors

(p>0.05). The ONH listeners, however, had a greater proportion of opposite ear

errors than target ear errors (f =-0.156, SE = 0.075, Z = -2.068, p = 0.039), and

had a greater proportion of opposite ear errors than the YNH listeners (p<0.05).

This suggests that older adults committed more intrusion errors than younger

adults when listening in a dichotic configuration. This may also indicate that older

adults have increased difficulty suppressing competing speech, regardless of
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talker familiarity, in a complex environment. Additionally, the GLME analysis
revealed a significant main effect of target talker identification. Consistent with
previous analyses in this study, error proportion was lower when talker
identification scores were correct vs. incorrect (p<0.01), and overall error

proportion was lower for YNH listeners vs. ONH listeners (p<0.05).

Comparison of Monotic and Dichotic Conditions

Speech understanding scores were compared in monotic vs. dichotic
configurations across the three listening conditions that were in common:
Familiar Target, Familiar Masker, and All Unfamiliar (both target and masker
talker are unfamiliar). In order to accomplish this comparison, performance
scores in Familiar Masker — TE and Familiar Masker — OE were merged into a
single condition of Familiar Masker. All scores were transformed to a RAU scale.
A GLME model was conducted to determine the contribution of talker familiarity,
configuration (monotic vs. dichotic), talker ID performance, and age group on
speech understanding in a complex auditory task. The results from the final

GLME model are shown in Table 3.5.
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Table 3.5

GLME Model for the Monotic vs. Dichotic Conditions

Fixed Effects Estimate SE Y4 P
(Intercept) 1.058 0.158 6.679 <0.001 ***
Condition: All Unfamiliar (ref)

Familiar Target 1403 0.188 7.478 <0.001 ***

Familiar Masker 0.030 0.128 0.237 0.812
Configuration: Monotic (ref)

Dichotic -1.061  0.117 -9.097 <0.001 ***
Talker ID: Correct (ref)

Incorrect -1.237 0.398 -3.109 0.002 **
Age Group: YNH (ref)

ONH -1.009 0.221 -4.557 <0.001 ™

Interactions

Familiar Target x Dichotic 0.271 0.161 1.685 0.092
Familiar Masker x Dichotic 0.076 0.126 0.600 0.548
Familiar Target x Talker ID -0.752 0.403 -1.868 0.062
Familiar Masker x Talker ID -1.496 0.390 -3.832 <0.001 ***
Familiar Target x ONH -0.131  0.252 -0.521 0.603
Familiar Masker x ONH 0.409 04177 2.311 0.021 ~
Talker ID x Dichotic 0.724 0413 1.753 0.080
Talker ID x ONH 0.315 0493 0.640 0.522
Dichotic x ONH 0.210 0.164 1.277 0.202
Familiar Target x Talker ID x Dichotic -0.778 0.445 -1.748 0.080
Familiar Masker x Talker ID x Dichotic 0.231 0437 0.530 0.596
Familiar Target x Talker ID x ONH -0.116  0.473 -0.244 0.807
Familiar Masker x Talker ID x ONH 0.595 0461 1.291 0.197
Familiar Target x Dichotic x ONH -0.438 0.203 -2.156 0.031 *
Familiar Masker x Dichotic x ONH -0.571 0175 -3.258 0.001 **
Random Effects Variance SD
Subject Intercept 0.305 0.552
Subject Familiar Target Slope 0.278 0.527
Subject Familiar Masker Slope 0.090 0.301
Subject Dichotic Slope 0.079 0.282
Subject Talker ID Slope 0.381 0.618

**%n<0.001. **p<0.01. *p<0.05.

There were significant findings for all main effects tested (listening
condition, configuration, target talker ID, and age group). Main effects will be
discussed in the context of their higher-order interactions. There were significant
two-way interactions of Condition x Talker ID and Condition x Age, as well as a
significant three-way interaction of Condition x Configuration x Age. The

interaction of interest in this analysis was whether talker familiarity benefit varied
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across the listening configurations (Monotic vs. Dichotic). To analyze the three-
way interaction of Condition x Configuration x Group, speech understanding
scores were plotted as a function of configuration (monotic vs. dichotic) and age
group (YNH vs. ONH) for each of the three listening conditions (Figure 3.12).
Upon inspection, both groups performed more poorly on the dichotic conditions
than the monotic conditions (p<0.001), and the ONH listeners performed more
poorly than the YNH listeners in the monotic and dichotic presentation modes
(p<0.001). The two age groups performed differently on the monotic vs. dichotic
presentation configurations across the three listening conditions. Both groups
exhibited a similar decline in speech understanding score from the monotic to
dichotic presentation modes in the Familiar Target (p>0.05) and Both Unfamiliar
conditions (p>0.05). However, in the Familiar Masker condition, the ONH group
showed a significantly greater change in performance across configurations than
the YNH listeners (8 =-0.362, SE = 0.159, Z = -2.276, p = 0.023). This finding
suggests that in the most challenging condition (Familiar Masker), the ONH
listeners were more negatively impacted by a dichotic vs. monotic listening

environment than the YNH listeners.
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Figure 3.12. Speech understanding performance for the three listening conditions,
plotted as a function of the Monotic and Dichotic configurations. Scores were plotted
separately for the YNH and ONH groups. Error bars represent +/- 1 SE.

The interaction between Condition and Talker ID is plotted in Figure 3.13.
Speech understanding scores were higher in the Familiar Talker condition than in
the Familiar Masker (p<0.001) and Both Unfamiliar conditions (p<0.001) when
talker identification was correct. When talker identification was incorrect, overall
performance level was significantly lower than when talker identification scores
were correct across all conditions, and speech understanding scores were
significantly worse in the Familiar Masker condition than the Familiar Target
(p<0.001) and Both Unfamiliar (p<0.001) conditions. Scores were significantly
better when the target talker ID was correct vs. incorrect for each of the listening
conditions. These results are consistent with the monotic speech understanding
scores, which also showed that performance was poorest in the Familiar Masker

condition when the talker identification was incorrect.
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Figure 3.13. Speech understanding performance for the three listening conditions,
combined across the Monotic and Dichotic configurations. Performance was plotted as a
function of Talker Identification accuracy. The black dots represent individual subject
scores averaged across all trials.

Discussion
Talker Familiarity Benefit for Monotic Conditions

The goals of this study were to: 1) to determine if listeners experienced a
benefit in speech understanding in a complex auditory environment with one
competing talker when the target talker was familiar; 2) to determine whether
talker familiarity benefit was dependent on accurate identification of the familiarity
of the target talker; 3) to determine if these familiarity effects persisted when the
masker was familiar; and 4) to determine if these effects varied as a function of
listener age.

It was hypothesized that younger and older listeners would demonstrate
different patterns of speech understanding results with familiar vs unfamiliar

target talkers, as well as familiar vs. unfamiliar maskers. This hypothesis derives
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from the notion that older adults often have reduced cognitive resources that
support speech understanding (CHABA, 1988) and generally exhibit poorer
speech understanding in difficult listening environments than younger adults
(Dubno et al., 1984). As a result, it was expected that older listeners would rely
more heavily on any cue that promoted speech segregation, including talker
familiarity. If this hypothesis was correct, then ONH listeners would demonstrate
better speech understanding scores with a familiar talker (re: an unfamiliar talker)
and poorer speech understanding scores with a familiar masker (re: an unfamiliar
masker) than YNH listeners, due to their reduced ability to inhibit the irrelevant
signal with increasing age (Hasher & Zacks, 1988; Presacco et al., 2016b).
Results revealed that YNH and ONH listeners had comparable familiarity benefit,
such that performance on the Familiar Talker condition was better than on the
Familiar Masker and the Both Unfamiliar conditions. The Familiar Masker and
Both Unfamiliar conditions were not significantly different from one another for
either listener group.

There were, however, different patterns of results noted between the
listener groups when the talker identification accuracy was taken into account. In
the Familiar Masker condition, which was expected to be a more challenging
condition because it required listeners to inhibit the voice that was familiar, YNH
listeners had a larger decline in performance when the talker identification
accuracy was incorrect vs correct relative to the ONH listeners. This is in contrast
to the hypothesis that ONH listeners would experience a greater decline in

performance than the YNH listeners. One possible interpretation of this
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unexpected finding is that the YNH listeners’ overall performance was superior to
that of the ONH listeners, and therefore, the YNH listeners had more room for a
larger score decrement. As a result, there was a greater difference in
performance between the Familiar Target and Familiar Masker conditions for the
YNH listeners compared to the ONH listeners. Previous studies have shown
mixed evidence that a familiar masker is beneficial or harmful to speech
understanding. Johnsrude et al. (2013) found that older adults demonstrated a
familiarity benefit when the familiar voice was the masker vs. when both voices
were unfamiliar. However, in a more recent study by Domingo, Holmes, and
Johnsrude (2019), younger adults did not show this pattern of performance, and
demonstrated no difference in speech understanding when the familiar voice was
the masker vs. when both the target and masker were unfamiliar voices.

The error analysis conducted on data from the monotic conditions
provides additional evidence to support the theory that when the YNH listeners
accurately perceived the familiar voice, they could segregate it correctly as the
target or masker. Results showed that when the target talker identification was
correct, the proportion of masker errors did not differ across the Familiar Target
and Familiar Masker conditions (Figure 3.9). However, when the talker
identification score was incorrect, there was a significant increase in masker
errors when the familiar voice was the masker vs. target talker. Additionally, the
YNH listeners showed a greater increase in masker errors from the Familiar
Target to the Familiar Masker condition than the ONH listeners. The ONH

listeners had similar error patterns to the YNH listeners in the Familiar Target and
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Familiar Masker conditions, regardless of whether the talker identification was
correct or incorrect. This is inconsistent with the hypothesis that the ONH
listeners would be more negatively impacted than YNH listeners by a familiar
masker. Taken together, the familiar talker benefit for both YNH and ONH
listeners was strongly impacted by whether the listener was able to correctly
label the target talker as being familiar or unfamiliar. When listeners correctly
identified the target talker as the familiar voice, they showed a talker familiarity
benefit. However, when listeners incorrectly identified the target voice as being
familiar, they did not demonstrate a talker familiarity benefit. In this instance, it
was likely that listeners attended to the incorrect speech stream rather than not
recognizing the voice as being familiar, which contributed to their very poor
speech understanding performance. This is a different error as opposed to
incorrectly assigning an unfamiliar voice selection to a familiar voice, which would
suggest that the listener was unable to correctly recognize whether the voice was
familiar or unfamiliar.

Previous studies showed that talker identification did not necessarily
predict familiarity benefit. Yonan and Sommers (2000) trained younger and older
adults to identify several different talkers, and then measured their speech
intelligibility on each of those talkers. While the older adults performed more
poorly than the younger adults in identifying the trained “familiar” talker, both
groups received a significant intelligibility benefit when listening to the trained
talker compared to the untrained talker, and thus the identification ability did not

predict speech intelligibility performance. In the current study, participants were

92



personally familiar with the “familiar” talker, which has been shown to result in
better talker identification than when the familiar voice was trained (Fontaine et
al., 2017). Furthermore, the talker identification task implemented by Yonan and
Sommers (2000) required the listeners to recall the name of the target talker. The
task in the current study assessed whether listeners could identify whether the
target talker was familiar or unfamiliar. These differences in study design may

have contributed to different findings across the two studies.
Talker Familiarity Benefit for Dichotic Conditions

It was hypothesized that the dichotic conditions (Familiar Target, Familiar
Masker — TE, Familiar Masker — OE, and All Unfamiliar) would result in within-
and across-ear word confusions between the target and competing talkers, and
that these confusions would be modulated by the presence and location of a
familiar voice. When the familiar voice was the target talker, performance was
predicted to be better than in all other conditions. However, when a familiar
masker was present in either the target or opposite ear, speech understanding
performance was predicted to be significantly poorer than if all voices were
unfamiliar.

The results from this study confirmed the familiarity benefit of a target
talker for both YNH and ONH listeners when listening in a dichotic configuration
(Figure 3.11). However, the familiarity of the masker did not influence
performance. Previous studies on talker familiarity have only measured familiarity
benefit in monotic configurations or binaural configurations where the same

signals were presented to each ear (Domingo, Holmes, & Johnsrude, 2019;
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Holmes et al., 2018; Johnsrude et al., 2013; Souza et al., 2013). The current
study illustrates that in a cocktail-party like configuration simulated under
headphones (Brungart & Simpson, 2002), both YNH and ONH listeners exhibited
a talker familiarity benefit.

While the YNH and ONH listeners did not vary in their performance
patterns across the four dichotic listening conditions, there was a significant
difference in the type of errors they made across all of the conditions. Listeners
could exhibit two types of masker-related errors in the dichotic conditions:
Masker-Target Ear and Masker-Opposite ear. The Masker-Target ear confusion
was when the listener reported the word spoken by the masker in the target ear,
and the Masker-Opposite Ear confusion was when the listener reported the word
spoken by the masker in the non-target ear. Across all dichotic conditions and
regardless of talker familiarity of the target or competing talkers, the ONH
listeners had a greater proportion of Masker-Opposite Ear errors than the YNH
listeners. This finding is consistent with those reported in previous studies in
which ONH listeners had greater difficulty segregating competing streams of
speech (Helfer & Jesse, 2015; Jesse & Helfer, 2019), and were more likely to
attend to irrelevant signals than the YNH listeners.

The greater intrusion errors from the masker in the opposite ear observed
in the ONH listeners in the current study may be due to a reduction in inhibition
by older adults (Hasher & Zacks, 1988; Presacco et al., 2016a; Tun et al., 2002).
The ONH listeners may have had greater difficulty inhibiting the speech from the

irrelevant ear (Familiar Masker — OE). Although listeners’ performance on a test
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of inhibition (Flanker) did not significantly contribute to the models in this study,
ONH listeners’ poorer performance in the dichotic configuration relative to the
monotic configuration may be related to their reduced ability to inhibit irrelevant
stimuli. The Flanker assessment that was used to quantify inhibition is just one of
many inhibitory measures available, and the results of this specific measure may

not have fully captured listeners’ ability to inhibit irrelevant stimuli.
Talker Familiarity Benefit for Monotic vs. Dichotic Configurations

It was hypothesized that talker familiarity benefit would be negatively
impacted when listening in a dichotic vs. a monotic configuration. Based on
previous studies, it was expected that an increase in the number of competing
talkers would result in poorer speech understanding (Brungart, 2001b; Brungart
& Simpson, 2002). The results from this study showed that overall performance
on conditions in the dichotic configuration was significantly poorer than in the
monotic configuration (Figure 3.12). Both YNH and ONH listeners exhibited this
decline in performance across all test conditions. The decline in speech
understanding performance in the dichotic vs. monotic conditions is consistent
with findings from Brungart and Simpson (2002), who demonstrated that younger
normal-hearing listeners exhibit a decline in speech understanding when a
speech masker in the non-test ear was present versus when the masker was
only present in the test ear. The present study confirms that the decline in
speech understanding in the dichotic compared to monotic configurations is

observed for both younger and older adults.
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A benefit of a familiar talker on speech understanding was expected for
both the monotic and dichotic configurations. The results for this study suggest
that while the talker familiarity benefit is present for both configurations, certain
familiarity conditions resulted in a greater change in performance for YNH and/or
ONH listeners. The ONH listeners exhibited a greater decline in performance
from monotic to dichotic configurations when listening in the Familiar Masker
condition than the YNH listeners. Across all other conditions, the YNH and ONH
listeners exhibited a similar change in performance from the monotic to dichotic
configuration. This finding is consistent with the hypothesis that the masker in the
non-test ear (present only in the dichotic configuration) would capture the
listener’s attention when that masker contained the familiar voice (Conway et al.,
2001; Moray, 1959). Additionally, the differences in performance decrement
across the listener groups with the dichotic configuration relative to the monotic
configuration suggest that the ONH listeners were affected more than the YNH

listeners with the addition of a second competing voice.

Conclusions

This study examined whether the presence of a familiar voice serving as
either the target talker or as a masker would affect speech segregation in a
simulated cocktail party listening task. It was hypothesized that speech
understanding performance would improve when the familiar voice was the target
and that a familiar masker would draw attention away from an unfamiliar target
voice, resulting in a familiar talker “penalty” to speech understanding. It was also

hypothesized that older listeners would benefit more from a familiar target voice
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and would experience a greater detrimental effect from a familiar masking voice,
compared to younger adults. For the monotic conditions, the familiar talker
benefit for both YNH and ONH listeners was affected by the listener’s accuracy in
judging the target talker as familiar or unfamiliar. When the talker identification
performance was accurate, the difference between YNH and ONH listeners was
consistent across all listening conditions. However, when the talker identification
performance was inaccurate, the YNH listeners showed a greater decline in
performance from the Familiar Target to the Familiar Masker than the ONH
listeners. It also was hypothesized that when the stimuli were presented
dichotically, there would be an increase in within-ear and across-ear word
confusions between the target and competing talkers, especially when the
masker was a familiar voice. The results showed that performance was
significantly poorer in the dichotic vs. monotic configurations for both the YNH
and ONH listeners. However, when listening in the dichotic configuration, both
the YNH and ONH listeners had better speech understanding performance when
the familiar voice was the target talker relative to all other dichotic conditions.
Target talker identification did not differentially impact speech understanding on
the dichotic conditions. Additionally, speech understanding scores did not differ
when the familiar masker was in the target ear or was in the opposite ear. An
analysis of the masker errors revealed that the ONH listeners had a greater
proportion of across-ear confusions than the YNH listeners. This may be due to

the ONH listeners’ increased difficulty in inhibiting irrelevant speech signals.
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Study 3: Effect of Talker Familiarity on Working Memory

Capacity in a Competing Talker Task

Introduction

In complex auditory environments, speech understanding is affected by
both auditory and cognitive factors (Arlinger et al., 2009; Humes et al., 2012).
Stimulus factors such as the talker’s gender, background noise level, and
familiarity, contribute to a listener’s ability to segregate target speech from
background noise (Best et al., 2018; Brungart, 2001b; Darwin et al., 2003;
Domingo, Holmes, Macpherson, et al., 2019; Kidd et al., 2005). These auditory
factors contributing to speech understanding segregation can vary with respect to
the bottom-up information available, as well as the top-down linguistic content. In
particular, listeners rely on top-down processing to enhance speech
understanding when the bottom-up message is degraded. Top-down processing
can be impacted by cognition, which puts older adults at a disadvantage for
understanding speech in a complex auditory environment.

Older adults require a higher SNR for maintaining speech understanding
in noise compared to younger adults (Dubno et al., 1984; Helfer & Freyman,
2008). Dubno et al. (2002) measured the effect of masker noise modulation on
speech understanding for younger and older adults. The results showed that
while older adults had poorer performance in steady-state noise compared to
younger adults, the older adults had a greater predicted benefit from listening in

the presence of a modulated noise masker relative to steady-state noise.
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However, the observed data showed the opposite, where younger adults had a
greater benefit from listening in the presence of a modulated vs. steady-state
noise masker. It was suggested that the difference between the predicted and
observed data was due to age-related changes in threshold in steady-state
noise. The use of speech as a competing signal has also revealed significant
performance differences between younger and older adults. Helfer and Freyman
(2008) evaluated the effect of speech understanding in the presence of two
competing talkers where the competing talkers were either the same or the
opposite sex from the target talker. For both younger and older adults, speech
understanding in the presence of a same-sex masker resulted in poorer
performance compared to maskers that were the opposite sex from the target
talker. Interestingly, older adults were less able to ignore the competing speech
when the maskers were of the younger adults.

The familiarity of a talker or masker voice can also improve a listener’s
speech understanding performance in noise. A benefit of 10-15% in speech
intelligibility in noise was observed when listeners attended to a familiar talker in
the presence of background noise (Johnsrude et al., 2013; Souza et al., 2013).
Souza et al. (2013) recorded familiar participant pairs (spouses and friends)
saying sentences from the Institute of Electrical and Electronics Engineers
(IEEE) sentence corpus (IEEE, 1969). Speech intelligibility was measured in
quiet and at two signal-to-noise ratios (SNR; +2 and +6 dB SNR) in the presence

of competing six-talker babble or speech-shaped noise. Listeners showed a
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significant benefit of familiarity across all listening conditions and no differences
across noise conditions.

Older adults appear to benefit from talker familiarity. Johnsrude et al.
(2013) measured the impact of talker familiarity on a speech segregation task
with one competing talker for older normal-hearing adults. Results showed a
familiarity benefit, where intelligibility was best when the target was a familiar
talker compared to when both the target and masker were unfamiliar.
Additionally, listeners also exhibited a familiarity benefit, although smaller and
only at the most adverse target-to-masker ratios (TMRs), when the target talker
was unfamiliar and the masker was familiar. This suggests that listeners were
able to use familiarity as a cue for segregation, even when the familiar talker was
not the intended target. This finding is unique in the literature, and has not been
replicated in subsequent studies (Domingo, Holmes, & Johnsrude, 2019).

There is an abundance of evidence to support the hypothesis that
cognitive factors, particularly working memory and inhibitory control, have a
strong influence on speech understanding in a noisy environment (Akeroyd,
2008; Ronnberg et al., 2008; Zekveld et al., 2013). Working memory is a limited
capacity system that allows for the storage and manipulation of information in
short term memory (Baddeley, 2000; Baddeley & Hitch, 1974). The Ease of
Language Understanding (ELU) model suggests that when bottom-up constraints
such as signal degradation, or the top-down process of reduced working memory
capacity are present, speech recognition performance may be reduced (Rudner

& Ronnberg, 2008).
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Inhibitory control, which is the ability to suppress competing irrelevant
signals while selectively attending to a target signal, has been shown to decline
with age (Hasher & Zacks, 1988). Reduced inhibition can result in increased
intrusion errors from competing signals and can result in reduced speech
understanding in noise (Presacco et al., 2016a; Tun et al., 2009; Tun et al.,
2002). Processing speed, which refers to the speed at which an individual can
perform a particular task, has also been shown to decline with age (Salthouse,
1996). Processing speed and inhibition can be assessed with the Flanker Task
(Eriksen & Eriksen, 1974). This test assesses accuracy and response time on a
non-verbal task that requires the participant to select the orientation of an arrow
(left vs. right) that is surrounded by arrows that are either facing the same
direction (congruent) or opposite directions (incongruent) from the target arrow.

Working memory capacity can be quantified through several different
types of methods, including the complex span and n-back paradigms (Conway et
al., 2005). The R-SPAN test (Daneman & Carpenter, 1980) requires individuals
to read a set of sentences and make a semantic judgement (was the statement
true vs. false) about each sentence. At the end of a series of sentences, they are
prompted to recall the final word from a set of the previous sentences. This test
was adapted to create the L-SPAN, which conducts the span test in an auditory
modality (Pichora-Fuller et al., 1995). Both the R-SPAN and L-SPAN measures
have been correlated with listeners’ ability to understand speech in noise, where
higher span scores were associated with better speech understanding

performance (Gordon-Salant & Cole, 2016; Schurman et al., 2014).
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The n-back test is another paradigm for measuring working memory
capacity. A series of stimuli are presented to the listener, who is asked to recall
the item presented a certain number of trials previously (n-back), while
concurrently attending to new stimuli presented. Kidd and Humes (2015) used a
modified version of the n-back paradigm to measure spatial recall performance
by younger and older adults. Word items were presented to different spatial
locations and the listener had to identify when a word presentation was repeated
at the same spatial location. The number of trials between repeated
presentations to that spatial location (n-back) was varied. One of the results from
this study was that the decline in recall performance was consistent for younger
and older adults, suggesting that younger and older adults were not differentially
impacted by the increasing memory load on the n-back test. However, Schurman
et al. (2014) used a different modified version of the n-back procedure and found
a significant effect of age on recalling sentences in a 1-back paradigm.
Performance on the 1-back test was measured for high- and anomalous-
probability sentences, presented in either speech-shaped noise or competing
speech maskers. Speech intelligibility was equated to 80% performance using an
adaptive tracking procedure where the competing signal was adjusted based on
the number of incorrect responses on an immediate recall task, and recall
accuracy on the 1-back paradigm was tested at those noise levels. The results
showed that older adults had greater difficulty on the 1-back test than the
younger adults, and that the younger adults derived a greater benefit from

semantic context of the sentences than the older listeners on the 1-back test.
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The authors concluded that the effect of age may be due to reduced working
memory capacity for the older adults on this complex speech understanding task,
particularly because performance on the 1-back test was highly correlated with
performance on the LSPAN. Thus, the method used by Schurman et al. (2014)
was a sensitive measure of working memory capacity and was able to
differentiate performance between younger and older adults.

In addition to providing a speech intelligibility benefit, listening to a familiar
voice may reduce the use of limited cognitive resources. The cognitive benefit
could potentially result in higher working memory capacity when the target talker
is a familiar vs. unfamiliar voice. Ingvalson and Stoimenoff (2015) assessed
working memory ability of young adults on a visual digit recall task while
participants concurrently repeated back sentences (primary task). Results
showed that participants exhibited a familiarity benefit when the cognitive load
was increased (i.e., in the conditions where they concurrently completed the
speech recognition test and the number recall test). Familiarity benefit was not
significant in the conditions where the listeners only completed the speech
recognition test. This finding suggests that when the target talker was a familiar
voice, there was a reduction in use of cognitive resources by younger adults,
which resulted in more available resources for completing the digit recall task.
Older adults were not tested on this paradigm, and thus, the impact of talker

familiarity on working memory ability for older listeners is not yet known.
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Research Questions and Hypotheses

The objective of this study was to measure the extent to which a familiar
voice reduces the demand on available cognitive resources as measured by a
test of working memory. Adults with a larger working memory capacity have
better speech understanding in noise compared to their age-matched peers with
lower WM capacity (Gordon-Salant & Cole, 2016). The working hypothesis is that
listeners will perform better on a 1-back test (e.g., high memory load) when the
target talker is a familiar voice than when the target talker is an unfamiliar voice,
reflecting reduced demand on cognitive resources with the familiar voice.
Performance on the 1-back task was expected to correlate with performance on
a standard test of WM, the LSPAN (Schurman et al., 2014). It was expected that
older adults would perform more poorly on the 1-back test than younger adults,
but would show a larger benefit when the target talker was a familiar voice. This
finding would be important because it would establish a connection between

familiarity benefit and cognitive resource allocation.

Method
Participants

The same participants from Study 2 were recruited for Study 3. Pairs of
normal-hearing adults aged 18-80 years old who were highly familiar with each
other were recruited. A total of 15 younger normal-hearing adults (YNH; x =32.7

yrs + 3.8), and 15 older normal-hearing adults (ONH; x = 62.9 yrs £ 4.4)
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completed this study. Participants were native speakers of English and passed a

screening test for mild cognitive impairment (MoCA).
Stimuli

The same stimuli recorded in Study 2 were used also in Study 3. Refer to
Study 2 for a detailed description of the stimuli parameters. The target stimuli
were defined by the name category in each sentence. In this study, the
participants were instructed to listen for the sentence with “Mike” as the name.

Target sentences from Study 2 were not repeated in the current study.
Procedures

Data collection was completed over two sessions. In the first session,
informed consent was obtained, followed by the hearing and cognitive screening
to verify if the participant met the inclusion criteria.

Cognitive Measures. Participants completed several cognitive
measurements in the domains of WM, selective attention and inhibition, and
speed of processing. All subtests , with the exception of the LSPAN, were
measured using the tablet-based NIH Toolbox (Gershon et al., 2013). The raw
scores and response times from these measures were included in the planned
analyses (see Data Analysis section).

Working memory capacity was measured using the LSPAN test
(Daneman & Carpenter, 1980). As previously described in Studies 1 and 2,
participants listened to sets of two to seven sentences and completed a semantic

question at the end of each sentence. Following a set of n sentences, the listener
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was asked to recall the final word of each sentence in the order in which it was
presented. Selective attention and inhibition were measured using the Flanker
test (as described in Study 2) (Eriksen & Eriksen, 1974).

Speed of processing was measured using the Flanker test and the Pattern
Comparison Processing Speed test (PCPS; Carlozzi et al., 2015). For the PCPS
test, participants indicated if two pictures were identical (“yes” response) or
different (“no” response). The accuracy score reflected the total number of
correct responses achieved in 90 seconds.

Tracking to 80% Speech Understanding. Speech intelligibility
performance of each listener was equated at a level of 80% correct, in order to
minimize differences in intelligibility as a confound. Each participant completed
an adaptive tracking procedure to measure their speech recognition threshold
(SRT) for 80% speech understanding accuracy (SRTso) on an immediate
sentence recall task. The target sentence was fixed at 65 dB SPL and the
masker was adjusted adaptively in level across 20 trials. The masker was
reduced by 8 dB times the proportion of correctly recalled words in the sentence,
and then increased by 2 dB times the proportion of incorrectly recalled words in
the sentence. This paradigm converged at an SNR that reflected 80% accuracy,
and was repeated twice for each listening condition (Schurman et al., 2014). In
this study, the familiar voice served as the target talker in the presence of speech
shaped noise (FAM + SSN condition) or a competing unfamiliar talker (FAM +
UNF condition). The familiar voice also served as the masker in the presence of

an unfamiliar target talker (UNF + FAM condition). Baseline conditions with an
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unfamiliar target talker and SSN masker (UNF + SSN), and unfamiliar target and
unfamiliar masker (UNF + UNF) were also tested. The target and masker were
presented to the same ear for all conditions.

The 1-Back Memory Recall Task. The 1-back trials required the
participant to listen to a sentence and hold it in memory, listen to a second
sentence, and then recall the first sentence presented. The 1-back trials were
tested at each individual listener’'s sequence of SNRs that produced a mean
score of 80% speech intelligibility (SNRso). Two blocks of 1-back trials were
administered for each of the five conditions described above (FAM + SSN, UNF
+ SSN, FAM + UNF, UNF + FAM, UNF + UNF). In each block, 10 trials of
immediate recall trials (0-back) were completed. The participant was then
instructed that the next series of trials (n = 11) would be 1-back trials. Speech

recognition testing was completed in approximately one hour.

Data Analysis

The SRTso and the 1-back recall scores from each participant were
analyzed separately using GLME models. As described in the previous chapters,
the buildmer package (Voeten, 2020) was used to determine the final maximal
model. Each model input included the fixed effects and interactions of listening
condition and listener group (YNH vs. ONH), as well as predictors that included
the Flanker, LSPAN, PCPS, years of familiarity, and the maximal number of
random effects possible (Hox et al., 2017). All continuous factors (LSPAN,
Flanker, PCPS, years of familiarity) were grand-mean centered. The main effect

of interest was talker familiarity, and findings were expected to indicate whether
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performance on a test of WM capacity was modulated by the presence of a FV

as either a target talker or a masker.

Results
Speech Recognition Thresholds in the 0-Back Task

The sound level of the competing signal (SSN or speech) was adjusted
adaptively to determine the speech recognition thresholds for 80% intelligibility
(SRTso0). Both the YNH and ONH listeners had SRTs that ranged from -5 to -7 dB
SNR. A LME model was run to analyze the SRTso scores (dependent variable)
using the buildmer package (Voeten, 2020), with factors of age group, listening
condition ( Familiar Target + SSN, Unfamiliar Target + SSN, Familiar Target (1T),
Familiar Masker (1T), and Both Unfamiliar (1T), and cognitive scores from the
Flanker, PCPS, and LSPAN tests. Maximal random slope and intercept values
were entered into the random effects structure. The results from the final model

are shown in Table 4.1.
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Table 4.1

LME Model for SRT80.
Fixed Effects Estimate SE T P
(Intercept) -5.617 0.942 -5966 <0.001 ***
Condition: Unfamiliar Target - SSN (ref)
Familiar Target (SSN) -0.355 0.858 -0414 0.679
Familiar Target (1T) 4153 0.858 4.842 <0.001 ***
Familiar Masker (1T) 7.556 0.858 8.809 <0.001 ***
Both Unfamiliar (1T) 8.113 0.858 9.459 <0.001 ***
Age Group: YNH (ref)
ONH 0.767 1.196 0.641 0.522
LSPAN (standardized) -0.186 0.746 -0.250 0.803
Flanker (standardized) -0.263 0.817 -0.322 0.748
Interactions
Familiar Target (SSN) x LSPAN -0.082 0.914 -0.089 0.929
Familiar Target (1T) x LSPAN -2.306 0914 -2524 0.012 *
Familiar Masker (1T) x LSPAN -1.753 0914 -1.918 0.055
Both Unfamiliar (1T) x LSPAN -0.314 0914 -0.344 0.731
Familiar Target (SSN) x Flanker 0.327 0914 0.358 0.721
Familiar Target (1T) x Flanker -2.066 0.914 -2.261 0.024 *
Familiar Masker (1T) x Flanker -1.069 0914 -1.170 0.242
Both Unfamiliar (1T) x Flanker -1.699 0914 -1.859 0.063
Random Effects Variance SD
Subject Intercept 3.028 1.74

**%<0.001. **p<0.01. *p<0.05.

The primary goal of this analysis was to determine if listeners exhibited a
talker familiarity benefit when speech intelligibility was fixed at a high level. There
was a significant main effect of Talker Condition and significant two-way
interactions of Condition x LSPAN and Condition x Flanker. Neither interaction
included age group, and therefore data were collapsed across both YNH and
ONH listener groups. The results from each listening condition are plotted as a
function of LSPAN score in Figure 4.1. The left panel of the figure includes data
from the two conditions with SSN maskers, and the right panel is a plot of the
three competing speech conditions. The SRTso scores for the SSN conditions did

not vary as a function of target talker familiarity or increasing LSPAN score
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(p>0.05). The competing speech conditions, however, elicited a different
performance pattern. Higher LSPAN scores resulted in lower (better) SRTso
thresholds for the Familiar Target (8 = -2.492, SE = 0.746, t = -3.34, p<0.01) and
Familiar Masker (5 =-1.939, SE = 0.746, t = -2.598, p<0.05) conditions.
Performance on the Both Unfamiliar condition did not vary as a function of
LSPAN. The improvement in score shown in the Familiar Talker condition was
not significantly different than the Familiar Masker condition (f = .553, SE =
0.914, t = 0.605, p=0.546). Thus, performance on both the Familiar Talker and

Familiar Masker conditions improved with increasing LSPAN score.

Speech-Shaped Noise Competing Talker
15 15
101 10
5 5

.
10 10
154 -159| = Familiar Target
== FAM-SSN Familiar Masker
20 UNF-SSN 2201 Both Unfamiliar
2 3 4 5 6 2 3 4 5 6
LSPAN LSPAN

Figure 4.1. Scatterplot of SRTgo thresholds as a function of LSPAN score. SRTgo above 0
dB: target talker level > competing signal level; SRTgo thresholds below 0 dB: target
talker level < competing signal level. Left panel: competing signal was SSN. Right panel:
competing signal was 1 talker. Shaded area represents 95% confidence intervals.

The measure of inhibitory control was also found to be a significant
predictor of SRTso performance across the listening conditions. The interaction of
Condition x Flanker is shown in Figure 4.2. The results from each condition are
plotted as a function of the Flanker score (not corrected for participant age) from
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the NIH toolbox. Data were collapsed across the two listener groups. As
described above, the left panel of the figure includes data from the two SSN
conditions and the right panel includes data from the three conditions with a
single competing talker. Performance in the SSN conditions did not vary as a
function of Flanker score. However, as was the case with the LSPAN score,
performance in certain conditions with a single competing talker did improve with
increasing Flanker score. Both the Familiar Target (8 =-2.329, SE =0.817,t = -
2.850, p<0.01) and Both Unfamiliar (8 =-1.962, SE = 0.817, t = -2.400, p<0.05)
conditions exhibited improved SRTso thresholds with higher Flanker scores.
Performance improvements were not significantly different between the Familiar
Target and Both Unfamiliar conditions (p>0.05). However, in both conditions,
listeners showed significantly greater improvement in SRTso thresholds than in
the two SSN conditions (p<0.05). Performance in the Familiar Masker condition
did not vary significantly as a function of Flanker score (p>0.05), although there is
a strong similarity in slope of the regression line between this condition and the
Both Unfamiliar condition. These results suggest that individuals with higher
(better) scores on the cognitive measures have better performance on certain
competing speech conditions in an immediate recall task, whereas performance

on the SSN conditions did not differ significantly with higher cognitive scores.
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Figure 4.2. Scatterplot of SRTgo thresholds as a function of Flanker score (uncorrected
for age). SRTgo above 0 dB: target talker level > competing signal level; SRTg below 0
dB: target talker level < competing signal level. Left panel: competing signal was SSN.
Right panel: competing signal was 1 talker. Shaded area represents 95% confidence

intervals.

Proportion Correct Word Recall in the 1-Back Task

A GLME model was conducted to analyze performance on the 1-back test.

The model included factors of age group, listening condition, SNR, cognitive

scores from the Flanker, PCPS, and LSPAN tests, as well as maximal random

slope and intercept values in the random effects structure. The results from the

final GLME model are shown in Table 4.2.
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Table 4.2

GLME Model for 1-back score.

Fixed Effects Estimate SE Y4 P
(Intercept) -0.069 0.135 -0.512 0.609
Condition: Unfamiliar Target - SSN (ref)

Familiar Target (SSN) 0.382 0.159 2.398 0.016

Familiar Target (1T) -0.429 0.122 -3.504 <0.001

Familiar Masker (1T) -0.541 0.132 -4.080 <0.001

Both Unfamiliar (1T) -0.513 0.127 -4.055 <0.001
Age Group: YNH (ref)

ONH 0.467 0.216 2.167 0.030
Flanker (Standardized) 0.289 0.095 3.031 0.002
LSPAN (standardized) 0.479 0.125 3.838 <0.001
SNR (standardized) 1130 0.181 6.225 <0.001

Interactions

Familiar Target (SSN) x ONH -0.375 0.233 -1.609 0.108
Familiar Target (1T) x ONH -0.693 0.193 -3.580 <0.001
Familiar Masker (1T) x ONH -1.054 0.229 -4.595 <0.001
Both Unfamiliar (1T) x ONH -1.185 0.227 -5.216 <0.001
Familiar Target (SSN) x Flanker -0.274 0.084 -3.267 0.001
Familiar Target (1T) x Flanker -0.273 0.086 -3.184 0.001
Familiar Masker (1T) x Flanker -0.137 0.085 -1.621 0.105
Both Unfamiliar (1T) x Flanker -0.084 0.086 -0.975 0.330
Familiar Target (SSN) x LSPAN 0.084 0.146 0.572 0.567
Familiar Target (1T) x LSPAN -0.388 0.134 -2.883 0.004
Familiar Masker (1T) x LSPAN -0.409 0.126 -3.244 0.001
Both Unfamiliar (1T) x LSPAN -0.267 0.116 -2.308 0.021
Familiar Target (SSN) x SNR 0.308 0.275 1.118 0.263
Familiar Target (1T) x SNR -1.048 0.189 -5.552 <0.001
Familiar Masker (1T) x SNR -1.016 0.197 -5.163 <0.001
Both Unfamiliar (1T) x SNR -0.948 0.195 -4.875 <0.001
ONH x SNR 0.820 0.279 2.939 0.003
ONH x LSPAN -0.290 0.179 -1.624 0.104
LSPAN x SNR 0.631 0.176 3.593 <0.001
Familiar Target (SSN) x ONH x LSPAN 0.465 0.164 2.841 0.004
Familiar Target (1T) x ONH x LSPAN 0.516 0.186 2.769 0.006
Familiar Masker (1T) x ONH x LSPAN 0.777 0.176 4.408 <0.001
Both Unfamiliar (1T) x ONH x LSPAN 0486 0.165 2.943 0.003
Familiar Target (SSN) x ONH x SNR -0.530 0415 -1.278 0.201
Familiar Target (1T) x ONH x SNR -0.744 0.294 -2532 0.011
Familiar Masker (1T) x ONH x SNR -0.055 0.318 -0.172 0.863
Both Unfamiliar (1T) x ONH x SNR -0.063 0.318 -0.199 0.842
Familiar Target (SSN) x LSPAN x SNR -0.079 0.244 -0.325 0.745
Familiar Target (1T) x LSPAN x SNR -0.796 0.185 -4.292 <0.001
Familiar Masker (1T) x LSPAN x SNR -0.894 0.189 -4.742 <0.001
Both Unfamiliar (1T) x LSPAN x SNR -0.752 0.183 -4.112 <0.001
Random Effects Variance SD

Subject Intercept 0.084 0.290

**%p<0.001. *p<0.01. *p<0.05.

*%

*%
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The results of the GLME analysis indicate that most main effects and
interactions were significant. Of primary interest is the effect of condition on the
listeners’ 1-back score and how that varied with age. While the main effects of
condition and age were significant, there were significant two-way interactions
involving all main effects, as well as three-way interactions of Condition x Age x
LSPAN, Condition x Age x SNR, and Condition x LSPAN x SNR.

Performance on the 1-back task, which was calculated as the proportion
of words in a sentence that were recalled correctly, was found to vary by
listeners’ performance on the Flanker test. The interaction of Condition x Flanker
is plotted in Figure 4.3, such that 1-back performance is plotted as a function of
Flanker score for the SSN conditions (left panel) and the competing speech
conditions (right panel). Performance on the 1-back improved with increasing
Flanker score in the Unfamiliar Talker + SSN (p<0.01) and the Both Unfamiliar
conditions (f = 0.205, SE = 0.097, Z = 2.124, p<0.05). Notably, these were the
two conditions that did not include a familiar voice. The amount of improvement
in 1-back performance with increasing Flanker score did not vary between the

Unfamiliar Talker + SSN and the Both Unfamiliar conditions (p=0.330).
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Figure 4.3. Scatterplot of 1-back proportion correct scores plotted as a function of
Flanker score (uncorrected for age). Left panel: competing signal was SSN. Right panel:
competing signal was 1 talker.

Fitted lines for 1-back scores in each listening condition were plotted as a
function of LSPAN score for the SSN and 1T competing talker maskers, and
separately for the YNH and ONH listeners (Figure 4.4). The YNH listeners
showed an increase in 1-back score with increased LSPAN score for only the
Familiar Talker + SSN (p<0.001) and Unfamiliar Talker + SSN conditions
(p<0.001). However, in the competing speech conditions, the YNH listeners did
not show an effect of LSPAN on n-back performance. Performance in the two
SSN conditions did not differ significantly from each other (p>0.05), nor did they
differ in the competing talker conditions (p>0.05). The ONH listeners showed a
slightly different pattern of performance. Higher LSPAN scores resulted in higher
n-back scores in all but the Unfamiliar Talker + SSN condition. Performance on
the Familiar Talker + SSN condition significantly improved with higher LSPAN
score (p<0.001), and the listeners exhibited a greater improvement in

performance in the Familiar Talker + SSN condition than the competing speech
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conditions of Familiar Target (p<0.01) and Both Unfamiliar (p<0.05). The impact
of higher LSPAN score on n-back performance was relatively similar across for
both the YNH and ONH listeners. However, in the Familiar Masker condition, the
ONH listeners had a greater improvement in n-back score with increasing

LSPAN score than the YNH listeners (§ = -0.437, SE = 0.176, Z = -2.487,

p<0.05).
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Figure 4.4. Scatterplot of 1-back proportion correct scores plotted as a function of
LSPAN score, for YNH and ONH listeners. Left panel: SSN conditions. Right panel:
competing talker conditions.

The interaction of listening condition and age also varied as a function of
the SNR at which each 1-back trial was administered. The three-way interaction
of Condition x Age x SNR is plotted in Figure 4.5. Fitted lines for 1-back scores in
each listening condition were plotted as a function of SNR separately for the SSN
masker (two left panels) and 1T competing talker maskers (two right panels), and
separately for the YNH and ONH listeners (left and right panels for each masker

type). Additionally, individual trial data points were plotted for each participant.
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The figures should be interpreted with caution, as curves were drawn from the
predicted model. There are regions within the figure, particularly for the ONH
listeners, where no actual data were measured, however the regression curve
shows a predicted value in that region.

There were significant differences within and across listener groups with
changes in SNR for each of the conditions. The YNH listeners exhibited an
improvement in 1-back score with higher SNRs in the Familiar Talker + SSN
condition (p<0.001), Unfamiliar Talker + SSN condition (p<0.01), and the Both
Unfamiliar condition(p<0.05). The YNH listeners exhibited a greater increase in
performance with increasing SNR in the two SSN conditions than in the
competing talker conditions (p<0.001). There was no significant difference in 1-
back score across the two SSN conditions, nor across the competing talker
conditions (p>0.05). The ONH listeners demonstrated a significant improvement
in performance with increasing SNR for all conditions. The benefit of increasing
SNR was greater in the three competing talker conditions than the Familiar and
Unfamiliar Talker + SSN conditions. Furthermore, within the competing talker
conditions, the ONH listeners had less of an SNR benefit in the Familiar Talker
condition than the Familiar Masker (g = 0.692, SE = 0.141, Z = 4.922, p<0.001)
and Both Unfamiliar (8 = 0.731, SE = 0.141, Z =4.971, p<0.001) conditions.
Comparing across listener groups, the ONH listeners exhibited a higher 1-back
score with increasing SNR than the YNH listeners in three conditions: Unfamiliar
Talker + SSN (p<0.01), Familiar Masker (p<0.001), and Both Unfamiliar

(p<0.001) conditions. These results suggest that in all conditions that featured an
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unfamiliar target, ONH listeners exhibited a greater SNR benefit than YNH

listeners on 1-back performance.
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Figure 4.5. Scatterplot of 1-back proportion correct scores plotted as a function of SNR,
for YNH and ONH listeners. Left panel: SSN conditions. Right panel: Competing talker
conditions.

In addition to listener age group, the interaction of listening condition and
SNR also varied as a function of working memory capacity. As shown in Figure
4.6, the 1-back performance in each listening condition was plotted as a function
of SNR (data collapsed across listener groups). To depict the influence of LSPAN
performance, the LSPAN scores were divided into values above the median
(High LSPAN > 4) and at or below the median (Low LSPAN < 4) score. Similar to
Figure 4.5, the individual trial data for each participant were plotted to
differentiate actual performance on the task with predicted performance (curve)

from the GLME model.
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There were significant differences in 1-back score with varying SNR and
LSPAN score in each condition. The 1-back performance improved with
increasing SNR and increasing LSPAN in the Familiar + SSN (p<0.001) and the
Unfamiliar + SSN conditions (p<0.001). However, a different pattern of
performance emerged when the competing signal was a single talker.
Performance in the Familiar Target condition decreased with increasing SNR for
listeners with higher LSPAN scores, and remained relatively stable across SNR
for individuals with lower LSPAN scores (f =-0.140, SE = 0.055, Z = -2.521,
p<0.05). The 1-back scores increased in the highest SNRs for individuals with
lower LSPAN scores for the Familiar Masker (g = -0.223, SE = 0.059, Z = -3.751,
p<0.001) and Both Unfamiliar conditions (8 =-0.102, SE = 0.046, Z = -2.239,
p<0.05). When comparing across the listening conditions, the Familiar + SSN
and Unfamiliar + SSN conditions elicited a greater improvement in performance
with higher SNRs and higher LSPAN scores than the competing talker conditions
(p <0.001). The SSN conditions were not significantly different from each other,
and the competing talker conditions were not significantly different from each
other. Taken together, when listening in the SSN conditions, individuals with
higher LSPAN scores were better able to take advantage of the more favorable

SNRs than in the competing speech conditions.
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Figure 4.6. Scatterplot of 1-back proportion correct scores plotted as a function of SNR,
for High (> 4) and Low (< 4) LSPAN scores. Left panel: SSN conditions. Right panel:
competing talker conditions.
Discussion

The aim of this study was to measure the extent to which a familiar voice
reduced the demand on available cognitive resources as measured by a test of
working memory. Prior to measuring listener performance on the 1-back task
(which was designed to test working memory), speech intelligibility performance
was tracked to 80% correct on a 0-back task. The 1-back trials were then
administered at SNRs used to maintain 80% speech understanding accuracy
(SRTs0). The SRTso was measured when the target talker was familiar or
unfamiliar in the presence of a masker that was either a speech shaped noise
(SSN) or a single competing talker (speech). The findings on the 0-back task
generally showed a significant talker familiarity benefit when the competing signal
was speech, but not when the competing signal was speech- shaped noise.

Performance on the 1-back task was influenced by listener age and cognitive
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function. ONH listeners with higher LSPAN scores exhibited a familiarity benefit
on the 1-back test, such that scores increased with increasing LSPAN score on
the Familiar Talker + SSN condition but not in the Unfamiliar Talker + SSN

condition.
Performance on the SRTso Tracking Procedure

Cognitive Variables. The results on the 0-back task showed that greater
available cognitive resources, particularly working memory capacity and
inhibition, correlated with better SRTs when listening in a competing talker
condition. There were no significant interactions of Flanker or LSPAN score in
the SSN conditions, suggesting that performance in the SSN conditions did not
vary as a function of cognitive scores. Furthermore, when taking listeners’
cognitive scores into account, there was no difference in performance across the
Familiar + SSN and Unfamiliar + SSN. In other words, when cognitive
performance was assessed, individuals did not show a talker familiarity benefit
when listening in the presence of a SSN. Souza et al. (2013) measured talker
demonstrated that older hearing-impaired adults exhibit a familiarity benefit at +2
and +6 dB SNR. The listeners in that study may have exhibited a familiarity
benefit because of their limited audibility associated with hearing loss.
Participants in the current study, who had normal audiometric hearing thresholds,
had SRTso thresholds of -5 to -7 dB SNR, which are significantly lower (better)
SNRs than the test SNRs presented in the Souza et al. (2013) study.
Furthermore, when cognitive abilities were taken into account in the current

study, listeners did not exhibit a benefit of talker familiarity for SSN. Previous
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studies on talker familiarity benefit have not included cognitive function as a test
measure (Domingo, Holmes, & Johnsrude, 2019; Johnsrude et al., 2013; Souza
et al., 2013).

In the competing speech conditions, performance on the Familiar Talker
condition improved with higher LSPAN scores, as well as with higher Flanker
scores. Similarly, improvement was observed in the Familiar Masker condition
with increasing LSPAN score, and in the Both Unfamiliar condition with
increasing Flanker score. These findings suggest listeners rely more on cognitive
resources in competing speech conditions vs. when listening to speech in a
steady-state noise masker. Zekveld et al. (2013) measured speech
understanding performance for younger normal-hearing adults when speech
intelligibility was adaptively tracked to 29% and 71% accuracy. The target speech
was presented in the presence of a single competing talker, steady state noise,
and fluctuating noise. They found that working memory capacity as measured
through the RSPAN test (Daneman & Carpenter, 1980) was greatest for the
competing speech masker at both intelligibility performance levels than for the
noise maskers. This is in agreement with previous studies that evaluated the
influence of working memory capacity on speech intelligibility in noise, and found
that working memory was significantly correlated with performance when the
masker was a competing talker. (Ronnberg et al., 2010; Rudner et al., 2012).

Performance in the Familiar Talker condition improved significantly for
individuals with higher LSPAN and Flanker scores. This was observed for both

younger and older listeners. Additionally, performance on the Familiar Masker
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condition improved with increasing LSPAN score, and performance on the Both
Unfamiliar condition improved with increasing Flanker score. However, neither
improvement in the Familiar Masker and Both Unfamiliar conditions significantly
differed from that shown in the Familiar Target condition. Thus, it appears that
individuals with higher working memory capacity or greater inhibitory processing
were better able to take advantage of the target talker familiarity benefit than
individuals with poorer cognitive processing. This is a novel finding, as previous
studies that have assessed the benefit of listening to a familiar voice on speech
segregation did not evaluate whether the magnitude of benefit was influenced by
listeners’ cognitive capacity (Domingo, Holmes, & Johnsrude, 2019; Domingo,
Holmes, Macpherson, et al., 2019; Holmes et al., 2018; Johnsrude et al., 2013).
Age Group. The effect of age group did not interact with cognitive score
or listening condition. Specifically, the ONH listeners did not require a higher
SNR to achieve 80% intelligibility than the YNH listeners, and performance for
either listener group did not vary by talker familiarity. Previous studies have
shown an inconsistent effect of listener age on talker familiarity benefit.
Johnsrude et al. (2013) assessed talker familiarity benefit across a range of
TMRs (-6 to +6 dB TMR) for normal-hearing adults who ranged in age from 44-79
years old. Their analysis revealed that the Younger (<55 years) and Older (= 55
years) listener groups did not differ in performance across the test conditions.
However, when performance was analyzed when listener performance was at
76% speech intelligibility and age was used as a continuous variable, there was

a significant correlation between age and talker familiarity. Performance in the
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Familiar Target condition did not vary across the span of ages. However, speech
understanding performance was significantly poorer in the Both Unfamiliar
condition with increasing age.

The variance in results between the current study and Johnsrude et al.
(2013), may due to differences in the age range of the younger adult participants.
The current study included YNH participants that ranged in age from 27-40
years, whereas the younger adults in the Johnsrude et al. (2013) ranged from 44-
54 years old. Additionally, the current study analyzed data using a between-
subjects factor of listener group (YNH and ONH). The Johnsrude et al. (2013) did
not find an effect of age group when age was analyzed as a grouping variable.
When they conducted correlation analyses with age (years) as a continuous
variable, Johnsrude et al. (2013) found that speech understanding performance
did not vary with increasing age when the target talker was familiar. Conversely,
Domingo, Holmes, and Johnsrude (2019) found that speech understanding in
noise performance of a familiar target talker declined with increasing age (28 —
82 years). The two previous studies did not directly measure cognitive function,
thus it may be that the age effects seen may be more related to cognitive

function of the individual participants, as was seen in the current study.
Performance on the 1-back Test

Influence of Inhibitory Control, Working Memory Capacity, and SNR.
Performance on the 1-back test was influenced by individuals’ performance on
cognitive measures. For both listener groups, 1-back scores on the Unfamiliar +

SSN and the Both Unfamiliar conditions improved with increasing Flanker score.
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Interestingly, performance in conditions that included a familiar voice as either a
target talker or as a masker did not vary significantly with increasing Flanker
score. One possibility for why the Flanker did not correlate with performance on
the competing talker conditions is because a different cognitive process, such as
working memory capacity, was more related to recall ability with a speech
masker.

It was hypothesized that performance on the 1-back task would correlate
with performance on a test of working memory (LSPAN). Previous studies have
shown that adults with a higher working memory capacity have better speech
understanding in noise compared to their age-matched peers with lower working
memory capacity (Gordon-Salant & Cole, 2016). The results of the current study
showed a significant three-way interaction between listening conditions, LSPAN
score, and SNR (Figure 4.6). When completing the 1-back task in the presence
of SSN, individuals with higher LSPAN scores were better able to take advantage
of the more favorable SNRs, and thus had higher 1-back scores than individuals
with lower LSPAN scores. However, when listening in the competing talker
conditions, performance for the individuals with higher LSPAN scores decreased
with increasing SNR. This is surprising, because individuals with higher working
memory capacity demonstrated better speech understanding in noise in the
current study and in those reported previously (Fullgrabe & Rosen, 2016;
Gordon-Salant & Cole, 2016).

The finding that individuals with higher LSPAN scores had poorer 1-back

recall with higher SNRs may be related to the listeners’ performance on the 0-
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back test. As previously mentioned, the SNRs for the 1-back test were selected
from the trials in the 0-back test that were used to track 80% intelligibility. Thus,
the individuals with lower LSPAN scores may have required higher SNRs to
maintain 80% intelligibility than the individuals with higher LSPAN scores. While
the SNRs elicited equal intelligibility across listeners, the SNRs may still have
been sufficiently aversive to increase cognitive demand on the memory recall
task. Schurman et al. (2014) measured 1-back performance in competing speech
and speech-shaped noise and reported significant correlations between 1-back
performance and LSPAN score. However, they did not analyze performance
relative to the test SNR, as was done in the current study. Thus, it is unclear
whether these findings are consistent with previous studies that utilized a 1-back
method for assessing working memory capacity.

Age Group. It was hypothesized that younger and older listeners would
perform better on a 1-back test (e.g., high memory load) when the target talker
was a familiar voice compared to an unfamiliar voice, reflecting reduced demand
on cognitive resources with the familiar voice. The results generally showed that
performance on the 1-back test did not vary with the familiarity of the target
talker’s voice, except for the ONH listeners in the SSN conditions. Both younger
and older listeners exhibited improved 1-back performance with increasing
LSPAN score. This pattern was observed in all of the SSN conditions for both
groups. However, the 1-back scores for the ONH listeners were higher in the
Familiar vs. Unfamiliar Talker + SSN condition. This finding is novel and adds to

the evidence that talker familiarity is beneficial for understanding speech in noise
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(Domingo, Holmes, & Johnsrude, 2019; Domingo, Holmes, Macpherson, et al.,
2019; Johnsrude et al., 2013), and that talker familiarity can improve
performance when listening in a situation that causes a greater strain on
cognitive resources, as simulated on the 1-back task.

There was a talker familiarity benefit when performance on the 1-back test
interacted with SNR. Individuals that required a higher SNR to achieve 80%
intelligibility were then tested at these higher SNRs in the 1-back paradigm, and
individuals that required a lower SNR were tested at those more adverse levels.
Performance on the Familiar Masker condition improved with increasing SNR for
the ONH listeners, and this improvement was larger than that shown in the
Familiar Target condition. Thus, higher SNRs were more beneficial to ONH
listeners when the competing voice was their spouse, whereas the YNH listeners
only showed an improvement in 1-back score with increasing SNR in the two
SSN conditions.

The finding that YNH and ONH listeners have differences in talker
familiarity benefit in a high memory load task is novel. Previous studies on talker
familiarity benefit have not evaluated performance in relation to working memory
capacity. Additionally, previous studies that examined the effect of age on 1-back
recall did not evaluate this effect with regard to individual trial SNRs. The SNRs
at which the YNH and ONH listeners were tested in the current study ranged
from -20 to +10 dB SNR. The YNH listeners exhibited a wide range in SNRs,
whereas the ONH listeners were primarily tested at 0 to +10 dB SNR. Schurman

et al. (2014) implemented a similar 1-back task, and measured performance for
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YNH and ONH listeners when sentence context and type of background noise
were manipulated. They found that ONH listeners exhibited poorer performance
on a similar 1-back test as compared to YNH listeners for essentially all test
conditions. However, performance was not evaluated with regards to trial-by-trial
SNRs.

One possible reason for the ONH listeners’ improved performance on the
1-back test with a familiar masker may be due to the range of SNRs in which
they were tested. The SNR for each 1-back trial was based on SNRs that were
used to adaptively track to 80% speech intelligibility in the 0-back test. As shown
in Figure 4.5, the ONH listeners required SNRs that were generally above 0 dB
when listening in competing speech, whereas the YNH listeners’ SNRs were
spread across a wide range in values. Thus, the familiar masker benefit may
have been generated from a restricted range of SNRs at which the ONH listeners
were tested. Conversely, the YNH listeners did not exhibit a talker familiarity
benefit on the 1-back test, regardless of SNR or LSPAN score. While
performance in several of the conditions was significantly higher than for the
ONH listeners, there was not an instance where performance by YNH listeners
on a familiar talker condition was greater than when the target talker was
unfamiliar. The YNH listeners may not rely as heavily on the familiarity cue for

maintaining accuracy on a task of increased working memory load.

Conclusions
The objective of this study was to measure the extent to which a familiar

voice reduces the demand on available cognitive resources as measured by
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tests of working memory and inhibition. It was hypothesized that the familiarity of
a talker would impact performance on a 1-back test, such that performance
would improve when the target talker was a familiar vs. unfamiliar voice, and that
ONH listeners would show a larger familiarity benefit than the YNH listeners. On
the immediate recall task, where the SNR was adapted to determine listeners’
speech intelligibility performance at 80% correct, the talker familiarity benefit was
only present when the competing signal was a 1-talker masker. Specifically,
performance on the Familiar Talker condition improved with higher LSPAN
scores, as well as with higher Flanker scores. Talker familiarity and cognitive
function did not impact performance on the SSN conditions. These findings
suggest that when listening to speech in the presence of a competing talker,
more cognitive resources are required for speech intelligibility compared to when
listening in the presence of a speech shaped noise masker. On the 1-back recall
test, the ONH listeners exhibited a significant talker familiarity benefit.
Performance was higher in the Familiar + SSN condition with increasing LSPAN
than the Unfamiliar + SSN condition. This finding is novel and provides evidence
that ONH listeners can benefit from listening to a familiar talker in the presence of
background noise.

This study also examined whether the effect of talker familiarity on the 1-
back test was influenced by cognitive function. It was hypothesized that older
adults would perform more poorly on the working memory test than younger
adults, but would show a larger benefit when the target talker was a familiar

voice. The findings confirmed that performance on the 1-back task varied with
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listener age group, SNR, and LSPAN score. For the SSN conditions, individuals
with higher LSPAN scores were better able to take advantage of the more
favorable SNRs, and thus had higher 1-back scores than individuals with lower
LSPAN scores. However, when listening in the competing talker conditions,
performance of the individuals with higher LSPAN scores decreased with
increasing SNR. This may be due to the trend that primarily individuals with
higher LSPAN scores were able to achieve very low SRTs. Taken together,
these findings suggest that listening to a familiar voice can improve speech
understanding in noise when the background masker is composed of speech,
and that ONH listeners can take advantage of the talker familiarity benefit to
improve performance on a test that increased demands on working memory

capacity.

130



General Discussion

The long-term goal of this research was to understand the cognitive
mechanisms responsible for a FV benéefit in real-world environments, and to
develop means to exploit the FV benefit to increase saliency of the attended
speech for older who have difficulty understanding speech in noise. Speech
understanding in a complex environment requires the listener to extract the target
speech from the background noise by selectively attending to the target and
filtering out the other competing sounds (Cherry, 1953). Speech understanding
ability in noise is dependent on three main factors: 1) the environment in which
an individual is listening; 2) individual subject factors of the listener; and 3)
characteristics of the talker(s). The approach for this research was to measure
speech understanding for familiar partners (spouses) in a cocktail-party scene.
While adults have shown a speech intelligibility benefit when listening to a
familiar voice in a controlled laboratory setting, it is unknown whether this effect
is observed in a real-world environment. Speech intelligibility of familiar and
unfamiliar talkers was examined in a real-world environment (Study 1). Speech
segregation of a familiar voice was evaluated when the familiar voice served as
either the target or competing talker in a laboratory environment, where the
spatial separation of the target talker and maskers varied (Study 2). Lastly, the
allocation of cognitive resources when listening to familiar speech was measured
through a recall test with an increased memory load (Study 1 and 3).

Study 1 examined the effect of talker familiarity on speech understanding
and working memory tasks in a real-world environment. Speech intelligibility was
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measured for pairs of familiar partners (spouses) in a local restaurant using a
self-administered speech perception task. On a given trial, the target talker was a
familiar voice for one of the participants and was as an unfamiliar voice for the
other participants. Results suggested that both younger and older adults
experienced a talker familiarity benefit in a real-world environment, and that this
benefit was highly correlated with working memory capacity (i.e., on the LSPAN
test), such that older adults with higher working memory scores exhibited a
greater familiarity benefit than older adults with lower working memory scores.
The listeners also completed a working memory task that required each
participant to recall a particular word from each of the previous four sentences.
The results showed that talker familiarity did not influence recall on the memory
task. Thus, while talker familiarity was a salient cue for improved speech
understanding in noise, it did not result in a reduction in cognitive resource
consumption on the working memory task employed.

Study 2 examined the effect of talker familiarity on speech segregation for
younger and older adults in a simulated cocktail-party environment. Stimuli were
recorded from each participant’s spouse (familiar voice), and were presented
monotically or dichotically under headphones to simulate a cocktail-party
environment in a laboratory setting. Speech understanding performance was
measured for conditions where the FV was the target talker, and conditions
where the FV is a masker. When speech was presented monotically, talker
familiarity benefit was influenced by whether the listener was able to correctly

identify whether the target talker was familiar or unfamiliar. When younger and
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older listeners were able to correctly identify the talker, they exhibited a talker
familiarity benefit when the target talker was familiar. However, when the listener
incorrectly identified the familiarity of the talker, the listeners exhibited a
significant decline in performance when the familiar voice was a masker than
when the voice was the target talker. This decline was significantly greater for the
YNH than for the ONH listeners. Speech understanding performance was
significantly poorer when the stimuli were presented dichotically, although both
groups demonstrated a talker familiarity benefit. Furthermore, ONH listeners had
more across-ear errors in the dichotic conditions than the YNH listeners,
suggesting that they were less able to inhibit irrelevant stimuli than the YNH
listeners.

Study 3 examined the effect of talker familiarity on a measure of auditory
working memory in a laboratory environment. Similar to Study 2, stimuli were
recorded from couples and were presented under headphones. Listeners
completed an immediate recall task that adapted the SNR to obtain speech
intelligibility performance at 80% correct. These SNRs were then used to test
listeners on a task of auditory recall that required them to hold a spoken
sentence in memory and then recall it after hearing another sentence (i.e., 1-
back task). Consistent with results in Studies 1 and 2, the results for the
immediate recall task showed a significant talker familiarity benefit when the
competing signal was speech, but not when the competing signal was speech-
shaped noise. However, in the competing speech conditions, performance on the

Familiar Talker condition improved for individuals with higher cognitive scores
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(LSPAN and Flanker), which suggests that when listening to speech in the
presence of a competing talker, more cognitive resources are required for
speech intelligibility compared to when listening in the presence of a SSN

masker.

The results on the 1-back test in Study 3 suggest that individuals with
higher working memory capacity and individuals with higher inhibitory control
generally perform better on a speech recognition task with a relatively high
memory load (i.e., the 1-back task) than those with lower cognitive ability.
Performance on the 1-back task improved for ONH listeners with higher LSPAN
scores on the Familiar Talker + SSN condition but not in the Unfamiliar Talker +
SSN condition. This finding is novel and suggests that ONH listeners with higher
working memory capacity can benefit from listening to a familiar voice in a
situation that requires increased use of cognitive resources. However, the
familiarity benefit measured in the SSN conditions was not present when the
competing signal was speech. The presence of an informational masker may
have increased cognitive demand such that listeners were unable to utilize their
limited remaining cognitive resources to access a familiarity benefit on a memory

recall task.

Real-world Environments

Target talker familiarity improved speech understanding in real-world
environments. Study 1 demonstrated that when listening in an actual real-world
environment, individuals were able to take advantage of the familiarity cue. This

finding is novel, and suggests that both younger and older listeners can benefit
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from listening to a familiar voice beyond the effects seen in laboratory measures
(Domingo, Holmes, & Johnsrude, 2019; Holmes et al., 2018; Johnsrude et al.,
2013). When listeners were tested under headphones in Study 2, results showed
that adults achieved higher speech understanding scores when the target talker
was familiar in a simulated cocktail-party type scene (dichotic condition). These
findings support previous literature that demonstrated that talker familiarity is an
important cue for improving speech understanding in noise (Domingo, Holmes, &
Johnsrude, 2019; Holmes et al., 2018; Johnsrude et al., 2013). Furthermore,
when speech intelligibility was fixed at a high performance level (Study 3),
individuals with higher LSPAN or Flanker scores exhibited a talker familiarity
benefit when the competing signal was a single talker. When the competing
signal was speech-shaped noise, however, there was not a significant effect of
talker familiarity, regardless of listener age or cognitive ability. This masker-
dependent familiarity benefit may be due to the fact that listening in the presence
of a competing talker is significantly more challenging than when listening in the
presence of fluctuating noise (Brungart, 2001b; Freyman et al., 2001). Thus,
presence of a familiar target talker may be most beneficial when the competing
signal provides some amount of informational masking on speech understanding
task.

The presence of a familiar masker can potentially impair speech
understanding performance. In Studies 2 and 3, listeners were presented with
target stimuli that were mixed with one (Study 2 and 3) or two (Study 2)

competing talkers. When the competing voice was familiar, listeners’ ability to
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segregate target from masker speech varied based on the complexity of the
auditory scene (number of competing talkers) and talker identification accuracy.
When speech was presented monotically, the familiar masker did not negatively
impact speech understanding if listeners were able to correctly identify the target
talker. However, when the identification was incorrect, speech understanding
performance was significantly poorer when the familiar voice was the masker.
Performance in the Both Unfamiliar condition did not vary when the target talker
identification was correct vs. incorrect. This suggests that with a familiar masker,
the listener selected the incorrect speech stream as the target and was biased to
follow that familiar voice. Thus, there was no benefit of a familiar voice as a
masker, and furthermore, the familiar masker was detrimental to speech
understanding.

When speech was presented dichotically, performance did not decrease
with the addition of a familiar voice as the masker in either the Masker-Target Ear
or the Masker — Opposite conditions, compared to when all competing voices
were unfamiliar. This suggests that the decrement in performance for the dichotic
conditions was not further impaired when one of the competing talkers was a
familiar voice. In Study 3, when speech understanding performance was adapted
to be high (80% correct intelligibility), the familiar masker did not reduce speech
understanding performance in relation to the Both Unfamiliar condition. However,
in the 1-back task, the ONH listeners exhibited an improvement in performance
with increasing SNR in the Familiar Masker condition. One possible reason for

the ONH listeners’ improved performance on the 1-back test with a familiar
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masker may be due to the range of SNRs in which they were tested. The ONH
listeners required SNRs that were generally above 0 dB when listening in
competing speech, whereas the YNH listeners’ SNRs were more dispersed and
generally lower (less favorable). The findings across the three studies suggest
that a familiar masker is only a detriment to speech understanding when there is
an explicit confusion about the target talker identity, in which case the listener is

more likely to attend to the salient familiar voice.

Aging

The benefits of talker familiarity on speech understanding were not
specific to a particular age group. Both younger and older adults exhibited a
familiarity benefit when listening in a real-world environment (Study 1) and when
the complex environment was presented under headphones (Study 2 and Study
3). When speech intelligibility was fixed at 80% correct, both YNH and ONH
listeners showed better SRTso scores in the competing speech conditions when
the target talker was familiar vs. unfamiliar (Study 3). Irrespective of talker
familiarity, the ONH listeners showed a greater decline in performance when
listening in the dichotic vs. monotic conditions than the YNH listeners. This is in
agreement with studies that have shown that older adults are less able than
young adults to ignore competing speech (Dubno et al., 1984; Helfer & Freyman,
2008).

In Study 2, the ONH listeners demonstrated both a benefit of a familiar
target talker (monotic and dichotic configurations), and also a benefit of a familiar

masker in the monotic configuration. Grouped across SNR (0 and -5 dB SNR),
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speech understanding for the ONH listeners in the Familiar Masker condition was
significantly better than for the Both Unfamiliar condition when target talker
identification was correct. This is in agreement with Johnsrude et al. (2013), who
showed a familiar masker benefit for adults aged 40 — 80 years old in adverse
SNRs (-6, -3, and 0 dB SNR).

Younger adults appeared to ignore the familiar voice when it served as the
masker. One possible reason for this finding is that the YNH listeners were able
to attend well to the call sign cue. The older adults, however, may have been
attending to both streams and in instances where they correctly identified the
target talker, they were better able to segregate and report what was said by the
target talker even when the familiar voice was the masker. This is supported by
the error analysis conducted in Study 2, which showed that across all dichotic
conditions, the ONH listeners had a greater proportion of errors than YNH
listeners for masker words reported from the non-target ear. The across-ear
intrusion errors may be due to a reduction in inhibition by older adults (Hasher &
Zacks, 1988; Presacco et al., 2016a). This finding is consistent with those
reported in previous studies in which ONH listeners had greater difficulty
segregating competing streams of speech (Helfer & Jesse, 2015; Jesse & Helfer,

2019),

Working Memory Capacity and Inhibitory Control
Studies in the area of aging and speech understanding have repeatedly
highlighted the importance of cognition, especially during difficult listening

conditions. Auditory working memory and inhibitory control significantly contribute
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to listeners’ ability to understand speech in the presence of background noise
(Conway et al., 2001; Janse, 2012; Ronnberg et al., 2010; Souza et al., 2015).
The Ease of Language Understanding (ELU) model suggests that working
memory is dependent on top-down processes such as language processing
when attempting to understand speech in a noisy environment (Ronnberg et al.,
2019; Ronnberg et al., 2008). The impact of increased working memory demand
during a speech understanding task was evaluated in Studies 1 and 3. Speech
understanding in the real-world environment (Study 1) was predicted by LSPAN
scores. In trials with higher noise levels, speech understanding performance was
better for individuals with higher vs. lower LSPAN scores, which is consistent
with the premises of the ELU model (Ronnberg et al., 2019; Ronnberg et al.,
2013). Older adults with lower LSPAN scores were less able to take advantage
of the familiar target talker benefit in this environment than older adults with
higher LSPAN scores. Similarly, the results from Study 3 indicated that higher
cognitive performance as measured on the LSPAN and Flanker tests resulted in
lower (better) SRTso thresholds for the competing talker conditions. Neither
measure was predictive of performance in the speech-shaped noise conditions.
The Flanker and LSPAN scores were also predictive of performance on
recall tests with increased memory load. In Study 1, individuals with higher
LSPAN scores had better n-back recall performance than those with lower
LSPAN scores, particularly for the 1-back condition. Similarly, performance on
the 1-back test in Study 3 correlated with cognitive measures, which included the

Flanker and the LSPAN cognitive measures. Participants with higher Flanker
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scores demonstrated better 1-back recall in the Unfamiliar Talker + SSN and
Both Unfamiliar conditions. Because inhibitory control was not identified as a
significant factor in the Familiar Talker conditions, it appears that inhibitory
control was not predictive of talker familiarity benefit. Conversely, ONH listeners
with higher LSPAN score demonstrated better 1-back scores in the Familiar
Talker vs. Unfamiliar Talker + SSN condition. This evidence suggests that the
presence of a familiar target talker can reduce consumption of cognitive
resources. However, this effect was not seen in Study 1. These findings are
consistent with previous studies that have shown that speech understanding in
noise is highly correlated with cognitive function, and in this specific case,
auditory working memory (Gordon-Salant & Cole, 2016; Pichora-Fuller et al.,
1995; Ronnberg et al., 2019; Schurman et al., 2014).

The difference in familiarity benefit seen in Studies 1 and 3 may be due to
differences in methodology. In Study 1, participants were instructed to recall the
CRM call sign (Baron, Ringo, etc.) from the previous four trials. The methodology
used in Study 3 was different in that participants were instructed to recall the
sentence (four words) that was presented in the previous trial (e.g., 1-back).
When comparing the 1-back scores across the two studies, both younger and
older adults exhibited better recall ability in Study 1 than Study 3. Thus, the
reduced memory load of remembering one vs. four words may have resulted in a

decrease in reliance on the familiarity cue in Study 1.

140



Conclusions

Across the three studies, talker familiarity was a salient cue that both
younger and older adults utilized when listening in complex environment, such as
a restaurant or crowded gathering, or in simulations of these complex
environments. Understanding the role that familiar voices may have on the
allocation of cognitive resources will result in improved aural rehabilitation
strategies and will ultimately facilitate improvements in parther communication in
complex real-world environments (Preminger, 2003; Tye-Murray et al., 2016). For
example, utilizing familiar voices (i.e., spouses), in aural rehabilitation training
programs could help to alleviate some of the cognitive demands involved during
auditory training. In turn, these cognitive resources could then be allocated
towards the specific training task, such as learning to differentiate an acoustic
cue or contrast, with the ultimate goal of improving overall speech understanding.
Thus, if audiologists can reduce some of the barriers to listening in a complex
environment by training patients on certain tasks while using a familiar voice as
the stimulus, the result could be quite positive.

The long-term goal of this research is to understand the cognitive
mechanisms responsible for a FV benefit in real-world environments, and to
develop means to exploit the FV benefit to increase saliency of the attended
speech for older adults with hearing loss. While it was demonstrated that
listening to a familiar voice in a complex environment can result in improved
speech understanding, and potentially improved recall ability in a high-memory

load task, the mechanisms contributing to these benefits are still unknown.

141



Different methodologies for measuring the cognitive mechanisms of talker
familiarity could include use of physiologic measures such as pupillometry and
electroencephalography (EEG), and should be used to further evaluate how the
brain encodes familiar speech. Overall, the results suggest that younger and
older adults receive a significant benefit to speech understanding when attending
to a familiar voice as the target talker, and these findings can contribute to the
growing body of research into the development of attention- or cognitively driven
hearing aids, which rely on a listener’s focus of attention to selectively amplify a

target signal.
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