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Purpose: This review provides clinicians with an overview
of recent findings relevant to understanding why listeners
with normal hearing thresholds (NHTs) sometimes suffer
from communication difficulties in noisy settings.
Method: The results from neuroscience and psychoacoustics
are reviewed.
Results: In noisy settings, listeners focus their attention by
engaging cortical brain networks to suppress unimportant
sounds; they then can analyze and understand an important
sound, such as speech, amidst co
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to provide appropriate counseling and care management
and, ultimately, targeted interventions.

At first, it may seem surprising that listeners can have
difficulty understanding speech in cocktail party settings
but do not report difficulty in other listening situations.
However, solving the cocktail party problem places much
greater cognitive and sensory demands on the listener
than does listening in quiet. As discussed in the section on
We Rely on Selective Attention to Communicate in Noisy
Social Settings, audibility often is not the factor that limits
understanding for listeners with NHTs. Instead, central
processing resources can limit what we can consciously per-
ceive. We manage this limitation by focusing attention on
whatever acoustic source we will process, which relies on
engaging cortical networks to filter inputs in ways that are
unnecessary in quiet. Some listeners may have problems
controlling cortical control networks and, therefore, have
difficulty focusing selectively on whatever sound they want
to hear, an idea developed further in the section Individuals
Differ in Their Ability to Control Selective Attention. More
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attending to a different object on the screen—even though
the input reaching the animal’s retina is identical (e.g., see
Buschman & Miller, 2007). In auditory neuroscience, single



enhanced activation (Hill & Miller, 2010; Larson & Lee,
2014; Lee et al., 2013; Michalka et al., 2015, 2016). Thus, top-
down attention to nonspatial auditory features differentially
engages areas associated with auditory-specific processing
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Importantly, the effect on cochlear function can be negli-
gible; cochlear tuning and behavior detection thresholds
can be normal in exposed animals (Kujawa & Liberman,
2009).

Most hearing screenings reveal losses associated with
damage to inner and outer hair cells. Yet, with cochlear
synaptopathy, measures of cochlear function are normal,
making the deficit “invisible” to typical hearing screenings
(explaining the use of the colloquial term hidden hearing
loss to describe these problems; see Schaette & McAlpine,
2011).

Although detection thresholds may be normal in ani-
mals with cochlear synaptopathy, the loss of independent
ANFs degrades temporal processing, which particularly
degrades the coding of temporal modulation in supra-
threshold sound. These effects can be seen, for instance, in
the fidelity of phase locking in brainstem responses to am-
plitude modulation and the effects of additive noise and for-
ward masking on subcortical neural responses (e.g., see
Chambers et al., 2016; Furman et al., 2013; Hickox &
Liberman, 2014).

Although it is difficult to prove directly that cochlear
synaptopathy causes hearing problems in humans with
normal cochlear mechanical function, a growing number
of studies suggest that it does. Listeners with NHTs dif-
fer in their ability to use fine temporal cues (see Grose &
Mamo, 2010; Mehraei, Gallardo, Shinn-Cunningham, &
Dau, 2017; Mehraei et al., 2016; Strelcyk & Dau, 2009).
This variability correlates with difficulties in using spatial
selective attention to focus on and understand speech in
a noisy background (Bharadwaj, Masud, Mehraei, Verhulst,
& Shinn-Cunningham, 2015; Paul, Bruce, & Roberts, 2017;
Ruggles & Shinn-Cunningham, 2011), underscoring the clin-
ical relevance of these differences.

Listeners with NHTs show large intersubject variabil-
ity in the magnitude of auditory brainstem response (ABR)
Wave I (Schaette & McAlpine, 2011; Stamper & Johnson,
2015), supporting the view that some listeners with nor-
mal audiograms may suffer from cochlear synaptopathy,
albeit to varying degrees. As in animal studies, while ABR
Wave I amplitude varies significantly across individuals,
the magnitude of ABR Wave V does not (Schaette &
McAlpine, 2011; Stamper & Johnson, 2015). One study
has shown that perceptual differences correlate with these
differences in human ABRs: In young adults with no known
hearing deficits, Wave I magnitude correlates with ITD
sensitivity, whereas Wave V magnitude is unrelated to Wave I
magnitude or perceptual ability (Mehraei et al., 2016).
Indeed, cochlear synaptopathy reduces the strength of audi-
tory nerve responses; the auditory system then seems to
respond by increasing some internal gain to amplify the
weak response that remains (e.g., see Chambers et al., 2016).
Based on these findings, one proposed method for identify-
ing cochlear synaptopathy in humans computes the ratio of
the summation potential (the response of the hair cells in the
cochlea) to the action potential (the auditory nerve response;
Liberman, Epstein, Cleveland, Wang, & Maison, 2016); how-
ever, neither this metric nor any other has yet been proven
to be diagnostic of cochlear synaptopathy in humans (see
comments in the section on Future Impact in the Clinic).

In one study in my own laboratory, young adult
subjects were recruited with no special criteria except that
they had NHTs and no known auditory deficits (Bharadwaj
et al., 2015). Individual differences among this cohort
were nonetheless large. Perceptual abilities (including the
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