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Introduction

As researchers who work with children who are hard of hearing, pediatric audiol ogists often ask us
to recommend speech perception tools that assess children’ s functional hearing. Functional hearing
refers to how individuals use their hearing in everyday life, which often involveslistening in
environments that contain multiple sources of competing sounds. Unfortunately, few such tools are
currently available. Thisis problematic because, while severa speech-in-noise tests are available
for clinical use with children, scores on conventional speech-in-noise measures do not appear to be

closely associated with children’s functional hearing.*

One reason that conventional clinical tools do not fully capture children’s functional hearing
abilitiesisthat they involve testing in either quiet, in the presence of broadband noise, or in the
presence of speech produced by many talkers (i.e., ? 4 talkers). These sounds are relatively steady-
state, similar to noise produced by cafeteria babble or by heating and ventilation systems. Steady-

state noise masks target speech by interfering with the peripheral encoding of sound.” For example,
the noise produced by an air conditioner in the classroom may cause a child to miss an important
phoneme in aword produced by their teacher. In the literature this type of interference is referred
to as energetic masking.

Although noiseis prevalent in children’s environments, there is a growing awareness that children

spend most of their days listening and learning in the presence of competing speech.’ Thisisan
important consideration for researchers and clinicians because background maskers composed of a

small number of talkers tend to produce both energetic and informational masking.*® Informational
masking occurs when listeners have difficulty separating talkersinto different auditory objects

and/or allocating attention to one talker while ignoring competing talkers.*” Children are especially

vulnerable to the detrimental effects of informational masking.®® While children with normal
hearing often require a more advantageous signal-to-noise ratio (SNR) than adults to recognize
speech in a noise masker, the performance gap between adults and children is significantly larger

in a speech masker composed of a small number of talkers.® Moreover, children do not attain adult-

like speech recognition performance in the presence of competing speech until adolescence.’
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Classroom Acoustics
A classroom acoustics standard is in place in the United States, providing recommendations for

classroom noise levels.”® This standard was devel oped by the Acoustical Society of Americaand
approved in 2002 by the American National Standards Institute as ANSI S12.60. The objective of
this standard is to address the negative effects of acoustical variablesin classrooms, as well the
obstacles that result from impairments affecting a child’ s access to sound. The American Speech-
Language and Hearing Association states that “ ...through specific design requirements and
acoustical performance criteria, the standard tries to create a classroom environment that optimizes

»ll

speech understanding.” ™ No such standard exists in Canada, though Speech-L anguage &
Audiology Canadais aware that noise in Canadian classrooms is an important issue that needs to

be addressed.”
ANSI S12.60 recommends that unoccupied classroom background noise levels should not exceed

35 dBA."° Noise sources often found in an unoccupied classroom noise assessment are defined as
external or internal. Examples of external sources include outside street traffic and children playing

on aplayground.” Examples of internal sources include those found in adjacent classrooms or
hallways, as well as noise produce by sources such as heating and air condition systems or
overhead lighting. Unfortunately, even with the standard in place, few classrooms in the United

States” and Canada™ have favourable acoustics; most exceed the recommended noise levels.

One limitation of the current noise standard is that measurements are taken in unoccupied
classrooms; thus, movement within the classroom is not accounted for. This movement may
include chairs scraping on the floor, projection systems, or children and teachers shuffling or
fidgeting about the classroom. A second limitation is that the current standard fails to account for
an important source of extraneous sound in the classroom — competing speech. Teachers are well
aware, and results from recent studies show, that children spend much of their day listening and

learning with competing speech in the background.® As discussed in the following sections, it turns
out that competing speech poses a significant challenge to devel oping children, particularly
children who are hard of hearing.

Children’s Speech Recognition in the Presence of Competing
Noise, Babble, or Speech
Y oung children have more difficulty than adults recognizing speech in the presence of almost any

89,16

competing background sound.”™ For children with normal hearing, the ability to recognize
phonemes, words, or sentences in noise appears to mature by around 10 years of age. In their
seminal study, Hall and his colleagues from the University of North Carolina estimated children’s
and adults’ speech recognition thresholds (SRTs) for spondaic words (spondees) in the presence of

speech-shaped noise.’ The children ranged in age from 5 to 10 years. Children required a more
advantageous SNR relative to adults to achieve the same level of performance. The average child-
adult SRT difference was 3 dB.

Several studies have examined children’ s speech perception abilitiesin the presence of speech
babble or “cafeteria noise,” which is operationally defined here as a mixture of 4 or more talkers.
The findings are similar to those observed in studies that have assessed masked speech perception

in the presence of Gaussian or speech-shaped noise.**"’ The explanation for the similar pattern of

results observed with competing noise and babble is that the combined acoustic waveforms of
multiple talkersfill in the temporal and spectral gaps that would be present in a small number of
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speech streams, and the babble begins to sound more like noise than like speech.*

Consider instead the situation in which a child in the classroom is trying to listen to the teacher
while two fellow classmates are having a conversation from behind. In the study by Hall and

colleagues mentioned previously,’ SRTs were also estimated in the presence of a 2-talker masker.
In contrast to the 3-dB child-adult difference observed in the noise masker, the average child-adult
difference was 7 dB in the speech masker. These findings have been replicated across a number of
different laboratories using a variety of speech materials. In addition to the larger performance gap
between children and adults in the presence of competing speech, children do not show adult-like

performance on speech-in-speech tasks until after 12—13 years of age.’ This prolonged time course
of development indicates that it takes years of experience with sound and/or neural maturation in
order to master the perceptual skills required to separate and attend to a target talker when other
people are talking in the background.

The Influence of Hearing Loss on Speech Recognition in the
Presence of Competing Speech
We are beginning to gain an appreciation for how the variable and/or degraded experience with

sound often associated with hearing loss early in life impacts the development of both language™

and functional hearing.” Findings from recent studies conducted in our laboratories at Boys Town
National Research Hospital and at the University of North Carolina suggest that the well-known
performance gap on measures of masked speech perception between children who are hard of

hearing and children with normal hearing islarger in competing speech than in competing noise.”
We first demonstrated that children with normal hearing had an average SNR advantage of 8.1 dB
compared with age-matched children with sensory/neural hearing loss when asked to identify
spondeesin a 2-talker masker. The children with hearing loss were tested wearing their personal
hearing aids. Note that the average advantage was only 3.5 dB in a noise masker. These findings
provided initial evidence that hearing loss early in life can interfere with children’ s perceptual
processing abilities.

In afollow-up study, we tested the hypothesis that speech perception in a 2-talker speech masker is
more closely associated with the everyday communication challenges experience by children who

are hard of hearing than testing in a noise masker.” The resultsindicated that SRTsin anoise
masker were uncorrelated with parental reports of their children’s functional auditory skills. In
sharp contrast, SRTs in a 2-talker masker were highly correlated with the parental reports. This
pattern of results suggest that the assessment of speech perception in the presence of a small
number of competing talkers taps into some of the same abilities that children who are hard of
hearing rely on to hear and understand speech in natural listening environments. We are actively
working on new experiments in the laboratory to confirm this finding, and to evaluate the impact
of factors such as degree of hearing loss, age, and amount of hearing aid use on the functional
hearing skills of children who are hard of hearing.

Clinical Tools for Assessing Children’s Masked Speech
Recognition

Helping children, particularly children who are hard of hearing, overcome the effects of poor
classroom acousticsis a challenge for educational audiologists. Certain accommodations are often
implemented, including preferential seating and the use of wireless assistive listening devices (e.g.,
FM systems) at school. To determine if such accommodations are necessary, audiol ogists often
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perform an observation that eval uates the classroom and teacher, and may aso assess children’s
speech perception abilities using one or more masked speech perception tests.

There are avariety of masked speech perception tests available to pediatric audiologists. Most of
these tests assess hearing in the presence of noise or babble. The age of the child and specific
complaints from child, parent, or teacher can guide the audiologist’ s decision on which test or tests
to consider in a hearing evaluation. Commonly used tests for evaluating speech recognition in

noise or babble include the Bamford-K owal-Bench Speech in Noise (BKB-SIN) test,” the Hearing

in Noise Test for Children (HINT-C) test,” and the Pediatric AZ Bio test.” The BKB-SIN test isan
adaptive procedure which measures SNR loss in amulti-talker babble. The HINT-C isalso an
adaptive procedure, but measures sentence recognition thresholds corresponding to 50% correct in
a speech-shaped noise. Finally, the Pediatric AZ Bio test is an open-set sentence recognition task
that measures percent keywords correct in quiet or in 10-talker babble. All of these tests are
suitable for use with school-aged children, and the combination of sentence target materials with
an open-set response format provides an approximation of children’s daily performance in quiet or
in presence of relatively steady-state background sounds. Scores on these tests are used to help
diagnose hearing loss, evaluate (re)habilitative outcomes, establish hearing aid and cochlear
implant candidacy, recommend services or interventions (e.g., FM systems), and set educational

goals and expectations.”

Missing from the pediatric speech perception testing battery are tools that evaluate not only the
peripheral consequences of sensory/neural hearing loss, but also the perceptual and cognitive
processes that underlie speech understanding in real-world environments. There is a movement to
develop new tools that include testing in the presence of complex and dynamic maskers, such as
competing speech. Thisideais not new; there has been longstanding support for incorporating

speech maskersinto clinical speech perception assessments.” Nonetheless, it has only beenin
recent years that clinical interest and evidence-based research have led to in the formation of a new
generation of speech-in-speech clinical assessment tools.

A promising new tool isthe North American Listening in Spatialized Noise - Sentences (LiSN-S)

test.” This test eval uates sentence recognition in the presence of competing speech, with normative
data collected on children as young as 6 years of age. A unique feature of thistest isthat the
competing speech can be presented via headphones so that it is perceived as arriving from the same
or adifferent location in space as the target sentences. These presentation options provide an
opportunity to examine the extent to which children rely on spatial separation to separate
competing streams of speech. Thisis particularly relevant to real-world performance, as different
sounds typical arise from different locations in space.

We are part of a multi-center study funded by the National Institutes of Health to develop a new
pediatric English/Spanish speech perception test. While amajor goal of thistest development isto
provide equivalent testing optionsin either English or Spanish, another important goal isto provide
clinicians with atest that can be used in quiet, in competing steady-state noise, and in competing

two-talker speech.” The test includes a closed-set picture pointing paradigm that presents four
images on each trial. During each trial, adisyllabic word is presented to the child in the booth
through headphones, insert earphones, or aloudspeaker. Children respond by selecting the picture
illustrating the word they thought they heard via a touchscreen monitor. Results obtained with the
steady-state noise reflect energetic masking, while performance with the competing speech masker
provides further information about auditory segregation and informational masking. We are
completing the second year of a5-year grant to refine, validate, and implement this new clinical
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measure. To date, we have focused on refining the test procedures for efficiency and clinical use.
We will soon begin clinical testing at seven clinical sites across the United States, collecting
normative data for children with normal hearing and children who are hard of hearing.

Summary
Thereis a consensus from professional acoustics and audiology organizations that the relatively

high levels of background noise present in modern classrooms have a detrimental effect on
children’ slistening and learning. This knowledge has been translated into the clinic by
incorporating measures of speech recognition in noise into the pediatric test battery. These tools
play acritical rolein assessing and managing hearing loss, informing decisions regarding device
candidacy, and implementing classroom accommodations. However, amajor limitation of
conventional speech-in-noise tests is that sounds other than steady-noise and babble permeate
children’s everyday environments. Research has confirmed what teachers, parents, and
audiologists have known to be true; children spend the majority of their days listening and learning
in the presence of background sounds that are complex and dynamic, such as speech produced by
people talking in the background. A new generation of speech-in-speech toolsis being developed
to address thisimportant gap in clinical practice. Initial research findings indicate that these tools
have the potential to capture aspects of children’s functional hearing that conventional speech-in-
noi se tests do not.
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