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Course Information

Limitations/Risks

• The applicability and accuracy of the course content may vary by the clinical, geographical, and cultural 
context; you should evaluate the course accordingly.

• As healthcare is rapidly evolving, new findings may change the validity of the information presented in 
this course. Providers should always consult the latest research and guidelines from professional 
associations.

• The interventions discussed in this course may be limited in generalizability, requiring practitioners to 
consider specific individual and population factors.

• The course may not cover all possible risk factors, diagnostic methods, or treatment options, and 
complex cases may require additional considerations.

• Healthcare providers should apply cultural competence and sensitivity to ensure effective and respectful 
care based on their patients' diverse needs.

• Providers should always evaluate the limitations of diagnostic and screening tools, considering their 
potential for false results as well as any ethical implications.

• It is the responsibility of course participants to critically evaluate the evidence from multiple sources to 
guide professional practice.
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Course Information

Learning Outcomes

After this course, participants will be able to: 

• Describe how speech recognition in the presence of competing 

background sounds develops during infancy and childhood.

• Discuss how factors such as age, language skills, and hearing loss 

may impact the ability to hear speech in noise.

• Propose potential clinical tools for accurately assessing speech 

recognition in steady noise and in competing speech.
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Collaborators and Support

Introduction and Outline
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How does the ability to recognize speech in 
the presence of competing sounds develop?

Introduction and Outline
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How do we balance scientific rigor with 
real-world validity?

Introduction and Outline
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Presentation Outline

Introduction and Outline
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What are we trying to understand?

Conceptual Framework 

and Background
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Stages of Auditory Processing

Conceptual Framework 

and Background
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Immaturity within any stage of 

processing can influence how well 

children perceive speech in their 

everyday lives.



The auditory scene is the combination of all 
sounds that reach a listener.

Conceptual Framework 

and Background

Target Masker MaskerMasker
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Children’s auditory scenes are composed of 
multiple sources of competing sounds. 

Conceptual Framework 

and Background

Some sources produce 

relatively steady sound.
Other sources produce 

more dynamic sounds.
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Different processes are responsible for 
masking with noise and competing speech.

Conceptual Framework 

and Background
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The spectral, intensity, and temporal 
characteristics of the sound mixture must 
be adequately represented by the peripheral 
auditory system. 

Conceptual Framework 

and Background

frequency intensity timing
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Peripheral encoding reaches adult-like 
resolution by 6 months of age.

Conceptual Framework 

and Background

Spetner & Olsho, 1990

Psychophysical tuning curves

Abdala & Keefe, 2011

DPOAE tuning curves

Rask-Andersen et al., 2012

Anatomical studies
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#1: Children are worse at recognizing 
masked speech that adults, particularly 
when the masker is speech.

Key Scientific Findings

Children and adults with normal hearing

• 5-16 years; n=56

• 18-44 years; n=16

Adaptive, open-set procedure

Target speech: monosyllabic words

Masker conditions: (1) speech-shaped noise 

(2) two streams of competing speech

17

SRTs for 5- to 7-year-olds were ~4 dB worse 

than 13- to 16-year-olds and adults in noise.

This age effect was ~7 dB in competing speech.

Results

Corbin et al. 2016



#2: Speech-in-speech recognition is one of 
the last auditory skills to develop.

Key Scientific Findings
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Children and adults with normal hearing

• 5-16 years; n=33

• 18-35 years; n=10

Adaptive, closed-set, 4AFC procedure

Target speech: disyllabic words

Masker: one stream of competing speech

Buss et al. 2017

SRTs improved by more than 16 dB during 

childhood.

Results

Mature performance was not observed until 

adolescence (~13 years of age). 



#3: Speech-in-speech recognition is 
influenced by central auditory processing.

Key Scientific Findings

19

Selectively attending to 

target speech
Grouping sounds into 

separate auditory objects



Key Scientific Findings
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Children and adults with normal hearing

• 5-10 years; n=10

• 19-28 years; n=8

Adaptive, closed-set, 4AFC procedure

Target speech: disyllabic words produced by a 

male (matched) or female (mismatched)

Masker: two streams of speech, each 

produced by a male

School-age children, like adults, benefit 
from a mismatch in target/masker sex.

Leibold et al. 2018 

Results

Children performed more poorly than adults 

overall. 

Children and adults benefitted by a similar 

amount when target and masker speech were 

mismatched in sex relative to when they were the 

same sex. 



Infants do not appear to benefit from a 
mismatch in target/masker sex.

Key Scientific Findings

21

Infants and adults with normal hearing

• 7-13 months; n=18

• 18-26 years; n=18

Adaptive, observer-based procedure

Target speech: a disyllabic word produced by a 

male (matched) or female (mismatched)

Masker: two-male-talker speech

Leibold et al. 2018 

Results

Using the same stimuli, infants performed 

similarly when the target and masker speech 

were produced by talkers mismatched in sex and 

when talkers were the same sex. 



Infants and young children listen less 
selectively than adults. 

Key Scientific Findings
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Children and adults with normal hearing

• 4-9 years; n=23

• 19-33 years; n=8

Adaptive, 2IFC detection task

Signal: 1 kHz tone

Conditions: quiet, remote noise (4-10 kHz)

Amount of Masking = SRTnoise - SRTquiet

Leibold & Neff 2011

Results

4- to 6-year-olds have elevated detection 

thresholds for a 1000 Hz tone when it is 

presented with a remote-frequency noise than 

when it is presented in quiet.

7- to 9-year-olds and adults show no masking 

with the remote-frequency noise.



#4: Immature language skills impact 
children’s speech-in-speech recognition.

Key Scientific Findings

23

Preschoolers with normal hearing

• 3-4 years; n=23

Adaptive, closed-set, 4AFC procedure with 

‘active’ familiarization and training

Target speech: disyllabic words

Masker: two streams of competing speech

Dubas et al. 2023

Results

Preschoolers with larger vocabularies had lower 

(better) SRTs for speech-in-speech recognition 

than preschoolers with smaller vocabularies.  



Children with hearing loss struggle more 
than peers with normal hearing in noisy 
environments.

Clinical Implications & 

Application
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Hearing loss impacts the fidelity with which sounds are 
represented by the peripheral auditory system.

Children with hearing loss may have reduced, 
degraded, and/or variable experience with sound. 



Hearing loss exacerbates children’s speech-
in-noise difficulties.

Clinical Implications & 

Application
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Children with moderate to severe hearing loss tested 

wearing amplification and children with normal hearing

• Hearing loss: 9-17 years; n=17

• Normal hearing: 9-11 years; n=10

Adaptive, closed-set, 4AFC procedure

Target speech: disyllabic words

Masker: speech-shaped noise

Leibold et al. 2013

Results

On average, children with hearing loss required 

an SNR that was 3.5 dB higher than peers with 

normal hearing to recognize speech in noise. 

SRTs measured in the noise masker were not 

associated with parent reports of their child’s 

listening difficulties.  



Children with hearing loss are at an even 
greater disadvantage when multiple people 
are talking.

Clinical Implications & 

Application

26Leibold et al. 2013

Target speech: disyllabic words

Masker: two streams of competing speech

Results

The disadvantage for children with hearing loss in 

the speech masker was 8.1 dB.

Speech-in-speech recognition performance was 

associated with parent reports of their child’s 

listening difficulties. 



Clinical Implications & 

Application

27
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What is the ChEgSS Test?

Clinical Implications & 

Application

28

A computer-based tool for assessing closed-set word 

recognition in English and in Spanish, in quiet or with 

a masker that is either speech-shaped noise or 

competing speech. 

The tester does not need to speak the test language 

or score productions in that language.



ChEgSS uses an adaptive, forced-choice 
procedure with a picture-pointing response.

Clinical Implications & 

Application

29

Targets: 30 disyllabic words in English and Spanish

• Spoken by the same female talker

• Appropriate vocabulary for a 5-year-old

• Easily illustrated

Masker Conditions: (1) speech-shaped noise (2) two 

streams of English speech (3) two streams of 

Spanish speech

feather/pluma woman/mujer zebra/cebra

Calandruccio et al. 2014 



Extensive normative data were collected on 
4- to 18-year-old children.

Clinical Implications & 

Application

30Leibold et al. 2024

Participants: 83 Spanish-English bilingual and 89 

English monolingual children with normal hearing

Bilingual children completed testing in English and in 

Spanish, in the noise and the speech masker

Monolingual children completed testing twice in 

English 

Results

Performance was similar in both languages for 

bilinguals with adequate proficiency.

Prediction intervals have been constructed, for 

comparison with clinical data. 



Are we capturing the challenges children 
face in their everyday lives?

Unresolved Questions

31

?



Some of our tasks are likely too difficult 
(relative to the real world).

Unresolved Questions

32

Children and adults with normal hearing

• 5-14 years; n=33

• 18-39 years; n=16

Adaptive, open-set sentence recognition

Target speech: BKB sentences produced 

using a clear or a conversational style

Masker: two streams of speech

Calandruccio et al. 2020 

Results

Young children did not show a clear speech 

benefit.



The answer is different when the task is 
easier (providing an additional binaural cue)

Unresolved Questions

33

Children and adults with normal hearing

• 4-7 years; n=20

• 19-39 years; n=10

Adaptive, open-set sentence recognition

Target speech: BKB sentences produced 

using a clear or a conversational style

Masker: two streams of speech

Now with a binaural cue! M0Tπ

Calandruccio et al. 2020 

Results

Young children and adults showed a similar clear 

speech benefit.



Generalization is limited by sampling bias.

Unresolved Questions

34

Considering the child population of the US:

• 16% live in poverty

• 21% speak a language other than English 

• 15% receive special education services

• 20% live in rural communities

Anne E. Casey Foundation 2026



Unresolved Questions

35
Age (years)

S
R

T
 (

d
B

 S
N

R
)

Individuals with Down syndrome and 

individuals who are neurotypical 

• DS: 5-55 years; n=92

• NT: 4-25 years; n=90

Adaptive, closed-set, 4AFC procedure

Targets: disyllabic words

Masker: two streams of competing speech

different 

asymptote

Speech-in-speech recognition is challenging 
for individuals with Down syndrome.



What a child hears in a noisy environment is 
not what an adult hears. 

Summary & Future 

Directions

36

The ability to recognize speech when multiple 
people are talking at the same time requires 

years of experience and maturation of central 

auditory processing.



Consistent access to high-quality auditory 
input provides the foundation for language 
development, social functioning, and school 
success.

Summary & Future 

Directions
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Not all children are afforded this access.



Our future directions include characterizing 
masked speech recognition for…

Summary & Future 

Directions
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A community-based sample 

of children
Speech produced by a wider 

range of talkers and styles



Thank you!

Summary & Future 

Directions

Lori.Leibold@boystown.org
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Congratulations!

Exam

• You’ve completed the course and can move on to the exam! 

• From your account: 

• Go to pending Courses

• Choose take exam

40
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