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Listening Is Where Hearing  
Meets Brain...in Children and Adults
Research continues to find close links for cognition and hearing

Hear ing  Sc ience

thoughts, and more. Indeed, listening can 
be thought of as applying meaning to 
sound, allowing the brain to organize, 
establish vocabulary, develop receptive 
and expressive language, learn, internal-
ize, and indeed ... listening is where hearing 
meets brain. Extraordinary listening (much 
like language) is uniquely human.

Hearing Is a Sense, Listening  
Is a Skill

For hearing care professionals, our fun-
damental concern has historically been 
hearing. Of course, that makes perfect 
sense, and is rational and defensible. 
Indeed, if one cannot hear the vast mul-
tiplicity of sounds from which speech is 
derived, one cannot listen. 

However, the core reason we endeavor 
to help people hear is to help people lis-
ten successfully, through the appropriate 
use of advanced hearing access technolo-
gies, such as hearing aids, FM systems, 
bone-anchored hearing systems, cochlear 
implants, brainstem implants, assistive lis-
tening devices, aural rehabilitation, alter-
native listening strategies, etc. All of these 
strategies center on the ability to make 
cognitive sense of sound. If the patient 
cannot listen better, or if they remain 
unable to apply appropriate meaning to 
the cornucopia of sounds around them, 
they’re not likely to fully appreciate our 
efforts on their behalf. 

The goal is not simply making sounds 
louder; the goal is improved (and hope-
fully successful) listening.

Attention, Listening, and Cognition
Hearing is essentially a sensory-based 

passive process. Presuming one has nor-
mal hearing, it takes no effort to hear; 
hearing occurs all the time and hearing 
cannot be switched off. Hearing occurs at 
every moment of every day. 

Listening is an active process; it requires 
attending and paying attention to things 
that  are of interest to us, while dismissing 

Dogs have extraor-
dinary hearing. 
The literature 

varies on the actual spectral response of 
canine hearing across breeds, but in gen-
eral, it appears to be from about 50 Hz to 
40,000 Hz. In practical terms, dogs hear 
roughly one octave more than humans—
thus allowing dogs to hear annoying dog 
whistles, which most of us prefer not 
to hear anyway. However, despite their 
extraordinary hearing, dogs are not very 
good at listening. That is, even the smartest 
dogs respond to perhaps a dozen words. 
Dogs hear, but their cognitive abilities are 
essentially rate-limited, demonstrating that 
even extraordinary hearing in the absence 
of typical human listening ability doesn’t 
get one very far! 

Humans can also hear without lis-
tening. For example, people with com-
promised cognitive abilities (perhaps sec-
ondary to brain trauma, birth defects, 
disease processes, etc) who possess normal 
hearing can provide an auditory brain-
stem response (ABR), an auditory steady 
state response (ASSR), and often acoustic 
reflexes—despite the absence of cognitive 
function. The ABR and ASSR will generally 
correlate very nicely with their actual hear-
ing ability (except in extraordinary cases 
such as auditory neuropathy spectrum 
disorders, etc), despite reduced, absent, or 
compromised cognitive function. 

However, when typical cognitive abili-
ties are engaged, humans with normal 
cognitive and normal hearing ability are 
remarkable at processing the tiniest bits 
of barely perceptible acoustic information 
into meaningful percepts, concepts, ideas, 
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Hearing is a sense; listening is a 

skill. Listening can be thought of 

as applying meaning to sound: 

allowing the brain to organize, 

establish vocabulary, develop 

receptive and expressive language, 

learn, and internalize concepts. 

Indeed, listening is where hearing 

meets brain. Extraordinary 

listening appears to be a uniquely 

human characteristic. This article 

demonstrates how “audition 

matters more as cognition 

declines, and cognition matters 

more as audition declines.”  
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things of less interest. Paying attention has 
everything to do with listening and cogni-
tion. Indeed, psychologist David Strayer, 
PhD, recently noted that “Attention is 
the Holy Grail,”1 while Beck2 reported 
“multi-tasking” is actually the “division of 
attention” and “where you attend is how 
you will do.”3 

Multi-tasking involves dividing a finite 
“attention reserve” into smaller pieces. 
Beck4 reported on the National Highway 
Traffic Safety Administration (2009) analy-
sis showing that 80% of all crashes involve 
“driver distraction” within 3 seconds of the 
crash, and the number-one distraction is 
(as anticipated) cell phone use (ie, multi-
tasking while driving). Ashcraft and Klein5 
report attention “implies withdrawal from 
some things in order to deal effectively 
with others.” They note attention is a pro-
cess that involves a finite commodity. 

Attention directs the cognitive system 
to focus effort on an external or inter-
nal matter of interest. Lunner, Rudner 
and Ronnberg6 indicated individual cogni-
tive processing resources and ability may 
significantly impact “listening success.” 
Craik7 reported that, even after audibility 
is restored via amplification, outcomes are 
generally dependent on the allocation of 
attentional processes.

For people with cognitive decline, their 
ability to attend to particular speech stim-
uli is reduced or impaired, or may be non-
existent, often leading to incorrect or erro-
neous conclusions about spoken words, 
meaning, and intention. When factors such 
as cognitive decline are combined with 
hearing loss, the outcome is worse than the 
additive sum of the two individual factors. 
The multiplication of antagonistic factors 
is referred to as “negative synergy.”8 Beck 
and Clark9 noted the relationship between 
audition and cognition is interdependent 
and symbiotic, stating “audition matters 
more as cognition declines, and cognition 
matters more as audition declines.”

Although hearing care professionals can 
make sounds louder and more accessible 
for people with elevated hearing thresh-
olds, we cannot actually change someone’s 
hearing ability. That is, we can supplement 
hearing through excellent and judicious 
use of hearing access technologies (hearing 
aids, FM systems, bone-anchored hear-
ing systems, cochlear implants, brain-stem 
implants, assistive listening devices, and 
more) and listening strategies. However, 
biologically driven hearing ability remains 

(ie, short-term) and long-term memory 
(at will) to enhance and supplement our 
knowledge and to better understand things 
occurring at every moment in time. 

Just as hearing without cognition pro-
duces only limited information, bottom-up 
processing without appropriate top-down 
processing, and top-down processing of 
incomplete bottom-up information, is inef-
ficient and highly erroneous.

Pediatric Brains and  
Cognitive Issues

In essence, we “hear” with the brain—
the ears are simply the conduit through 
which sound travels to access the brain. 
In that respect, hearing loss and poor 
acoustic environments prevent sound 
from reaching the brain. Indeed, favorable 
acoustic environments—like those with 
excellent signal-to-noise ratios (SNR) and 
complete speech audibility, with low or no 
reverberation—combined with excellent 
hearing access technologies (see above) 
enhance acoustic saliency by channeling 
and delivering complete words efficiently 
and effectively to the brain. When these 
processes happen “on schedule” with 
regard to typical milestone timelines, and 
when they happen “relatively early” (that 
is, when children with hearing loss are 
identified and treated in accordance with 
Joint Committee on Infant Hearing [JCIH] 
guidelines11), the significant educational, 
social, and psychological secondary nega-
tive effects of hearing loss (eg, language, 
reading, and academic difficulties) can be 
ameliorated.

Children are unable to listen like adults. 
Simply stated, when normal-hearing adults 
listen to sounds, the sounds enter an 
already developed brain with intact lan-
guage, vocabulary, cognition, and more. 
In comparison, even children with normal 
hearing have organic listening limitations 
in two primary ways: 

1)  The human auditory brain structure 
is not fully mature until approxi-
mately 15 years of age; thus, a child 
does not bring a complete neurologi-
cal system to a listening situation.12 

2)  Children do not have language and 
life experience that enables them to 
“fill-in-the-gaps” of missed or inferred 
information (called auditory/cognitive 
closure). Children require more com-
plete and detailed auditory informa-
tion than adults. Indeed, as compared 
to normal-hearing adults, all children 

essentially the same and returns to the 
“impaired” status once the sophisticated 
tools are removed. 

Improved listening skills remain useful 
as long as they are intentionally engaged. 
Listening is a cognitive skill built on learned 
behaviors and rewards. Psychologists have 
demonstrated that when people think 
about the meaning of new information, 
they’re much more likely to assimilate, 
learn, and remember more of it than is 
possible via rote memory or when only 
the physical properties of the same new 
information are processed. The cognitive 
process of elaborating on the meaning of 
new information is the very best learning 
strategy, and processing a new stimulus 
improves memory only when processing 
connects the new information to existing 
relevant knowledge.10 Therefore, listening 
skills (such as applying context and deriv-
ing meaning and analysis with respect to 
previously acquired knowledge) will likely 
enhance successful listening. 

All of this clearly argues for proac-
tive aural rehabilitation—learning to listen 
using a strategic approach—to enhance 
the acoustic environment and to apply 
active cognitive processes to the sounds 
perceived. 

Bottom-Up and Top-Down
Therefore, as hearing care profession-

als, we’re concerned with two comple-
mentary systems: specifically, bottom-up 
(ie, sensory) and top-down (ie, cognitive) 
processes. Bottom-up processes are sen-
sory input avenues, such as hearing and 
vision, tactile, smell, and taste. The goal 
of sensory systems is to perceive many of 
the physical cues around us and allow our 
central nervous systems to recognize and 
organize these cues  to make sense of the 
world around us. 

As humans, we are far from perfect in 
perceiving physical cues around us. For 
example, we cannot hear high frequen-
cies beyond 20,000 Hz, we cannot see 
infrared light, and we cannot sense radia-
tion, although these cues are all around 
us. Of course, with regard to hearing aid 
and other amplification systems, hearing 
care professionals directly supplement the 
bottom-up system.

Top-down processing depends on our 
cognitive abilities, the things we know 
about ourselves (ie, our cognitive self) and 
the world around us, our store of knowl-
edge, our ability to draw upon working 
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need a quieter listening environment 
and a louder primary signal to create 
new neural maps and to develop their 
brains. Children who are hearing 
impaired need an additional SNR of 
+10 to +15 dB.13

Brain development research shows 
that sensory stimulation of the auditory 
centers of the brain is critically important 
and, indeed, influences the actual organi-
zation of auditory brain pathways.12,14,15 
The fact is: the brain can only organize 
itself based on the bottom-up stimuli it 
receives. When complete acoustic events 
are received, the brain organizes itself 
accordingly. Conversely, when hearing 
loss filters speech sounds and prevents 
these same sounds from reaching audi-
tory centers within the brain, the brain 
organizes itself differently. Additionally, 
when the brain centers do not realize full 
and typical auditory sensations, auditory 
areas may be reassigned to visual pro-
cessing via neuroplasticity. As Doidge16 
points out:

“When we want to remember (or learn) 
something we have heard, we must hear 
it clearly because memory can be only 
as clear as its original signal…muddy in, 
muddy out.”16 

Incidental Learning and  
Distance Hearing

Incidental learning through “overhear-
ing” occurs when children listen to speech 
not directly addressed to them, yet they 
learn from it. Amazingly, very young chil-
dren learn approximately 90% of the infor-
mation they acquire incidentally. 

Of course, incidental learning can occur 
only if children have access to overhearing 
conversations that occur at a distance.17 
Unfortunately, without appropriate tech-
nology, children with hearing loss (even 
“minimal” hearing loss) have reduced 
incidental learning potential because 
they cannot receive and perceive intel-
ligible speech over distances, like those 
found in typical classrooms and homes. 
Reduced distance hearing poses substan-
tial obstacles to classroom (and other) 
performance, because distance hearing 
is necessary for casual and incidental 
acquisition of expressive and receptive 
language. Therefore, for children with 
hearing loss, their distance hearing abil-
ity must be extended as much as possible 
through hearing access technologies to 
capture the “free” auditory information 
that constantly surrounds them.

Auditory Feedback Loop
The “auditory feedback loop” is the 

process of self-monitoring and correct-
ing one’s own speech (output). Auditory 
feedback is of maximal importance for 
the attainment of auditory goals and to 
acquire and produce fluent speech.18 
Specifically, children must be able to 
hear their own speech clearly to produce 
clear speech sounds. Improving the per-
ceived SNR of the child’s own speech can 
boost the salience and accuracy of the 
speech signal. 

How Much Practice Does It  
Take to Learn to Listen?

When skills are mastered as close as 
possible to the time of “intended biologi-
cal pre-programming,” developmental syn-
chrony occurs.19 Children are organically 
receptive to developing specific skills dur-
ing certain times of development. Further, 
the brain requires many practice opportu-
nities to develop appropriate, intentional, 
and accurate neural connections through 
repeated exposure.20,21 “Experience depen-
dent plasticity” is a critical concept mean-
ing repeated auditory stimulation leads to 
stronger neural connections.22

The amount of practice required to 
continually wire and re-wire the brain 
for higher-order language skills and the 
acquisition of knowledge is enormous. 
Gladwell,23 Levitin,24 and others report 
10,000 hours of practice is needed to 
become an expert in a particular skill. 
Hart and Risley25 report  that, by the age 
of 4 years, typical children need to have 
heard 46 million words to be ready for 
school. Dehaene26 reports 20,000 hours 
of listening are necessary in infancy and 
early childhood as a basis for reading.

Summary
Hearing and listening are quite dif-

ferent. Hearing is essentially a passive 
bottom-up driven process; listening is a 
top-down process that requires attention, 
many repetitions of stimuli, and tremen-
dous cognitive coordination and effort. 
Hearing is a sense and listening is a learned 
skill. Listening experiences in infancy are 
the foundation upon which language and 
literacy and cognitive and psychological 
development occur. 

For cognitively healthy adults with 
hearing loss, we are less concerned with 
their top-down processing, as they already 
have intact language and cognitive skills. 
Thus, hearing care professionals gener-
ally provide rather straightforward hearing 

access technologies to make sounds more 
accessible for these individuals. 

However, for all children and for those 
adults with hearing loss and cognitive 
decline, it is of paramount importance to 
address the cognitive needs of the individ-
ual—in addition to hearing access tech-
nologies. Their knowledge of language 
and their listening and language skills 
may be absent or impaired, and learning 
to attend to and listen to the sounds heard 
is crucial.

One extraordinary closing thought to 
ponder is this: in 2011, when the decision 
has been made (by the parents, caregiver, 
etc) to provide hearing (auditory access to 
the brain) to a child who is deaf or hard of 
hearing, virtually any child with any degree 
of hearing loss can receive sound through 
one or more modern and advanced hearing 
access technologies. ◗

References
1.    Richtel M. Outdoors and out of reach, study-

ing the brain. New York Times. August 

15, 2010. Available at: http://www.nytimes.

com/2010/08/16/technology/16brain.html. 

Accessed January 19, 2011.

2.    Beck DL. Where you attend is how you will 

do. Paper presented at: California Academy 

of Audiology (CAA) annual meeting; October 

2010; San Francisco.

3.    Beck DL. Cognition and audition—Intro-

ductory concepts. Hearing Professional. 

2010;59(4):23-25. 

4.    Beck DL. Multitasking, cognition, and cell 

phone distractions. Available at: http://www.

audiology.org/news/Pages/20091214.aspx. 

Accessed January 19, 2010.

5.    Ashcraft MA, Klein R. Attention. In: Levitin DJ, 

ed. Foundations of Cognitive Psychology—

Core Readings. 2nd ed. Boston: Allyn and 

Bacon; 2011.

6.    Lunner Y, Rudner M, Ronnberg J. Cognition 

and hearing aids. Scand J Psychol. 

2009;50(5):395-403.

7.    Craik FIM. Commentary—The role of cogni-

tion in age-related hearing loss. J Am Acad 

Audiol. 2007;18:539-547.

8.   Schum DJ, Beck DL. Negative synergy—

Hearing loss and aging. Somerset, NJ: 

Oticon. Available at: http://www.oticonusa.

com/eprise/main/SiteGen/Uploads/Public/

Downloads_Oticon/Audiology_Online/

Negative_Synergy.pdf. Accessed January 

19, 2010.

9.   Beck DL, Clark JC. Audition matters more 

as cognition declines; cognition matters 

more as audition declines. Audiology Today. 

March/April 2009:48-59.

10.  Guenther RK. Memory. In: Levitin DJ, ed. 



FEBRUARY 2011          hearingreview.com      33

Foundations of Cognitive Psychology—Core 

Readings. 2nd ed. ISBN 9780205711475.

Boston: Allyn and Bacon; 2011.

11.  Joint Committee on Infant Hearing. Year 

2007 position statement: Principles and 

guidelines for early hearing detection 

and intervention programs. Pediatrics. 

2007;102(4):893-921.

12.  Chermak GD, Bellis JB, Musiek FE. 

Neurobiology, cognitive science, and inter-

vention. In: Chermak GD, Musiek FE, eds. 

Handbook of Central Auditory Processing 

Disorder: Comprehensive Intervention. Vol II. 

San Diego: Plural Publishing Inc; 2007:3-28.

13.  Smaldino JJ, Crandell CC. Classroom ampli-

fication technology: theory and practice. 

Language, Speech and Hearing Services in 

Schools. 2000;31(October):371-375. 

14.  Boothroyd A. Auditory development of the hear-

ing child. Scand Audiol Suppl. 1997;46:9-16.

15.  Berlin CI, Weyand TG. The Brain and 

Sensory Plasticity: Language Acquisition 

and Hearing. Clifton Park, NY: Thompson 

Delmar Learning; 2003.

16.  Doidge N. The BRAIN That Changes Itself. 

London: Penguin Books, Ltd; 2007:68.

17.  Cole EB, Flexer C. Children with Hearing Loss: 

Developing Listening and Talking, Birth to Six. 

2nd ed. San Diego: Plural Publishing; 2011.

18.  Perkell JS. Auditory feedback and speech 

production in cochlear implant users and 

speakers with typical hearing. Paper present-

ed at: 2008 Research Symposium of the AG 

Bell Association International Convention; 

June 29, 2008; Milwaukee.

19.  Robbins AM, Koch DB, Osberger MJ, 

Zimmerman-Philips S, Kishon-Rabin L. Effect 

of age at cochlear implantation on audi-

tory skill development in infants and tod-

dlers. Arch Otolaryngol-Head Neck Surg. 

2004;130(5):570-574.

20.  Pugh K. Neuroimaging studies of read-

ing and reading disability: establishing 

brain behavior relations. Paper presented 

at: Literacy and Language Conference; 

November 30, 2005; Speech, Language and 

Learning Center, Beth Israel Medical Center, 

New York.

21.  Pugh K, Sandak R, Frost SJ, et al. 

Neurobiological investigations of skilled and 

impaired reading. In: Dickinson D, Neuman 

S, eds. Handbook of Early Literacy Research. 

Vol 2. New York: Guilford; 2006.

22.  Moucha R, Kilgard MP. Cortical plastic-

ity and rehabilitation. Prog Brain Res. 

2006;157:111-122.

23.  Gladwell M. Outliers: The Story of Success. 

New York: Little, Brown and Co; 2008.

24.  Levitin DJ. This Is Your Brain on Music. New 

York: Penguin; 2006:197. 

25.  Hart B, Risley TR. The Social World of 

Children Learning to Talk. Baltimore: 

Brookes; 1999.

26.  Dehaene S. Reading in the Brain: The Science 

and Evolution of a Human Invention. New 

York: Penguin; 2009.

Correspondence can be addressed to HR or 
Douglas Beck, AuD, at dmb@oticonusa.com.

Reprinted with permission. 
“Listening Is Where Hearing Meets Brain...in Children and Adults”

The Hearing Review, February 2011; Volume 18, Number 2: Pages 30, 32, 33, 34, & 35.


