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M
easuring A

udio Q
uality 

M
ean Squared Error 

 O
bjective 

 N
ot realistic (phase changes) 

 M
ean O

pinion Score 

 U
ses hum

an scorers 

 Expensive 

 PESQ
 

 M
odels that approxim

ate hum
an listeners 

M
O

S 
Q

uality 
Im

pairm
ent 
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E

xcellent 
Im

perceptible 

4 
G
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P

erceptible but not annoying 

3 
Fair 

S
lightly annoying 

2 
P

oor 
A
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1 
B

ad 
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A
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O
bservation 

“Som
e listeners claim

 a subjective 
im

provem
ent from

 noise reduction,  
 yet, it has not been show

n to 
im

prove speech intelligibility, often 
even m

aking it w
orse.” 

   W
hy? 

  S
aram

palis, K
alluri, E

dw
ards, and H

after. Journal of S
peech, Language, and H

earing R
esearch. Vol. 30, pp. 1230-1240. 
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M
easures of Listening E

ffort 

Self-reported M
easures of Effort, Fatigue or Stress 

C
ognitive-B

ehavioral M
easures 

• W
orking m

em
ory 

• A
ttention 

• S
peed of processing 

Physiological M
easures 

• M
E

G
 and E

R
P (am

plitude of P
3a) 

• A
lpha pow

er in E
E

G
 (higher pow

er 8-13H
z) 

• fM
R

I (frontal regions show
 higher B

O
LD

) 
• P

upil responses  
(peak size bigger under load) 

• C
ardiac responses  

(low
er variability in rate) 

• S
kin conductance  

(increase indicates increasing dem
and) 

• H
orm

onal R
esponses 

  http://jslhr.pubs.asha.org/article.aspx?articleid=2442495 
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  S

aram
palis, K

alluri, E
dw

ards, and H
after. Journal of S

peech, Language, and H
earing R

esearch. Vol. 30, pp. 1230-1240. 

C
ore Ideas 

ObjectiveMeasuresofListening
Effort:EffectsofBackground

Noise
and

NoiseReduction

Purpose:Thisw
ork

isaim
ed

ataddressing
a
seem

ing
contradiction

related
to

the
use

ofnoise-reduction
(N

R)algorithm
sin

hearing
aids.The

problem
isthatalthough

som
e

listenersclaim
a
subjective

im
provem

entfrom
N
R,ithasnotbeen

show
n
to

im
prove

speech
intelligibility,often

even
m
aking

itw
orse.

Method:To
addressthis,the

hypothesistested
here

isthatthe
positive

effectsof
N
R
m
ightbe

to
reduce

cognitive
effortdirected

tow
ard

speech
reception,m

aking
it

available
forothertasks.N

orm
al-hearing

individualsparticipated
in

2
dual-task

experim
ents,in

w
hich

1
task

w
asto

reportsentencesorw
ordsin

noise
setto

various
signal-to-noise

ratios.Secondary
tasksinvolved

eitherholding
w
ordsin

short-term
m
em

ory
orresponding

in
a
com

plex
visualreaction-tim

e
task.

Results:A
tlow

valuesofsignal-to-noise
ratio,although

N
R
had

no
positive

effecton
speech

reception
thresholds,itled

to
betterperform

anceon
thew

ord-m
em

orytaskand
quickerresponsesin

visualreaction
tim

es.
Conclusions:Resultsfrom

both
dualtaskssupportthe

hypothesisthatN
R
reduces

listening
effortand

freesup
cognitive

resourcesforothertasks.Future
hearing

aid
research

should
incorporate

objective
m
easurem

entsofcognitive
benefits.

H
earing-im

paired
(H

I)
listeners,despite

understanding
speech

in
quietalm

ostas
w
ellas

norm
al-hearing

(N
H
)listeners,have

great
difficulties

w
hen

speech
is

presented
in

background
noise

(e.g.,
P
lom

p,1994).T
his

is
true

even
w
hen

am
plification

is
provided

by
m
eans

of
a
hearing

aid
such

that
the

speech
is

w
ithin

the
range

of
audibility;

this
problem

is
a
w
idely

reported
reason

for
hearing

aid
ow

ners
to

stop
using

their
devices

(K
ochkin,2000).F

urtherm
ore,this

difficulty
becom

es
m
ore

pronounced
as

the
degree

ofhearing
loss

increases
(K

illion,1997).
A
dvances

in
digital

hearing
aid

technology
have

allow
ed

the
w
ide-

spread
use

of
signal

processing
algorithm

s
such

as
spectral

feature
en-

hancem
ent,m

ultiband
com

pression,directionalm
icrophones,and

noise
reduction

(N
R
),m

ainly
w
ith

the
aim

ofim
proving

speech
intelligibility,

particularly
in

adverse
listening

conditions.T
he

benefits,or
lack

thereof,
ofthese

algorithm
son

speech
intelligibility

are,understandably,w
elldoc-

um
ented

(e.g.,D
illon

&
L
ovegrove,1993;H

ickson,1994;L
evitt,N

eum
an,

M
ills,&

Schw
ander,1986;R

icketts,L
indley,&

H
enry,2001).O

bjective
m
easurem

ents
ofbenefits

beyond
those

seen
w
ith

speech
tests,how

ever,
are

notso
prevalent.In

particular,N
R
algorithm

s,w
hich

w
illbe

the
m
ain

focus
here,aim

to
counteractthe

effects
ofnoise

on
speech

perception
and

sound
quality

by
im

proving
the

signal-to-noise
ratio

(SN
R
).

T
hese

al-
gorithm

s
exist

in
m
any

form
s,but

in
general,they

allw
ork

by
adjusting
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ofCalifornia
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E
phraim

 and M
alah S

peech E
nhancem

ent 
 

S
ignal + N

oise 

S
ignal 

N
oise floor estim

ate (to be subtracted) 

Issues: H
ard to estim

ate floor, reconstruction errors 
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D
ual Task 

Evaluate perform
ance w

ith shared resource 

P
erform

ance Task 1 

Performance Task 2 
Independent tasks 

S
hared resource 
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Test #1 – M
em

ory for low
/high context w

ords 

Speech Perception in N
oise (SPIN

) sentences 
• H

igh context: “A chim
panzee is an ape.” 

• Low
 context: “S

he m
ight have discussed the ape.”  

Processing 
• +/- 2dB

 S
N

R
 (4 speaker babble) 

• E
phraim

-M
alah N

R
 algorithm

  

Prim
ary task 

• R
epeat last w

ord of sentence 

Secondary task 
• R

ecall last 8 answ
ers 

  S
aram

palis, K
alluri, E

dw
ards, and H

after. Journal of S
peech, Language, and H

earing R
esearch. Vol. 30, pp. 1230-1240. 
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  S

aram
palis, K

alluri, E
dw

ards, and H
after. Journal of S

peech, Language, and H
earing R

esearch. Vol. 30, pp. 1230-1240. 

Test #1 – P
rim

ary Task - Intelligibility 

processing,and
context

as
factors.T

he
three-w

ay
inter-

action
w
as

not
significant.

F
rom

the
three

tw
o-w

ay
interactions,only

the
SN

R
×
P
rocessing

interaction
w
as

significant,F
(1,24)=

20.48,M
S
e =

109.52,p
<
.05.F

our
planned

com
parisons

w
ere

perform
ed

betw
een

condi-
tions

w
ith

and
w
ithout

N
R
,one

for
each

SN
R
and

w
ord

type.
N
o

significant
differences

w
ere

found
betw

een
perform

ance
w
ith

the
N
R
algorithm

forthe
2-dB

SN
R
for

either
type

ofw
ord.O

n
the

other
hand,w

ith
an

SN
R
of

–2
dB

,perform
ance

w
as

significantly
better

w
ithoutthe

N
R
w
ith

both
high-and

no-context
w
ords,t(24)=

2.147,
p
<
.05

and
t(24)

=
3.058,p

<
.005,respectively.T

hese
results

w
ere

notunexpected.A
s
previously

stated,N
R
al-

gorithm
s
do

notim
prove

speech
understanding,and

care
m
ustbe

taken
in

theirdesign
to

ensure
thatthey

im
prove

sound
quality

w
hile

notdecreasing
speech

intelligibility.
F
igure

2
show

s
m
ean

recallperform
ance

as
a
func-

tion
of

SN
R
.
T
he

plots
are

organized
as

in
F
igure

1.
O
verall,recall

w
as

better
for

high-context
than

for
no-

contextw
ords.T

his
w
as

true
for

sentences
presented

in
quiet

and
in

noise.
W
ith

no-context
w
ords,

recall
per-

form
ance

in
quiet

w
as

approxim
ately

60%
correct

and
fellin

the
presence

ofnoise.W
hatis

m
ore,a

drop
in

SN
R

of4
dB

resulted
in

a
furtherdrop

in
recallperform

ance
of

approxim
ately

5–8
percentage

points.T
here

w
as

little
effect

ofN
R
on

recallperform
ance,w

ith
a
sm

allbenefit
ofprocessing

atthe
2-dB

SN
R
.W

ith
high-contextw

ords,
the

resultsw
ere

qualitatively
different.In

the
absence

of
N
R
processing,perform

ance
fellw

ith
the

introduction
of

noise
and

w
ith

a
decrease

in
SN

R
,by

an
am

ount
that

w
as

sim
ilar

to
that

seen
w
ith

unprocessed
no-context

sentences.O
n
the

other
hand,w

ith
N
R
processing,per-

form
ance

did
notvary

w
ith

SN
R
and,atthe

low
er

SN
R
,

w
as

5
percentage

points
higher

than
in

the
unprocessed

condition.A
three-w

ay
repeated-m

easures
A
N
O
VA

w
as

perform
ed

on
the

recalldata,w
ith

SN
R
,processing,and

type
of

w
ord

as
factors.In

this
case,the

three-w
ay

in-
teraction

w
as

significant,F
(1,24)

=
15.125,M

S
e
=
78,

p
<
.05,

suggesting
that

the
effects

of
processing

w
ere

differentfor
the

tw
o
types

ofw
ords

and
tw

o
SN

R
s.F

our
planned

com
parisons

betw
een

scores
w
ith

and
w
ithout

N
R
w
ere

perform
ed,one

foreach
SN

R
and

w
ord

type.N
o

significantchange
in

perform
ance

w
as

seen
w
ith

N
R
for

the
tw

o
SN

R
s
w
ith

no-context
w
ords.Sim

ilarly,no
sig-

nificantchange
w
as

seen
w
ith

the
high-contextw

ords
at

the
2-dB

SN
R
.H

ow
ever,recallperform

ance
w
as

signif-
icantly

betterw
ith

N
R
than

w
ithoutN

R
fora

–2-dB
SN

R
w
ith

the
high-context

w
ords,t(24)=

2.362,p
<
.05.

In
order

to
assess

how
rehearsalw

as
affected

by
the

presence
ofnoise

and
N
R
,the

m
ean

recallscoresw
ere

re-
plotted

as
a
function

ofw
ord

position
(the

position
in

the
eight-item

list
of

to-be-rem
em

bered
w
ords).W

hen
free

recall
data

are
plotted

in
this

w
ay,

tw
o
effects

usually
appear.T

he
first

is
better

perform
ance

for
the

item
s
at

the
end

ofthe
block

(recency
effect).T

he
second

effect
is

increased
recall

for
the

first
few

item
s
in

the
list

(pri-
m
acy

effect).A
ccording

to
A
tkinson

and
Shiffrin

(1968),
the

prim
acy

effectcan
be

explained
by

assum
ing

thatthe

Figure1.Speech
intelligibility

as
a
function

ofsignal-to-noise
ratio

(SN
R),averaged

across
25

listeners
in

Experim
ent1.The

left
and

rightpanels
show

perform
ance

form
aterialhaving

contextualinform
ation

and
form

ateriallacking
contextualinform

ation,
respectively.Data

w
ith

noise
reduction

(N
R)processing

are
plotted

w
ith

filled
sym

bols,and
those

w
ithoutN

R
processing

are
plotted

w
ith

open
sym

bols.The
errorbars

denote
1
standard

errorofthe
m
ean

(SEM
).Sarampalisetal.:N

oise
Reduction

and
Listening

Effort
1233

D
ow

nloaded From
: http://jslhr.pubs.asha.org/ by a R

eadC
ube U

ser  on 04/22/2016
Term

s of U
se: http://pubs.asha.org/ss/rights_and_perm

issions.aspx

W
ith context 

N
ot a significant 

im
provem

ent 



11 
  S

aram
palis, K

alluri, E
dw

ards, and H
after. Journal of S

peech, Language, and H
earing R

esearch. Vol. 30, pp. 1230-1240. 

Test #1 – S
econdary Task - R

ecall 

first
few

item
s
in

the
list

receive
m
ore

rehearsal
than

lateronesand
are

encoded
in

long-term
m
em

ory.F
igure

3
show

s
m
ean

recall
perform

ance
as

a
function

of
w
ord

position.
E
ach

plot
show

s
data

for
one

type
of

w
ord,

w
hereas

the
param

eter
is

presence
ofnoise

and
N
R
.A

ll
ofthe

curves
in

the
tw

o
plots

show
a
very

clear
recency

effect,w
ith

perform
ance

close
to

100%
for

the
last

item

and
little

difference
betw

een
conditions.

T
his

w
as

ex-
pected,

as
the

recency
effect

is
generally

thought
to

reflect
short-term

storage
capacity

(G
lanzer

&
C
unitz,

1966)
and

is
largely

unaffected
by

changes
in

task
de-

m
ands.O

n
the

other
hand,the

size
ofthe

prim
acy

effect
w
as

highly
variable

across
conditions.W

ith
no-context

w
ords,the

effect
w
as

absent
w
hen

the
sentences

w
ere

Figure3.
Free

recallperform
ance

in
Experim

ent1,as
a
function

ofw
ord

position,averaged
across

25
listeners.The

leftand
right

panelsshow
perform

ance
forsentencesw

ith
and

w
ithoutcontext,respectively.The

param
eterispresence

ofnoise
and

N
R
processing.

Figure2.
See

caption
in

Figure
1,butthis

figure
illustrates

free
recallperform

ance.

1234
JournalofSpeech,Language,and

Hearing
Research

•
Vol.52

•
1230–1240

•
O
ctober

2009

D
ow

nloaded From
: http://jslhr.pubs.asha.org/ by a R

eadC
ube U

ser  on 04/22/2016
Term

s of U
se: http://pubs.asha.org/ss/rights_and_perm

issions.aspx

B
arely significant  

(but im
portant!!!) 

N
o difference 
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Test #1 – W
ord R

ecall (repeat latest, versus m
em

ory) 

S
aram

palis, K
alluri, E

dw
ards, and H

after. Journal of S
peech, Language, and H

earing R
esearch. Vol. 30, pp. 1230-1240. 

first
few

item
s
in

the
list

receive
m
ore

rehearsal
than

lateronesand
are

encoded
in

long-term
m
em

ory.F
igure

3
show

s
m
ean

recall
perform

ance
as

a
function

of
w
ord

position.
E
ach

plot
show

s
data

for
one

type
of

w
ord,

w
hereas

the
param

eter
is

presence
ofnoise

and
N
R
.A

ll
ofthe

curves
in

the
tw

o
plots

show
a
very

clear
recency

effect,w
ith

perform
ance

close
to

100%
for

the
last

item

and
little

difference
betw

een
conditions.

T
his

w
as

ex-
pected,

as
the

recency
effect

is
generally

thought
to

reflect
short-term

storage
capacity

(G
lanzer

&
C
unitz,

1966)
and

is
largely

unaffected
by

changes
in

task
de-

m
ands.O

n
the

other
hand,the

size
ofthe

prim
acy

effect
w
as

highly
variable

across
conditions.W

ith
no-context

w
ords,the

effect
w
as

absent
w
hen

the
sentences

w
ere

Figure3.
Free

recallperform
ance

in
Experim

ent1,as
a
function

ofw
ord

position,averaged
across

25
listeners.The

leftand
right

panelsshow
perform

ance
forsentencesw

ith
and

w
ithoutcontext,respectively.The

param
eterispresence

ofnoise
and

N
R
processing.

Figure2.
See

caption
in

Figure
1,butthis

figure
illustrates

free
recallperform

ance.

1234
JournalofSpeech,Language,and

H
earing

Research
•

Vol.52
•

1230–1240
•

O
ctober

2009

D
ow

nloaded From
: http://jslhr.pubs.asha.org/ by a R

eadC
ube U

ser  on 04/22/2016
Term

s of U
se: http://pubs.asha.org/ss/rights_and_perm

issions.aspx

R
ecency E

ffect 
(S

hort-term
 m

em
ory) 

P
rim

acy E
ffect 

(C
ognitive) 

S
ignificant 

im
provem

ent 
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Test #1 – C
onclusions 

“W
hen context inform

ation w
as available, rehearsal w

as facilitated 
by providing N

R
 processing, at least at the low

est SN
R

 tested 
here.” 

  S
aram

palis, K
alluri, E

dw
ards, and H

after. Journal of S
peech, Language, and H

earing R
esearch. Vol. 30, pp. 1230-1240. 

first
few

item
s
in

the
list

receive
m
ore

rehearsal
than

lateronesand
are

encoded
in

long-term
m
em

ory.F
igure

3
show

s
m
ean

recall
perform

ance
as

a
function

of
w
ord

position.
E
ach

plot
show

s
data

for
one

type
of

w
ord,

w
hereas

the
param

eter
is

presence
ofnoise

and
N
R
.A

ll
ofthe

curves
in

the
tw

o
plots

show
a
very

clear
recency

effect,w
ith

perform
ance

close
to

100%
for

the
last

item

and
little

difference
betw

een
conditions.

T
his

w
as

ex-
pected,

as
the

recency
effect

is
generally

thought
to

reflect
short-term

storage
capacity

(G
lanzer

&
C
unitz,

1966)
and

is
largely

unaffected
by

changes
in

task
de-

m
ands.O

n
the

other
hand,the

size
ofthe

prim
acy

effect
w
as

highly
variable

across
conditions.W

ith
no-context

w
ords,the

effect
w
as

absent
w
hen

the
sentences

w
ere

Figure3.
Free

recallperform
ance

in
Experim

ent1,as
a
function

ofw
ord

position,averaged
across

25
listeners.The

leftand
right

panelsshow
perform

ance
forsentencesw

ith
and

w
ithoutcontext,respectively.The

param
eterispresence

ofnoise
and

N
R
processing.

Figure2.
See

caption
in

Figure
1,butthis

figure
illustrates

free
recallperform

ance.
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JournalofSpeech,Language,and
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O
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issions.aspx
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 Test #2 – W
ords vs. Visual R

esponse 

IEEE sentences 
• “The fruit peel w

as cut in thick slices.” 

Processing 
• -6, -2, +2 dB

 S
N

R
 (4-speaker babble) 

• E
phraim

-M
alah N

R
 algorithm

  

Prim
ary task 

• R
epeat entire sentence 

• S
core accuracy of repetition 

Secondary task 
• Type digit appearing in one of tw

o boxes. 
• U

ncorrelated appearance tim
e 

• M
easure reaction tim

e 

 S
aram

palis, K
alluri, E

dw
ards, and H

after. Journal of S
peech, Language, and H

earing R
esearch. Vol. 30, pp. 1230-1240. 
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articlesw
ere

considered
keyw

ords.T
he

participantsw
ere

instructed
to

do
both

the
auditory

and
the

visual
task

sim
ultaneously,paying

equalam
ounts

ofattention
to

the
tw

o.Tw
o
blocksof25

sentencesw
ere

presented
foreach

of
the

seven
experim

entalconditions.T
he

experim
entalcon-

ditions
w
ere

random
ized

in
order.P

rior
to

data
collection,

listeners
practiced

the
tw

o
tasks,both

individually
and

sim
ultaneously

until
they

reported
being

com
fortable

w
ith

them
.A

n
experim

enter,seated
outside

the
sound-

proofcham
ber,scored

the
participants’responses

to
the

sentences.

Results
F
igure

4
show

s
m
ean

speech
intelligibility

and
re-

action
tim

e
perform

ance
(left

and
right

panel,
respec-

tively)
as

a
function
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onclusions 
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M
em

ory M
odel 
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Figure 
1. A

 
sim

ple 
flow

 
diagram

 
show

ing 
inform

ation 
in 

short-term
  

(“prim
ary”) m

em
ory being transferred to long-term

 (“secondary”) m
em

ory 
via rehearsal. If not successfully transferred, the m

aterial w
ill be forgotten.  

(From
 

N
. 

C
. 

W
augh 

&
 

D
.A

. 
N

orm
an 

(1965), 
Psychological 

Review
, 

72, Figure 2, pg. 93. Reproduced w
ith perm

ission from
 the A

m
erican 

Psychological A
ssociation.)



19 

P
hysiological Factors 

  M
acK

ersie and C
aleron-M

oultrei. E
ar and H

earing, Vol. 37, pp. 118S
-125S
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Fig. 2. M
ean high-frequency heart rate variability (H

F-H
RV; left) and skin 

conductance (right) for baseline conditions and sentence repetition condi-
tions for sentences presented at norm

al and fast speaking rates. The error 
bars denote ± 1 SE.
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A
ge D

ifferences 

Younger listeners have m
ore cognitive capacity? 

• S
im

ilar w
ord accuracy 

• D
ifferent secondary task perform

ance 

  S
om

m
ers and P

helps. E
ar and H

earing, Vol. 37, pp. 62S
-68S

. 
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Fig. 2. N
um

ber of w
ords recalled for younger (left panel) and older (right panel) adults in each of the three test positions (one-, tw

o-back, and three-back). 
Error bars represent standard errors of the m

ean.

Young had 
better 

perform
ance 

w
ith Visual 
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E
ase of Language U

nderstanding 

U
nderstanding Language 

• S
om

e is easy (im
plicit) 

• S
om

e is hard (effortful) 

A
uditory Stream

 A
nalysis 

• A
dds effort 

  E
dw

ards. E
ar and H

earing, vol. 37, pp. 85S
-91S

, 2016. 
C

opyright ©
 2016 W

olters K
luw

er H
ealth, Inc. U

nauthorized reproduction of this article is prohibited.
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Fig. 2. A
 hybrid auditory scene analysis (A

SA
) and Ease of Language U

nderstanding (ELU
) m

odel, based on the ELU
 m

odel (Rönnberg et al. 2008). The new
 

additions are the A
SA

 &
 A

ttention m
odule, and the arrow

 point to it from
 the Explicit Processing m

odule. C
ognitive effort is exerted w

ithin the A
SA

 &
 A

ttention 
m

odule and the Explicit Processing m
odule.
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ar and H
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C
apacity M

odel of A
ttention 
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15S

Fig. 1. Interpretation of Kahnem
an’s (1973) C

apacity M
odel for A

ttention in relation to listening effort and fatigue. A
, Kahnem

an’s C
apacity M

odel of A
ttention 

(borrow
ed w

ith perm
ission from

 Kahnem
an 1973, Figure 1.2, pp. 10). B, O

ur interpretation of Kahnem
an’s (1973) m

odel in relation to effortful listening.  
B preserves the original com

ponent from
 A

 show
ing available cognitive capacity varying w

ith arousal (colored light green). A
lso preserved are the core evalu-

ation com
ponents show

n in yellow
: the evaluation of dem

ands on capacity, the allocation policy, and the possible activities to w
hich capacity is allocated. 

The tw
o bubbles colored yellow

 are adapted from
 Kahnem

an’s Figure 3.3 (1973, pp. 36) in w
hich he introduces these com

ponents to show
 the effects of high 

and low
 arousal on attention and perform

ance. W
e have added (dis)pleasure to these tw

o bubbles. W
e have also changed his w

ord “interfere” to “influence” 
because fatigue and (dis)pleasure can influence the evaluation of perform

ance w
ithout being the results of perform

ance. For exam
ple, som

e current m
odels 

(e.g., H
ockey 2013) suggest that the subjective (unpleasant) experience of fatigue m

ay actually be a trigger that encourages the individual to evaluate the 
benefits of successful perform

ance relative to the effort required to achieve, or m
aintain, that perform

ance. Sim
ilarly, (dis)pleasure can predispose effort insofar 

as pleasure in anticipation of and during perform
ing a task can be m

otivating (M
atthen 2016, this issue, pp. 28S–34S). Salm

on-colored boxes include direct 
inputs to the allocation policy or indirect inputs via the cognitive capacity com

ponent. The original label “enduring dispositions” has been replaced w
ith 

“autom
atic attention,” “m

om
entary intentions” w

ith “intentional attention,” and “m
iscellaneous determ

inants” w
ith “input-related dem

ands.” The exam
ples for 

the tw
o attention com

ponents are the sam
e as those provided by Kahnem

an (1973). The exam
ples for input-related dem

ands are an elaboration of Kahnem
an’s 

exam
ple of “intense stim

ulation” (1973; Figure 2.2, pp. 18) and are tailored to stim
ulus, individual, and environm

ental factors pertinent to effortful listen-
ing. Blue-colored boxes are for responses or outputs from

 Kahnem
an’s m

odel. W
e have replaced “m

iscellaneous m
anifestations of arousal” w

ith “autom
atic 

arousal responses,” but the exam
ples are consistent w

ith those of Kahnem
an’s (1973, Figure 2.2, pp. 18). W

here the original Kahnem
an (1973) m

odel sim
ply 

indicates “responses,” w
e have elaborated these and renam

ed the com
ponent of the m

odel “attention-related responses.”
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H
orm

onal Indications 
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C
onation 
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N
eed for A

id 

“Patients w
ho are hard of hearing do not prim

arily seek hearing 
help because they have noticed poorer audibility of soft sounds, 
but instead they com

plain about an inability to function in 
com

plex everyday acoustical environm
ents and dem

anding 
listening situations.”  

  “They com
plain of poorer environm

ental aw
areness, inability to 

distinguish different talkers in group conversations, and 
increased listening effort and fatigue from

 extended 
com

m
unication interactions.” 

   E
dw

ards. E
ar and H

earing, vol. 37, pp. 85S
-91S

, 2016. 
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C
onclusions 

“Furtherm
ore, these results suggest that the benefit of using a 

digital N
R

 algorithm
 is not in m

aking speech m
ore intelligible but, 

rather, in reducing the cognitive effort involved in the task. This 
can be seen as an im

provem
ent in perform

ance in a sim
ultaneous 

task.” 

Intelligibility? 
Listening 
E

ffort? 
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S
um

m
ary 

M
ean-squared Errors 

 Perceptual 
• M

O
S

 
• A

rticulation Index 
– Fletcher->A

llen 

 C
ognitive 

• C
om

prehension 
– M

ach1(From
 Interval)) 

• Listening E
ffort 
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