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APD means different
things to different people

(Jerger, 2009)

Central Auditory Processing
CAP HAERER

SERAERAHAERIELAR L AR EE ARV
BRIG - EICAPERILMEBMAZ 2
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CAPD results from deficits in the perceptual
processing of auditory stimuli in the CANS.

These neurobiological deficits manifest primely
(if not solely) in the auditory modality.

(ASHA, 2005)

British Society of Audiology
(BSA, 2011)

* A neurodevelopment disorder with a significant, dominant
cognitive influence.

» Lower cognitive performance tended to score lower on tests of
auditory perception

 Attention deficits tended to affect auditory test performance
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For what are we screening?

Benefit the individuals being examined

¥ B bR HERE 2 Should this individual be referred for a diagnostic
assessment?

Highlight concerns about a child

Provide a measure of impact in the quantified measures of
functional listening ability

Supplement and contextualize the behavioral findings after a
diagnostic assessment for CAPD has been completed

TRIERELHRER ?

“Generally have poor specificity, tend
to over-refer, and have not been
validated”

(AAA, 2010)

CAPD{T AR

Behavior characteristics

- FEESE - IR ELEEIRE FIEHEE Difficulty understanding spoken language in competing messages, noisy
orin

- 288 - 2R Misunderstanding messages

© B —HEREE orin

o WEHESREE > 8§ T48s 3 P Frequent requests for repetitions, saying “what” and “hun” frequently
- EOEEEEE TEERRMSMEE Taking longer to respond in oral communication situations
- EREIE Difficulty paying attention
« E5 51D Being easily distracted
- B{EMEMIEEIESEE# Difficulty following complex auditory directions or commands
« #IBFEHREH Difficulty localizing sound
- BB;RensyHEEEE Difficulty learning songs or nursery rhythms
. SRBRIELE " .
4R RIBHE S FFE Poor musical and singing skills (AAA,2010)

- B - HiFREBAEM Associated reading, spelling, and learning problems

AAA APD Consensus Conference recommended
“the development and validation of screening
questionnaires for school age children based on
accepted psychometric principles with clear defined
pass/refer criteria”

“A carefully constructed parent/caregiver
evaluation (e.g., a questionnaire) be a
sensitive screening instrument for CAPD

(BSA, 2011)

AN ELERBRIASHE ?
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.



WRIPLEERBERE ?

(ASHA, 1996)

BREMEIPHU Localization and lateralization

o 7EEEI YIRS RIR Performance with competing acoustic
signals

TEREBSEN SR P AYEE BRI Performance with degraded acoustic
signals

RBEOH

Auditory discrimination

The ability to analyze and extract fine acoustic differences

* Frequency * Amplitude ~ Time

2

© RENRE PTG RESER
SR RAHAED

SHOB  RE

- ¥HEE

TERRHE

CEESTES

Prosodies deficit

Using prosodic features of the signal

Predominantly right hemisphere function

Temporal patterning R R BUAE HIER

FERE - FRRATRID - MER - HUF - BEREE - TIRRIE
FIRIRERRR

BIMLEREMNTEEERK ?

Identify specific auditory deficits

EE& 5 ¥ Auditory discrimination

€ HRIE Binaural processing

f7 R Temporal processing

« B5ME R Temporal discrimination/ resolution
« B¥FEIER Temporal ordering

* BERE#5E Temporal integration

* BFRYE#K Temporal masking

B ERBERR

Auditory decoding deficit

» F=EEASH Auditory closure

» breakdown in the intrinsic redundancy of the CANS
« deficits in temporal processing

FII FA B P& A9 S 55 RIBR R AT A

Create secondary difficulties in communication skills

EFEINRERE (MRIREKE A1)

BAIRK

Integration deficit

.

Recognize and utilize multi sensory gestalt patterns quickly and
efficiently

Inefficient communication across the corpus callousness
Excessive left ear suppression on dichotic listening tests
Deficits in binaural separation or binaural integration tasks
Poor scores of pattern tests in verbal report condition only
BIERREES 78 - REE
FREBERFHZIENRERE  FHIRARSHRANRE
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Auditory tasks

« Activate auditory and nonauditory areas of the brain

o BIEER - BUTIER) - TFRIR B REREFE-

Core speech network

Intarcr fy ana

- o i
o Dorsepusial orat

? =
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) ] ) ‘ y
o (Y7o . (87 on
X
Cingulo-opercular Premotor Frontoparietal
performance monitoring  verbal memory attention

1TRRE

Behavioral response

o RUE--Ie5Y
o HI#--IRFE
RAIRENRE

o R 2R 1Q -~ BATIEE - BFE-

« BUT--BRREN

Ay

Comorbidity

Comorbidity is the result of the complex organization of the brain that
is temporally coupled across the cortex, modalities, and hemispheres.

The brain’s organization is predominantly non-modular and non-
exclusively segregated.

Neurons in so-called auditory areas may respond primarily, although
not exclusively to auditory stimuli.

Auditory neurons in the cerebrum exhibit interconnectedness with a
variety of neurons in other nonauditory areas of the brain, including the
lambic system, cingulate gurus, hippocampus, and the frontal lobe.

B SRS « FBE RBBINALRAMERE > FRIXFTRERRFEER
" BIFSEMERNER -

&S5 F = EY &

Difficulty hearing in noise

* SNHL
* ANSD
« CAPD
* A symptom of auditory closure deficit

* A dysfunction in the processes of binaural separation and
integration

* ADHD

* Aging

REIE

Auditory attention

B AERARE R BHE5

B R RANKE T
REBR \
. BRHIBIES

ADHD
ERNFRBDE

REMAREBHLENMEITRRER (Barkley,1998)
- BERITE 9.02% (RH51.62% 1EF:2H)

o RIRBITER4-12%

=FEEE!  EERE inattention - #BE) hyperactivity-&&) impulsivity
RRER

SR - ITRRIE  (DSM-5)

17532 E Behavioral regulation disorder

EfifiRgk Motivational deficit
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Learning Disability

* Many of the auditory responsive and interconnected areas RIFEB RSB E R SAMUZE -

support attention, executive control, and motor regulation and

are implicated in the underlying pathophysiology of ADHD. o BEIRTTACERENBEREESE  (Musiek, Gollegly & Baran,1984)
* The corpus callosum has been reported to be smaller in children o A Ch AR 24 AE AR 2 iy e mE L (L |\ 44 ThAE
with ADHD relative to normal Gontrols. Ef%ﬁ’:qﬂ’r[ﬁi.&%ﬁﬁﬂ’],Jmnllm B AR S ERIBEEC DA THAE
X

* Sowell et al. (2003) reported abnormal morphology and reduced . ) e s, .
size of the frontal cortices of children and adolescents with « RBRBER | BRERIENHMERENEHERRE)

ADHD.
- MRIEEEIE : UDRRADSHAOBHALRS - SISLERTE  ESIEMENER
7 EMEREHES S RMME -
L = :Am.»wvwmﬂwm-m
EE E gﬁiﬁ EEBEE& attention schiscaes: APD vs dysheca’ CHAPPS total scere)

Language Impairment & Reading Disorder

* There are no widely recognized “gold standards” for identifying

Auditory attention and/or memory

Pussod ul
Test Taniery
o
o

Reading
Disawdr

APD v dyatesin
N=2 stusies
= 47 chidren diagrored with APD
APO v, 581 T 38 chidren digrosed wih dysieca

e S stushes
Aaibteey Precessg i 116 ctikvon dagrored wih AFD
Dinoeder £ 116 chision dRgneses wih U

Auditory and vl lsmpord Spata processing dekcil
{USHS: Hgh-Cus SRT Spatil
AL
m
bl Laagisge
| Kool |

7

(aelRory and vsuial DPT) advartas and Tetal advareage)

b l’
“
APD v3. ADHO APDva LD
Hm 1 study 4= 1 sty
1 7 chikdren dingrosac with APD = 8 chiksron d9grosed wih APD

Sharma et al.2009 e 10 shikdran dlagnosed wih ADHD v 11 chidran dagrosed wih LD
( ) (De Wit et al., 2017)
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REREHERS APDQ ==

Auditory Processing Domains Questionnaire, APDQ (O’Hara & Me: : : £

+ O’Hara, 2006 _}L E; )

« BHATEE The Listening Questionnaire, TLQ :: “;z

- 520, 4DER u o
« Targeted Auditory Processing 18% (auditory decoding) ,‘.'i ; = :.
« Adjusted auditory processing 1338 ( 3 speech prosody & 5 auditory integration) g;: :;-" éj

« SEE 11088 (6% inattentive from DSM-1V) .., o ,:, .

- EETE (R  BIOBBRISRAN - BIEERER) B B

- 7178 RENHEIER i
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Fisher B2 & R EE R
Fisher’s Auditory Problems Checklist, 1976

25ERIEMBERI
- 13 [BEH s
c 5S-1IRRE

- ZEHEENMREFERNER

* 6 items removed (Tomblin,2014) co

Speech ard Lingannge probéems 20mazl

5 1

17, 18, aml 19

Anlitiey-visual sgrieson

T EEE

Numitar ot loms nct chocksd ____ x4 = _

Narmative data grade scors

WL Below Cut off Score 5D beiow mean

N Data for Fiaher's Auciiory Pretbents Crecdsl

o 29 RDEE

- BERBERNERRD

Sban

Total Group N=28 bk

Cut off Score Suggesting T20%
Neerd for Further € vatastion

SD = 10.2

O 50 Balow Group Mosn 60.¢%
Two SO Bakow Greup Mase: 504%
Trese SO Bakow Group Mosn 2%

e Assenaing APD using
Jack Katz's Chissification.

o 189 32-72%MREPHIREE LB 75% (Strange et al., 2009)

RERBRIAN DX &l
Children’s Auditory Performance Scale, CHAPS
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Fisher EEERBEHIZER
Fisher’s Auditory Problems Checklist, 1976

LEARGE 1308 S
Fishr's Audifory Problem Cheekist
“z #yl R o
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CHAPS

Children’s Auditory Performance Scale

B HATE ACHAPPS, Smoski 1987
HABEIHE, FRFFTHER
EEEZEACAPDER R ER

HRERRAERS B8 - RERZER multiple inputst&Fiiz THIIRE
1%

EELCIRIERF auditory memory sequencing

B8 T2 &M auditory attention span

B < -1

SERA

Multiple inputs
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o 1 Children's Auditory Processing Performance Scalo(CHAPPS}

REERREBE#EER

Children’s Children’s Home Inventory for Listening Difficulties, CHILD)

* Anderson and Smaldino, 2000

- 1578, 89 8%
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Screening Instrument for Targeting Educational Risk ,SIFER

Anderson,1989

HH15 &, FRESHER

M ZE BB class participation  7ZE#4T%4 school behavior

Pass ~ at risk/ marginal ~ fail

A3MENRA : ZF] - 2# ~ Secondary

) pmmun

samsmeus

=1

B academics * JEE A attention ~ 3838 communication

* MS=Mainstream School

CHAPPS scale sore

Owms

@Bsu Har0

Ideal

Quiet Nolse

Maltiple Attention Memory Total

HERBRER

Listening Inventory for Education-Revised ,LIFE-R

Anderson and Smaldino,1999

REAMRBAN
LTI

thiTuRRun

Student Appraisal of Listening Difficulty, 2011 T

Child self-report

1578 > 508K
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RERBREERIGGE

TAPS-R Evaluation of Children’s Listening and Processing Skills, ECLiPS

« Live-voice test (BEREBHER) Barry & Moore, 2014 (;/f B 3 [E)

- JEEITHARCIE auditory short-term memory £ T {E5C1E working
memory

13858, 6-115% parent-report measure

Speech & Auditory Processing
« 7{E B + Hyperactivity Index Scale Questionnaire

Memory & Attention
* Auditory Number Memory-Forward

Language, Literacy & Laterality
¢ Auditory Number Memory-Reversed

Pragmatic & Social Skills
« Auditory Sentence Memory

.

Environmental & Auditory Sensitivity
* Auditory Word Memory

BLHfthRIELER RBETRER

Scale of Auditory Behavior, SAB

TABLE 3. Companison of questionnaire scores (mean, S0, and range) in the study for the three groups of children with respect to the
0 growp

Mansrn ™ AP- AP F Tast, 0

Schow et al.,2007

2
.

1288, 59 2%
8-125E R E
463 BRBIZEE, KR 359

01 i%%ﬁﬁ¥ N E%‘\ N EB’% N Iigg N jﬁb%u%iat N %%}#1& . @Eggfg&
6.79,p <00t ;}}-‘i—%

.

ETEMAPA-2 (Multiple Auditory Processing Assessment-2)

(Barry et al., 2015)

BE/AEE TRBIRAEZERRRRIVARE

Subjectivity and biases

* Broad, unclear, misleading, or inappropriate nature of the

RRUZEERETA LIERCAPDENIZSE (Barry et al., 2015)
questions used (Schow & Seikel, 2007)

. ) ) ) ) Only weak to moderate relationships (Wilson et al., 2011; Tomlin
Estimates of severity are inherently imprecise et al., 2015)

« respondents’s personal interpretation of an item’s meaning

IREFEFNRESWARE - SERNBT/0FARBEZHE
[

FEHRE T RO R AR AT RIBR LS H R NS DD R SER BU AR RIER
FPT4ERA

« ability to reliably gauge severity

« possible desire for some sort of daignosis

AR RIIERIIE RS (Tomlin et al., 2015)
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Dichotic Listening Tests
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What is APD?

Dillon et al.(2012) argue that rather than defining a single disorder,
the term APD should be viewed as an umbrella term for a range of
different AP deficits that ultimately affect ability to understand spoken

language.
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Steven & Davis
1938 BE L\ EEXR

* The simultaneous stimulation of both ears, but with a different
stimulus in each ear

« Stimulus parameters: word length ~ familiarity  intelligibility

Kimura
1961

« Ear dominance effect

- e

AC - AC

2% )

it 5 2*\

o o o

~ 1 1
Left Right
Ear : Ear

Corpus Callosum

= =
» Trunk of the corpus callousm contains auditory fibers

* Spelenium

* Alinear increase in callosal area from 4 through 18 years of age
(Gieddet et al.,1996)

* Right hemisphere lesion (temporal lobe)

« Callosal lesions yield large intramural asymmetries in dichotic
performance

« Split-brain

« Multiple sclerosis

Broadbent

1954 HEEIMVBER

* Dichotic digit test
- RERIIENBRER  2ARUEE
- BILERERRETVE

Broadbent's Filter Model

inputs
Bensory
Stors.

== (|}

Why test Dichotic listening?

20%-50% of children referred for listening difficulties showed
deficits on dichotic tests (Moncrieff, 2006)

Significant correlation between dichotic processing and learning
disabilities (Ayres, 1977)

Reading disabilities

Older adults
* 30% show a dichotic processing issue (Weighing et al.,2006)

* Decline in left ear performance with age

Paradoxical ipsilateral extinction
Spark et al., 1970

« Dichotic performance is worse in the ear ipsilateral to the cortical
lesion

MG NEMISPHERE LESIN




Frontal Lobe

« Left frontal lobe lesion
« Inhibitory feedback system

Frontal lobe i

" g ,

impuise contrsf

Binaural interference

« A patient performs better with one ear amplified than two (Jerger
et al., 1993)

* It is estimated approximately 6% of older adults experience
binaural interference (Allen et al., 2000)

Binaural Separation

» Attending to only a single ear and repeating back what is heard
while ignoring the other ear

« Directed attention, directed report

* Forced left (FL) or Forced right (FR)

Modulating attention
EENME

» Cognitive control abilities

» Executive function

Binaural integration

» Attending and repeating back both left and right ear dichotic
stimuli

* Free recall, free report

* Divided attention, non forced (NF) attention

What happens during the left ear directed-attention task?

» Cognitive conflict
FL condtion

* Reaction time o

FL vainkeg group NF raiing group

2

ok I

Mean comect respontes




Normal maturational time course

« Adult like performance usually is not seen until 10 years of age

Dichotic Digits Tests
(Musiek, 1983)

« 50 dB sensation level (SL) or MCL

+ ERRABAEES0%MIEHRR
c BEEHPERERAITREES0%IERE
 Sensitivity : 70-90%

« Specificity : 80-90%

EREER aWMER

j SCH | N ) NN | -

(B3R5 B 5 IR

Staggered Spondaic Word Test (Katz, "~

* A measure of binaural integration

Verbal response mode e
Two different spondees are presented to each ear, one spondee
occurs first and the other spondee overlaps in time with the
second syllable of the first spondee

A total of 40 spondee pairs

Generally recommended presented at 50 dB SL re: PTA or SRT

EHRMA-FRIEE

Dichotic Digits Test (Musiek, 1983)

Two separate digit pairs are presented simultaneously to the ears

Typically employs a verbal report mode

Patients are asked to repeat all four digits

Are encouraged to guess even if they are not completely sure of all
numbers heard

Three practice trials / 20 test trials

Generally recommended presented at 50 dB SL re: PTA or SRT

It can be presented at MCL / intramural presentation levels are
within 5-10 dB

DD &t 59154

Musiek et al., 1991

HEHS

RRIE  E-EREEERR

BIBIEN ERNM AR EHTE0% ERE
WEEEEENA R ASE0% ERE

Sensitivity 70%-90%, specificity 80%-90% (Hurley & Musiek,
1997)

.

May be more dependent on working memory than some other
dichotic tests

SSW st 1E#E

R EA-EEENR D AR

HENHFRZERALEELER : BEBENEENRAEESL
H90% - HE88%MIEMR

ROHAFE  RE—AFURE—EAFBREFRER

o fHiR reversal : 4EFHHRLR (AIUF—EIES) - BUE
RHREER R

» RIEf452D corrected errors : B3R GRD HEFAPIAAD
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Dichotic Sentence Identification (Fifer et al., 1983)

A nonverbal response mode

Two separate sentences are presented to each ear that are several orders
of approximation away from conversational English.

The sentences are printed on a response board next to a number, and the
patient’s task is to indicate which numbers correspond to the two
sentences they heard. (Binaural integration)

Onsets and offsets of the two sentences are aligned with an accuracy of
100 sec

Each sentence pair is randomly chosen from among the 10 seven-word,
third-order synthetic sentences
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Third-order synthetic sentences

Table 1. The 10 third-order synthetic sentences used in the DSI test
DSI Synthetic Sentences

Small boat with a picture has become
Built the government with the force almost
Go change your car color is red

Forward march said the boy had a

March around without a care in your

That neighbor who said business is better
Battie cry and be better than ever

Down by the time is real enough

Agree with him only to find out

Women view men with green paper should
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Interpretation

Comparing binaural integration and binaural separation response
modes can yield information regarding which mechanisms are
contributing to an interaural asymmetry on dichotic testing

* Speech understanding ability (SU)

« Left ear deficit (LED)

« Task demands (TD): increased cognitive demands ( greater
attention)

* Interaction effect (IE)

DSI

Go change your car color is red ]

[!an:h around without a care in your

Figure 1, Schemalic representation of the test paradigm
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Minimally affected by peripheral hearing loss

WMNRITEEEZAIS binaural seperation mode (Jerger et
al.,1994)

Generally recommended presented at 50 dB HL or 50 SL re: PTA

10 monaural practice trials, a total of 5 in each ear and 20
dichotically presented trials

16% Interaural difference

Development of new Dichotic Tests
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« Interaural difference may controls for some within subjects variables

« Not control for any interactive effects between cognition and central
auditory dysfunction

Ceiling effects can be reduced by using dichotic filtered words



Threshold of interference
Bergman et al., 1987

* Using sentence-level dichotic materials
« Attended ear use 20 dB SL re: sentence threshold
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¢ Much smaller in individuals with lesions of the central nervous
system
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