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Hift4£1Z(Cochlear nucleus, CN)
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PiEIRE 2 CANSRIZE R

»Human auditory maturation can be
studied at three levels: the structural,
the functional, and the behavioral.

> A (BB &R DA% ) B LR
BhiRRELABNEBEL  HEE
THRERYCE &

o RUBAS SR
o HIRDREMRBUIBRESISE
>RAER  BED>PE - Bln>ElR

4
(Musiek & Chermak, 2014)
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CANSHIZ R

Structure Tost

Durstoey renve ABR wava | ot et al, (1961)

Braingem ABR-Gick 2yr 488}

>Corpus callosum BfAE S

Beuinsten ABH-mid freq 2y Fonton et al, (1882)
o EEMIARA  : K95 Tratious on ow Mt ss 2000
Thalamus on 15-20yr  Label ¢ &l (2006)

o HINAETERIT vs. TR
>R

Accestic radiation histology a5y ol (1688)

Corpus Calk on Ding a1 & (2008)

Auitoey G MAI 50 €1 4l (2008)
Terrooral corjex on

SLF on

SUF on 13-20yr

T complex, P2, Pa. Py AEP 182yt Eggermoot (1988)
Nz AEP syr Forton et al, ¢

P1, N1, TP200 AEP 15-20yr  Porkon & al, (2002)

(Musiek & Chermak, 2014)
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CAPDHIRR YA

> 19505
o Myklebust, H. R. (1954). Auditory disorders in children: a manual for
differential diagnosis. Grune & Stratton.
S RBEFEREEERNZETEPRIEBINGE
# “that presented as a hearing loss but was found to exist in children with normal hearing,

presenting as the inability to structure the auditory world and select those sounds which are
immediately pertinent to adjustment”

e Bocca, Calearo, & Cassarini (1954)

& FLEREBISENEEES | low-pass filtered speech
e Braodbent (1954)

¢ E—ENEEHFARR IR NETENINENSRE
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CAPDHIRR YA

>Kimura (1961)
o $RFBroadbent’ s B 3L A 1E 70 FR 5T S B R 7 61 28 st S I BB T AERY
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) g Le "
o BRLEEENNEIERSIEHE [l e Py

» HRESE > FRIEE
*HEED > LB/ PEEES
* B EBIALAMNESRRESD
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(Bellis, 2011) 21

CAPDHI =

>HIRE R AU R KBIEENGE 7
>R - B TEMNRE
o TR BEIE - BEXSE
>1970M 8 : EEEE—REM T EMARRTNE
>1990sit - BXREBR/FE/MMEEIREFRLIVSER - KifRE -
HRRBEIE51 S
o ASHA (1992, 1996, 2005b) * Bruton Conference paper (Jerger & Musiek,

2000) ~ AAA (2010) ~ BSA (2011, 2018) ~ NAL (2015) ~ Germany -
Canada * The Netherlands...

»|CD-10-CM : H93.25 (since 2015)
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CAPDAHEA &

»Auditory language disorder - auditory perceptual disorder * auditory
perceptual problems * aphasic deaf - central deafness * auditory
perceptually handicapped ~ central processing dysfunction ~ APD -
CAPD - (C)APD

»CAPD, e.g., ASHA (1996)

»CAP, e.g., Jerger & Musiek (2000) Bruton consensus conference

»(C)APD., e.g. ASHA (2005)




CAPDRVE & £ [E

> MRBER

e APD is characterised by poor perception of speech and non-speech
sounds. It has its origins in impaired neural function, which may include
both the afferent and efferent pathways of the central auditory nervous
system (CANS), as well as other neural processing systems that provide
‘top down’ modulation of the CANS....APD is often found alongside and
may contribute to primary disorders of those systems. APD may thus
include both auditory and cognitive elements.(BSA, 2018)

e ..... they are considered higher order cognitive-communicative and/or
language-related functions and, thus, are not included in the definition of
(C)AP (ASHA, 2005)
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CAPDRVE & £ E

» Networks are nonmodular, temporally coupled, interfacing, polymodal or
multisensory, overlapping, interconnected, and synchronized.

» A review of the published literature reveals that attention can modulate
auditory processing; however, the literature also confirms that auditory
processing is not completely dependent on attention. (Musiek, 2016)
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CAPEZRIIRBBEN BT (ASHA, 2005)
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CAPDHIZAE (ASHA, 2005)

»(C)APD is best viewed as a deficit in the neural processing of
auditory stimuli that may coexist with, but is not the result of,
dysfunction in other modalities. At the same time, the
noncompartmentalized brain, with its convergent sensory “tracks,”
multisensory neurons, and neural interfacing complicates a simple
sorting out of causation versus coexistence. Thus, although many
children with cognitive or language disorders may have difficulty
processing spoken language, we should not automatically assume
that a (C)APD is the underlying cause of their difficulties without the
demonstration of an auditory deficit through appropriate auditory
diagnostic measures.

& (comorbidity)

> Maggio & Geffner (2003)iF &6l - 4258 7~145 CAPDE &b
o 31%HEZADHD - 53%%&{MADHD
o 83% AR KRES MR
o 47%BERERER - 27% 2R BRERE - ARERENS LA R2:1
o HFFRIRZ  AEL(HALIR) | EIRIER - 2ER - EHER - BERER
a - SiREE  SES
o 50%78 PEEKZE L (maybe more due to asymptomatic condition)

>HBAER
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CAPD#; A (Etiological bases)

»Acquired causes of CAPD in adults
o Neurological lesions or compromise of the CANS

& Neoplasmaf# &
& Neurodegenerative processes (e.g., MS, Alzheimer’s)
#Head trauma
& Impaired cerebral circulation (e.g., strokes)
# Aging, including central aspects of presbycusis
# Noise exposure
#Exposure to neurotoxic chemicals or heavy metals (e.g., styrene?Z,¥%, lead, mercury)
& Epilepsy




CAPD#; A (Etiological bases)

»Etiology of CAPD in children=»neurobiological source of CAPD
e Neurological lesions or compromise of the CANS 1#48# Xt 5L 1815
& May include seizure disorder (e.g., Landau Kleffner syndrome), traumatic brain injury,
neoplasms, neurodegenerative disorders, neurotoxicity, cerebrovascular accidents,
metabolic disorders, and genetic disorders
e Neuromaturational lag #4 X BIEE
# Secondary to auditory deprivation and/or delayed myelin maturation in the subcortex,
cortex and/or corpus callosum
o Neuroanatomical abnormalities #&E2

& 3BE RS R Congenital, and includes ectopic areas21il and polymicrogyriaZs/J\i B
F of the cortex, and other anatomical variances, e.g., CC, planum temporali

# Children with dyslexia or learning problems

CAPD vs. ETEK

»For 6 decades, research has clearly shown that OME can have a
lasting auditory effect, especially if it begins at a very early stage.
e Greater adverse effect in the high frequencies
e Articulation, language, auditory processing
o Early effect of OME continued to influence reading ability and verbal IQ
through the high school years.

e ABR findings suggest that the early influence of early recurrent OM slows
down auditory transmission at the brainstem level.

CAPD vs. E1EK

B8 R RINBERR K vs T M EE RS
>)§E§V£¢Hxvs IR 2 MERK | B1960F(L - BIEMRERRE
H

>EIREENEIE - BELARIEN IR ESRR(ERIE D ERH)

-/Ij m\gl%

>#E 7T Referral
@ The reason for the referral should be reviewed, considering whether further
assessment will add anything to a diagnosis and/or support already in place
> Bt Screening
e Case history

A B e Questionnaire
e Screening tools
e Previous professional report
# Including audiological testing
> &1 ftDiagnosis
Negative  Posiive . > 5T/ A& 5t 2lDeveloping a management plan
Relating OM to Relating ASQ to (Whitton & Polley, 2011) = ®

7 : CAPDER1TA (AAA, 2010)

>ERENREIREPEHLUEROE
>HERREARE

> B BRINEIHOREER - L
HERIMES (175 )

>EEEAE S >HEETE NARS
>EEBIANER  BBRA—BRK  >ITEIBH0

WE SIS  FLEES - LUR/S B s aeE
>R O EE RS HA=E
FESERREEERLR/ARRE CARRRE  GREE - HRMUK
%E REEBME

s ERE

%LXW,,”&%E%;‘EEEP B2 WERAN
ABRE R A

Z % Case History

»At minimum, should include

e Auditory and/or communication difficulties experienced by the individual

e Family history of hearing loss and/or central auditory processing deficits
Medical history, including birth, otologic and neurologic history, general health
history, and medications
Speech and language development and behaviors
Educational history and/or work history
Existence of any known comorbid conditions, including cognitive, intellectual,
and/or medical disorders
Social development
Linguistic and cultural background

Prior and/or current therapy for any cognitive, linguistic, or sensory disorder or
disability 3




CAPDHE : #RE MIEBRIE T

>CANSESERE M BEMY
>R ENER L RS REERWH B RN/ BB EREEE
FRU R EE T o BT
>R S INAER B A B RV & B2
o NERETEREREN

=

ik

T2

CAPDHIER%REY (ASHA, 2005)

> HERIER (Auditory discrimination tests)
o FFLERDPBLIBERIRE
S ER - T BEKR - BEHRuning curve ~ BRE
> IE B R R IR A B RS BB (Auditory temporal processing and
patterning tests)
o ML ERESTE S MIRHER B ZERIEE
>EE 2SR5 (Dichotic speech tests)
o EHE  MERRKEIES  BEINESAE
o FEERDBAEEZTHIEE

CAPDHIER%REY (ASHA, 2005)

>BEEEE OIS (Monnaural low-redundancy speech tests)
o STl EEE I RPN SRAIRE
>EH B EpfIE (Binaural interaction tests)
ML EEREE R R ERRIEBE TN
> BB IR (Electroacoustic measures)
o HEBAHARIMBESTHTRNRIE
& EBE50AE - 5 AR 5IFIAR threshold - #5 lZ 51 RiBAR decay
>EBEIRAIER (Electrophysiologic measures)
o HPREBEAARESTAZRNESHEMNRE

CAPDAI Bz 1

»Because of the variability and the nature of the profiles of (C)APD,
there exists no absolute gold standard for deriving sensitivity and
specificity data for tests of central auditory dysfunction.

e Documented reliability and sensitivity & specificity to known involvement of
CANS

» Tests/test battery should provide
e Norms appropriate for the patient being assessed
e Assess several CAP and behaviors that might be affected
e Considered patient symptoms and complaints

e Behavioral + electrophysiological measures in combination might lead to
increased sensibility

CAPDAIBR#E RAVARTE

>CAPFHE ) B B/Z LI Z MR E

o CAPDEERFE ?

o THEI(LE) BB ERIRINAERE ?

o CANSHIINEERBME ?

o BEHE - WA LGS - (LS REMBREME - CAPDIREL ?
> e T AEERE

CAPDAIBRAERAVARRE : FER2

> iR K E FACAPDE EIR#E

o EIEAIRMFRIREN FI20EREE - H&

o B1IBRIBMNFIREN T3 EIEAEZE
>EER TR AN E BRI

o BERMRIRE 2B RIRMH#HE ?

o TRAKRRERE - BERERH—EHEE ?

o CAPDERE ? 7.3%~96% (Wilson & Arnott, 2013)
>ESHEEEIHERRETIHNTE



player1
音素等


CAPDAIBRAERAVERRE  REREEEERR

>Auditory closure 522 B #H TRk
>Binaural separation and binaural integration# E 7 B E1E2 5 ok
»>Temporal patterning & BL AR FR K
>Binaural interaction #E G gtk
> Efth
(Bellis, 2011)

CAPDAIBRAERAVERRE  REREEEERR

»Auditory closure 22 B ik 5k
o B AT S IME U R R ACE S ey H A IZ & L5k

FEEH TR=R HIERAER BEES
PRIER A AEHAN | ZEREARENOM | EEEAERS IR | AEBEIRYE ; B
TEEERE HiERER - ARk | RRE - BB REAR B
< EBEH B #- « Low-pass filtered %%%Wﬁl\l?ﬁ BETer
- BEE « RIREEE speech [EER P A== alii]
- R RIS cBEPRE « Time-compressed THREE -
 EEBTALEIOR ; speech

SRR « Speech in noise

CAPDAIBRERAVERRE  REREEEERR

>Binaural separation and binaural integration€ B 7 B EAZE SR K

21 IRRE ABRER BEEE
CHAR : BREE - BEFPREERE [CEEMESNERR |AESREPNESD
—ERAEREE - R | (hE2RBHMRE |BE - R B ERE
853 —ER97RA HITREE) - BHERREEER (|0 5IEEES ; &
LEEG  BNEE -ARSARGERE | YEES EEMREIIR -

RESEZEENAS | BRE - EEEESE
PAEHEE R SEYH

CAPDAIBRAERAVERRE  REREEERR

>Temporal patterning 5 & BLAE R %

EL:3511 IRRE ABER BEE#
HDNEBRDHE - 0 | FANARERESN | AEEMESEENE | BT R
B2 (rthythm) - B - |BEREE MIZIES - FRZLAR | DI ; B R
Vgl cHIERTERSE | ARRRNES - DIFSTREVBR B AR
o - BRSNS EAY |« ESRARRFPT BAFR
BEFFUEE[E |- BRE

(BREEHE 7 EH)

- BRI

- RfE

CAPDAIBRAERAVERRE  REREEERR

»Binaural interaction #H 5 gtk

EEHE TR&R RBBER BEEE

K EREERRAR |« DRSS RAAE |- ERE=ZENRER | ASREDIOMRERLE ;

& cREBREPHASE | £F SRME AR ; AMER
- BIRPHI AR [G3E- + ABREH BIEMEIEIIAR ; BR
[ 2= A0S EERMSARERRE | BBRE @MUK
cBEEPRBAR £ HifgmiE -

- ®HRS

CAPDAIBRAERAVERRE  REREEEERR

>ELh : Temporal processing & R IR R K
o FREMITAIRER | WHEHEMREERERRGDT)
o BEEMNEZTIRETIRE (5h 2R B BAEEZAR)
o RPFENITARREREZRRNWAESERE
o Ei | RREER




CAPDAIBRAERAVERRE  REREEEERR

>EL M : Auditory discrimination§2 & 3 ##
o DWIEEMENER
o EIEPLIERTREBIKIBIIEE
o EFWH RSN EE
* EHERSEEPOTARREDEER
* EEEHES
S HENM  HANOHABRNTERE
o SHEEHOUBERRE
o TR ASHERAEAIERER(MMN)ZL/ O IEE ZA) 58 just noticeable
differences, JND){k &
o EiE : BRI - IRIRAE - B TR IRE R HRERE

CAPDRIBR#ARAVAETE | CANSHWINEEERBUE

E 4 IS fEot 28 BIAERS H B 23048 fEes RE BAEEE
" [T [= | [
> KRB | "

Ll [ = SN == RN == R egand
M2 R It EEEEE o =i
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et - e (O wh - am -
-] - s s o b st g o b e
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N EEBOK
(B2 TR E R’ 49

CAPDRIER 45 RAVARRE : CAPDEREY

>Buffalo Model ZK4-3#&2 2 (Katz et al., 1994)
o KIBAIRBBEPRRRESELTDERN=IRNRER - HERRREZAER
RURISIEIREER - ZECAPD REMREEE -

# Staggered Spondaic Word (SSW)
& Phonemic Synthesis (PS) test
# Speech-in-Noise test (e.g. W-22 words in noise)

e CAPDIRE!
o #5538 (Decoding Category)
* AZ-rEfERIBIE)(Tolerance-Fading Memory Category, TFM)
& A E 08 (Integration Category)
+ 557 (Organization Category)

CAPDRIER 45 RAVARRE : CAPDEREY

>Bellis/Ferre Model (Bellis, 1996, 1999; Bellis & Ferre, 1999; Ferre, 1997)
>REHR  EERGEREEBENMSFEERDERESETR/
RH/BEBEREINER
>RI3EARTEDE . WEIEE TNEEUE  B2BEAREDE .
BEEEESEBENESBR ZENEMARE -
o IBEAREE TR (Auditory Decoding Deficit) : ¥ MEINAER B (VR IEEFE)
o EEfRER%K (Prosodic Deficit) : H¥ILINEERE
o EEfRK(Integration Deficit) : BBIEFIKEEICINEER SR
o HtsstRk(Associative Deficit) : IBEEAR ; TH2ROEIEREE
o B -ZAAFRZE (Output-Organization Deficit) st

CAPDHITT AR ETE

>EEMNEESTERRBERENEACEMSER]  TEIJEHHER
[REREE, MR EERENREER L - BENEESNERSE
GBI -

>BEELRESIHTR  HENBRERNTE - TrEEIERE
BRTIBEM M

>»Frll - CAPDEEHEEAE LNARSERRBER - EXAET
BERIZ RS A BED  OIRAM - BROOEM - AAOIERD - BBEEREFEA
8T - Z6 - KEMEtTESRREZFBRENAS -

CAPDHIIT AEAETE

> IRIEFE (environmental modifications) : BERERKXER E¥IE
B ErEW
>#& [ER: i (remediation techniques) : BRITER MR - HIKREFH
BErER - DR SIEEINEE
4 BSA (2018): Auditory training

*+ Interactive training devices, e.g., LiSN & Learn, Memory Booster, Earobics, Earobics, FastForWord
* Musical Training

> 8 5B (compensatory strategies) : B AITEHE S S N{A 5 AR
BERERSWIHRAAEFREENS




References

American Academy of Audiology (AAA). (2010). Clinical practice guidelines: Diagnosis, treatment and management of children and adults with central auditory proc
disorder. American Academy of Audiology.

American Speech-Language-Hearing Association. (1996). Central auditory processing: Current status of rescarch and implications for clinical practice. American Journal of
Audiology, 5, 41-54.

ssing.

American Speech-Language-Hearing Association. ASHA (2005). (Central) auditory process Available at http:
Journals/deskrefidefault

Bellis, T. . (2011). Assessment and management of central auditory processing disorders in the educational setting: From science to practice. Plural Publishing.

Brinkmann, P, Kotz, S. A., Smit, J. V., Janssen, M. L., & Schwartze, M. (2021) dysfunction and in tinnitus: a predictive network
hypothesis. Brain Structure and Function, 226(6), 1659-1676.

BSA. (2018). Position statement and practice guidance: Auditory processing disorder (APD).

De Legn Reys, N . Bras Gonsalo, L, & Nito, M. (2020 Denlopmentad lastity ofthe corpuscllsun. Developmen,14713), dev 159738

Jerger, J., & Musick, F. (2000). Report of ce on in school-aged child of the American Academy of
audiology, 11(09), 467474,

Katz, J. (2007). APD evaluation to therapy: The buffalo model. Audiology online.

Moller, A. R. (2012). Hearing: anatomy, physiology, and disorders of the auditory system. Plural Publishing

Musiek, F. E., & Chermak, G. D. (Eds.). (2013). Handbook of central auditory processing disorder. volume I: Auditory neuroscience and diagnosis (Vol. 1). Plural Publishing,

Musiek, F. E., Chermak, G. D., Bamiou, D. E., & Shinn, J. (2018). CAPD: The Most Common *Hidden Hearing Loss’ Central auditory processing disorder—and not cochlear
synaptopathy—is the most likely source of difficulty understanding speech in noise (despite normal audiograms). The ASHA Leader, 23(3), 6-9.

Pickles, J. (2003). An introduction to the physiology of hearing. In An Intraduction to the Physiology of Hearing. Academic Press.

Geffier, D., & Ross-Swain, D. (Eds.). (2018). Auditory processing disorders: Assessment, management, and treatment,

Steinmann, S, Leich, G., & Mulert, C. (2014). Interhemispheric auditory connectivity: structure and function related to auditory verbal hallucinations. Froners in human

science, 8, 5

rmcm,, G.. & Delano, P. H. (2015). Corticofugal modulation of peripheral auditory responses. Frontiers in systems neuroscience, 9, 134.

Whitton, J. P, & Polley, D. B. (2011). Evaluating the perceptual and fauditory deprivation in early postnatal I
clinical studies. Journal of the Association for Research in Otolaryngology, 12(5), 535-547.

RN (2022) - AR R R|iE) - adm XFXL - (REHIRE < 2021) -

 a comparison of basic and

54




114FhiERNRRIER MR

B<s 1 2 322 4 B R B ke Bt R SR R
P IEIR G
L bl L

REREREE

* Perception of sound or the alteration of sounds within a restricted or defined time

domain (Musiek et al., 2005)
* Perception of time varying sounds (Moore, 2003)
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(5358 : Nina Kraus - ARBSIS1E )

1

(SE )AL

- IR IIEF? (temporal ordering or sequencing)

« [ R AR AT X 3 ¥ (temporal resolution or discrimination)
- [FE#EZE S 42 (temporal integration or summation)

« FRFRE3ERE (temporal masking)

REREREE

« JIBE EAVERSR
« Lack of prosody during speech and reading aloud
« Poor emotional tone
« Difficulty understanding poetry
« Difficulty understanding jokes
« Deficits to segment words in the sentence
« Comorbid presentation of CAPD and reading and spelling deficits

EEREERENEEEME

<4C

« Temporal processing appears dependent primarily on cerebral AR and

interhemispheric [ processing (Pinherio & Musiek, 1985)

FrfE

< BI2ME((EZ)U LB SR ERBRENIER
» WEZERNNRS
c BENBNERY
- BEEBNEE LRRENE - B¥ETBEE
- BymE
- BESmA
- W
- REHIERALS)

B (Temporal ordering or sequencing)




(Temporal ordering or sequencing)

Temporal Pattorning
Physiology

(Musiek & Chermak, 2014)

(Temporal ordering or sequencing)

- FEARERNZHENRASEE
« BB
- BEERRGSET
« RISERE 5 - IBE - dick - FEF
- RIBEHE
- RIBERER  AREREER
< RE APEERERE

RIEs . BUREHIER

7By BE R B& (Frequency Pattern Test, FPTZ}Pitch Pattern Test, PPT)
Plnhe|ro and Ptacek in 1971
« IR ARSI 5% (Duration Pattern Test, DPT)
SR EERFHZEIANMELET
- B2
. @%EEIEJ
BRERGRES ST ARREL - BIEERETROURE AIRIE)
sﬁzuﬂéz B (SEEFPT)

Prcaxrer P P

Ll -

« BERIRE
- FPT : B  IBSRAEE AR EA
- CEEARE (ERE-B-BREEEEE)
+ DPT: BB - A EAMAIER

1l

- pEEASEE (ERE-R-RAEE-E-E54) Barer
MEEAT = | 80|
«WB(FPT: "B, 8 "€, CDPT: TR, N e
) N
- BEEZMARIABIEE L L]
« 5t EEIERER =
=y B2 e

(Musiek & Chermak, 2014)

9

Table 15-1A.
the Frequancy P
Two Starcierd Dew

RIEs . BUREHIBR

Age Wvl@
« KR (B 1E# HBellis, 2003) : i
- BLUEFEERISRREE 10 ™
- BIR  ZEARER e
- BIEEE - REEE

Table 15-18. Normative Values for
the Duration Pattarn Test Based On Two
Standard Daviations Bekow the Mean

cEEHEER . ®

F%iﬁﬂé%;;“ Eﬁﬁ EEHBET  £=
Q= hEIBIE S E (LEZDPT)

,gm #2EE . DPT>FPT - BmmE Ao R

s R =l 7

3 9% (Temporal resolution or discrimination)

- KEBETONEESCRBNREREN&E/NEERE

Tomporat Rosolution
Gap Detection

Gap

= |
1
]

Gip

|
T
H
H
E}

(Musiek & Chermak, 2014)




R B EEATRIER © PEEIPR B RIER

» Random Gap Detection Test, RGDT

Temporal Rusolution

- $EE A EEIE (within-channel processing) o ::: o
- ZAEENERINEESERAIBEIREE _-_-_m
F2EERE =)

= 500, 1000, 2000, 4000 HzAEZ - & 4Hclick Gap

- PRI R 50~40 msec (4 IR SR 550~300 “
mset) T e T
- PR EZEET (gap detection threshold) : Z2EREFRFT Gop
FERRE ° s e
e (Musiek & Chermak, 2014)

12

R EEEATRIER « PEEIPR B RIER

cBR

WREREHRK  LHEELRE
- BERIBRE | AKX (thaRA)

- IR EIBRAR - B - B

- BEEHFE (BEEREE)

FPEREE R R

» Gap in noise (GIN) test ssc

- FEO RIS

:;Z;E%Fi;zUFsﬁﬂﬁﬁﬁ%&% W - - -
m 2 -- L
) >

(Musiek et al,, 2005)

5 FE ARAT R B

ERIRATRIER - RS P REfRRE IR

* Gap in noise (GIN) test
« A.th (approximate threshold)-the shortest gap duration for which there are at least 4 of 6
correct identifications.
« % correct-correct responses out of the total number of gaps
« Norm-no developmental effect seen in children btw age 7 and 18. No ear asymmetry is
observed.

Theeshold [2 [3 T4 T8 T8 [0 [0 12 1820 | [Towiss
Scom

st 1 n!-m_ \s un n ea nsve %) e 4560
Le® Ea o 17| %| o xo vea 100 m 100 w %
BN L] 1%

X

(Musiek et al, 2017)

i At 225, 48 & (Temporal integration or summation)

cEELAGE—BREANEREBSEEHNENEN
cBEHER  ZEHIRE  EFIRFRIZE200 msec

Temporal Integration

Duration n meec (Musiek & Chermak, 2014)

5 E 4 225K 48 5 (Temporal integration or summation)

- CAPD(RREER M) BRI R B 2 2 S 218
« A B B IR AR 4 B 9B Z= 2B (frequency difference limen) 125
- HAEWDREERERRSEEERE

- BRREMREGAR LR




5 FEI 4B (Temporal masking)

- BEASMERS RERLIRG B
MR EEREEL

« 3 (backward masking) :
BEARER

EREE

* AIEEHK (forward masking) : IR S EE =
EMSRATE
s

(Musiek & Chermak, 2014)

IRF FEI 4B (Temporal masking)

- HFIRAA
» BB ; MEARE (RIERJEINRENS BB IR IIMRDIEENF
%)

«FESY  BEMSEERS BB
E  BEAREERSNEREMUE

« BIEHRIEFIRBA

« ERERMREE AER A

- RERRIERAT BB AR (R E B RATEE

- BERDRAARREEAR TR

ERER

BREEE

R

RS



player1

player1


114FhiERNRRIER MR

SHEHARREEFMNRN A
SRIESEERAIEM
QU SURRED RIS

5 5 &) (Binaural Interaction, BI)

cEHAMFHAN
 EERIENER
* Binaural summation# & &
- BEREESEERA 13 dBin threshold, 10-20% in loudness
« Binaural redundancy € E T
« Spatial hearingZZ B 4N&
- BIRENI(localization) #2815 (lateralization)
- IRE R
- @EIRRAZR (release from masking)

- £ HFIS (binaural fusion) ;

5 5 &) (Binaural Interaction, BI)

* Present at birth, but immature.

[-jﬂﬁ&

=

¢ Postnatal maturation is experience
dependent and reduced or altered
cochlear output during the early postnatal
period may change the normal
development of CANS.

Bl GIIEES
st hoy

€£HLOE)  EARAME

. %Hﬂi‘}ﬁ;{ (interaural time difference, ITD)

: : MSOA EiE#% - RE : ICTE ~
MGBW1 BN A

- fEARESR |
* € EF 25 (interaural level difference, ILD) , /4 /

o T2 : LSOIMA Lt - RE : NLLSMAES
%, ICTE - MGBARIRRRES

- (EFIRSIED BN o

c BEEAEIRIEE (witetetal, 2006
- BEEAGHIEE &spectral ) AR ] (temporal)
it BRIE/IS

€HEY : EHERAEL (Release from masking)

cBEERBSNEORTEE - &3
BEMSHNREREH

« Licklider (1948) & REAZLULIR S

*S:BEMW ;N BEERE
*@: 0OEAMN ; w: 180 AL

* [@481iZ(homophasic) : SgNg * SN,
* ;248 1iI(homophasic) : SgN, * S,Ng
- EERERAR  BEMSEERE

(Bells, 2011)
4

g5 5 &) RI5 (Binaural Interaction, BI)

s PRI EAREEEALEARBEMIINSAVEE
cEEEE  MHBRERE  REPRIEARE
- EEENAR
- B H R AR AE
- BEFERRG - gE
- BEEREIRENSN Y  AERERERSEENS
s ©EHEF) : BEINEE
. %HEEEJ?%TH“‘E?%H@ZW
- RERBURMA LM TEENTE
- BiEiEnTE s




EHGEAIR - B EEME (Masking Level Difference, MLD)
*MLDEZ : SpNgHIZ=ERE - SNy
* Signal : AE SRS (WMspondeesEF
SREEF ) ; Noise | BIEIRE

* KRR 2

- BREEEEE - MRL2 IBRERRE

o SEH SN ER]

« BEES, NMEEE

Masking level difference test procedure

4448 1o e 6008

g’m

(wwwinteracoustics.

com)

EHGEAIR - B EEME (Masking Level Difference, MLD)

c &R
- RESY AHMBE@ERER EE)  EREEE
- Fi  RE<PA - EFHENERT—
- BigiRE . FYEMLD

- BERIRENRERREHETE —EFIBEOMETEREKEEE (but listening difficulty
might still persist)

- AHEREH

« 2EMLD
- BEMERLE ; MSBRMELES
- HBIEHSZE (dyslexia)

EHOAER . RELXBEEHNE N (RASP)

* Rapidly Alternating Speech Perception, RASP
* B)F DUE]E b B ] bR AR S & B ) 2R BB
* D Willeford 1977 B RIRASPRIER 75l
- BRKYTER
300ms

- #EME2 : 40dB SLre: PTA
« 10851 EEEN - 10851 EEER

RASP

7

Figure 16-4. liustraton of the Rapidy
Ansenating Speech Perapion (RASP) tast

- SR

(Musiek & Chermak, 2014)

SEHOEMR  REIEBFESHERE (RASP)
EEREETES
< RISREEE
- ORI AR/ HNRZE
* BIBRXUE (efficiency)
- HERENBRER
BRAREAER
+ ABR & MLD¥IiEHE M W ER S

EEHOEAIER

EHERS AR

* Binaural Fusion Test
« EHERIBAEEE (band-pass filtered):2E ; —E
B IRMEiEAIE (low-pass filtered):lE - —EiRES -
38187 ( high-pass filtered)sE 7 }‘
P

« B0 : 500-700 HZ EREE1000-21005 8538 - 500 Hy (| = = ||)
I F {38 813000HZ Y H72528 \—/

- BHRPEESHTHE —HREIFE - ﬁ
EdllSa Figure 16-5. llluslration of tha binaural
. tusion paradigm
- EEEH

Binaural fusion

—HREE

(Musiek & Chermak, 2014)

SEH OB  EERSRER
* DINU-6 € E Rl 5 R85 5l
- MR FE-BE-FE(CVC)EBEFR
. —HEm —EEE L
. =8 : 30-35 dB SL re: {ESEPTARSIEPTA o
CES  pETERE

NU-6 words found In sampies and their occurrence

(Thomson, 2002)




EHOEAER . EERMSNER

s FEREERNER

- RIMEE - e.g., 86.6%@ 36 dB HL vs. 66.4%@ 30 dB HL using NU-6 word
lists on adults (Smith & Resnick, 1972)

- BEBEE
MBRUHERERTRRE  HEREBANSE

- Dichotic (2 E £7fl) vs. diotic (2EE - € ERERIZZERESBRIFTR)
* I E B EH (dyslexia) A EEE SRR (SL)RENE BRI S RIRE
REE

LHLOEAIER : LISN-S

LiSN—S (Cameron & Dillon, 2007)

* Listening in Spatialized Noise-Continuous 3 | =571
Discourse Test (Cameron, Dillon, & 3
Newall, 2006) and then Listening in . | e o
Spatialized Noise-Sentence Test
(Cameron & Dillon, 2007)

* BIMLD#ERAME

s MR REMTE+EHAISERIIBRES
EED4EBER

BFHIRESH B EATF (0 degree) ~ #RaflaE
B(RERYBNES)ELNET (90 degree)

BB EMHEE vs. A F

!

(Musiek & Chermak, 20147

LHLOEAIE : LISN-S

&R
+ BHLCAPDREEEBER P ATRK
- BIRNSABHENRERTEBEAN

EEHE%Z] /EJ '%/\A

cSHEHRAMNERFU
EBHH TRER ARER mERH
EREEEHSR | BURRDRN |- BREREN |- GEEEPH
RARE BLEERE . | BeRRE ML
B (R 14 Bl
DRSS | ABReE . EEmEIA

SHmSRME |- AMCEEEY
ERER RREBRIAR
IREEEASHARAS

BALBHRE
WERIE

BLIE(ZEESR) AR

* Why include them?

» Speech and language processing can be defined as neural operations
responsible for transforming the acoustic characteristics of speech into a
linguistic representation. 28 557 238 S 1AENF

* Obtaining information regarding the integrity of the CANS should improve the
diagnosis of the disorder, assist in intervention programming and contribute
t% monitoring treatment outcomes. S CANSHISER BN BEN AR

Bt

« Compared with behavioral tasks, many but not all electrophysiologic
measured do not require the listener’s active participation and are therefore
more objective and can be reliably recorded from infants and very young
children, less affected by confounds such as memory, language, motivation,
and tasks, and response criteria and strategies. %Ea@ R

BLIE(ZEER) R

* ASHA (2005)#$CAPDRIGR D B 748 - BEIBAIRSEP—
* AAA (2010)i2 K EBHIZERMES E R

« There are no widely accepted criteria as to when AERs should be included in
the clinical evaluation of (C)APD.

* There are no accepted protocols for AER measurement.

* (There are) no evidence-based recommendations for stimulus and
acquisition parameters.

» Normative data acquired from large numbers of subjects across the lifespan
are lacking for each of the major cortical AERs.

* Routine application of AERs as a standard clinical procedure may not always
be indicated.




FELEEEER)R

« HithEBAIREAMNETSEE (Bellis, 2011)
< REEHEERME
« LHCAPDERME RS B AIRERIES
- BEBERNRETAMEBORE ?
- HEREN ASKEBTS

FELEEEER)R

* EEMTEEERRAREHE(AAA, 2010)
« Behavioral assessment fails to reveal a clear pattern of deficits

 Behavioral test findings are incomplete or inconclusive or are compromised
by selected listener variables (e.g., attention, motivation, cognitive status)

* The age of a young child precludes comprehensive behavioral assessment
of (C)APD using behavioral measures

A neurologic disorder requiring medical follow-up is suspected

« Information on the site of dysfunction within the CANS is needed for
individuals showing a clear pattern of (C)APD with behavioral assessment

« Behavioral measures of (C)APD are not available in the individual’s native
language 19

ETH(ZEER) MR

* $85 I  S¥Acoustic reflex

EEEGAEAINNE (contralateral
suppression of OAE)

* BRI ARt S FBABR

- ERRMREFFR
- WEEBF U RMECAEP

* FELEEEMMN |

* P300 {

(Gabr, 2025) 20

ESLEEEBE)NER  BEIRHRE
- BENRSEE | SEME B

- @A B> BaEIEAERREEI LREES
FHUAR

« Hf . B> EED R B RSz BRI HEEE SR> HRABEmeK

DEEBEDE

> BB SR
- EEBRATETE ' —\
* ART, decay @XGD
ERNORONSICRA

(Emmanuel, 2099)

FEE(EEB) AR . EEE5(OAER)RH AN

* ERFROAERIBR B BB IRB A MAWZE TR

« OHCIfAE
. =TRRS %
TEOAEHBIMHN MBS —
o TATHIEBER ng
- SfLREPRIE Bl L
* Decreased MOCB activity in CAPD patients ;S
- BERERT—B 2 N (;D
S el SN
« High variability @ @ i

LN E= (Gafoor & Uppunda, 2023)

ELEHEAER - ABR

SRR R E RS REE /R;f\}y

« Frank neurological lesion ] I [ ] .
CBASHRY - ARREYE 2%z 3
OBERBARS (3 ;
* 2HCAPDIERMWABREE R 3 3

RS click REZEM ? EEIUEES 18 38
7 i

= 5t * )

o REFPEREKZE S HEZRBNMEERFI R
HEBEIE - INFVIRD HIRIEE

MIFNTESRER

(1sBEZA - 2020 23




BEIERER : SAXRIRBREFFR

* Frequency Following Response (used to be Complex ABR, cABR)
« SRR PRE (P )
* cABR-first used with speech in Auditory Neuroscience Lab
(Brainvolts) in 2001

p“‘w“
“V&A - ’”\AMAMMWW
«V =ABR Wave V, A= SN10

v

- Response to stimulus onset Doppoves
*DEF
- FFR o : S

- Reflecting pulsing of vocal cords | 001 v A u
e} 4 : :
o 20 40
- Offset response Time (me)

(Skoe etal, 2015) 24

BEIENER : SARIRBREFFR

* A

ERE
RE—RY - 8

FOTB 14 B it

- e
P //

185 - ARLE

(MA%HE : NinaKraus - ABGEHE ) %

BEIENER : SARIRBREFFR

* Brainstem responses to complex sound stimuli are altered (latency
delay and lower amplitudes) in children with learning disabilities and
CAPD.

« Also FO tracking, frequency-modulation sweep

*FFRGGIIRGESAR - Uit L FAAERNPREIEEEIEH[E -
inﬁ"ﬁTﬁﬁ%

BEEAER . RERBFENECAEP

* 3 components: P1-N1-P2
« Assingle peak for small children infants
* P1: primary auditory cortex and thalamus ‘ P

* N1-P2: cortical-cortical circuits, thalamo- i
cortical pathways, and secondary auditory R
cortex [Emmm e |

+ N1: onset response (2B 225 E) b0 —

.27

(sharma et al, 2015) aliene

EEEAR . KE %minﬁ‘“‘&ﬁ:CAEP

* CAEPEF3 R CAPD

- HHERNIZH5EE - CAPDSEERINT ~ P2~ P3
BRERE - P2AIP3RKEERENER
(Jirsa & Clontz, 1990 - Jirsa, 1992)

CHEMEERAEER 200 00 & 180 00 10 40 %0 @

LA  ALERKMMN

MMN as a Function of Frequency Change

cEBRBISRESIENEEEARESEN 0 Diference
S>N2aii
- BRETBEINEERY - FREETH
- R RAEEE A AR BB IR Ao
BB E LR AR IE e Ve
c MARBEMVMNERREBNRHEYE @ =
i - BIECAPD $ %" ey

- BMRERRRER Yy daviant

standard (1000 Hz)

1004 He = 1004 Mz

1008 Hz i 1008 HE S
A

1016 He —med Al

1032 Kz - Ao

e
S 200 400me

(Natanen et al. 2007)
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T4 ISR : P300

* P3K - RIEEREXI300ms

cREEBRIMEELENBERENE+ES - 0 REBERMER
1wt - BEUARREEA

g g Koy
ik Prowtiron

o (Olichney et al., 2022)

TAIEAIER : P300

* FEFARRCAPD
- 588 : P300ERHERM (Jirsa & Clontz, 1990)
A : P300BRFERME (Krishnamurti, 2001)
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