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"Tone Decay"

PTASRT

(Schubert 1944)
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1411(5dBSL)

506

065dBSL

06065dBSL

06

5

06



 1 

30

20"35

365630"    40 

20 dB50"    45

60"    50

60"    55

1450

506

1451(Carhart)

06

506

5

06

506
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(30dBSL)

36

Retrocochlear36

5

Sorenson

(2KHz)

06s46S

46

46

(Rosenberg)

06

40dBSL

16

506



 0 

35

–

Olsen- Noffsinger

26

(20dBSL)

5

(20dBSL)

1406(Green)(Rosenberg)



 1 

015

(Tone 

Perrertion)

Owense

Owense1401

(dB)

(5dBSL)

06

5

(20dBSL)

Type II

(5dBSL)06(Type I)

–

Type IIII

(10dBSL)II
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Type II A

(10dBSL)06

Cochlear

Type II B

(15dBSL)06

(II B)

Type II C

(20dBSL)06

(II C)Cochlear

Type II D

2355dB

06

](20dBSL)06

(30dBSL)06[

Cochlear

Type II EE Typical

0636

(20dBSL)
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Retrocochlear

Cochlear

Type III

(20dBSL)06

Retrocochlear
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Willy & Lilly

Owense5

16

 STAT)(Supra threshold adaptation test,

566–1666–2666(110 dBSL)

(white Noise)(90dBSL)

0606

dBSPLdBHL

   SPL  Tone  HL  Noise 

F=      500        110           100  80dBHL 

F= 1K  110      105      80 '

F= 2K  110      100      80' 
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(over) 06

06

Owense

(250)Type II  A

(4K)   Type  II  D

OwensType I , II

Type III

(KATZ)1485(15dB)dB
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(KATZ)1441

36

(20 dB)

8–

1

MS88
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Rezenberg

(dB)

Decay0-5 

Mild Decay10-15 

Moderate Decay 20-25 

Marked Decay 30

1K  , 500  F100%

45%

2K  , 500  F95%

54%

4K   , 500   F70%

2

1 

2  
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(Green , 20 dBSL)Start

(Rozenberg , start)

TDT – IA  >  BCNTE 

(Tone Decay Threshold) 

300

LR

35    20" 

40   30" 

45   40"  40  40-40>0       

50   50"   

55   60" 

EM= TDTHL – IA + ABGnte

40-40+0=0

45-40+0=5

55-40+0=15

(IA)

Max= BCte + IA
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Short  Increament sensitivity  Index 

(SISI)

SISI1454

(Difference Limen for intensity)

(Carrier Tone)

20dBSL

SISI26SL

20dBSL5

36656

(Rise time)266(On time)56

(Fall time)

20 dBSL
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5

5132

1SISI

1

Holdیا Stopدر

1

1SISI

SISI

5

SISI

(KATZ)

1 

2  

3 

16
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16

2616 

SISI

20dBSL

20dBSL70dBHL90dBHLEssential

266

(Negative or Low SISI Score)

0525

(Questionable)16616

(Possitive or High Score)

2000 HZ1000 HZ

500250
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SISI2KHz

(Reflex 

Decay)1000 Hz500SISI2KHz

SISI

20dBSL

(70-100)SISI

(70 dBHL)

1481

SISIتس ینHall

1441011266
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SISI

1–SISI

(stop , hold)

2–

(Tonic)Cochlear

360dB20 dBSL

60dB(OHC)

60dB(OHC, IHC)

SISI

SISI

20 dBSL

75 dBHL
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60dB

1–SISI(KATZ 85)

1 SISI20 dBSL1dB

2- 75-95 dBHL1dB

 

3- 20dBSL2-5 dB

2-5 dB

 

1- 1dBSL20dBSL(70dBHL)

16

10dB

 

5- 1-520dBSL
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2

 

SISI 

BCnte>SISIHL- IA 

 

SISI

Min  = SISIHL
  
- IA  +  ABGnte 

Max = BCte  +  IA 

SISI

SISI

SISI

Alternative Binaural Laudness Balance test 

(ABLB)

Cochlear

ABLB1430

Cochlearretrocochlear

ABLB

25dB

(35dBEssential)
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500 msecR500 msecL–500 

msecR500 msecL

ABLB

1(A(limit)(B(Adjust 

ment)

(Variable)

(fixed)Variable

2Tone(On – Off Tone)

500 msec

3

ABLB

Reference ear(fixed ear)
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ABLB26

4(Ladder)

OX

(Growth Loudness 

Function)Stenberg – Yarden

(fixed ear)یا (Reference ear)

(Worse ear)(Veriable ear)

ABLB

1 SL+10dB(No 

Recruitment)

2 HL

10dB(Complete Recruitment) 
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3 (Partial Recruitment)

SL

SL+10dBHL

+10dB

CochlearRetro 

cochlear45
0

 

ABLB

HL166166

14.6 A
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No Recruitment

SLHLNo 

RecruitmentCHLRetro cochlear

14.6 B

Partial RecruitmentComplete ReNo Re

No ReComplete ReHL

SL

Partial Recruitment

14.7  A
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1Hyper Recruitment

SL

Decruitment(Loudness Reversal)

Hyper ReDecruitment

SL
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NHL

12NHLDecruitment

14.7 B

ABLB46

cochlear54

Retrocochlear

ABLB

141112

No Recruitment3121

No Re
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141416

3No Re

15

SL

05SL86SL
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Monaural Loudness Balance test (MLB) 

Alternative Monaural Luodness Balance test (AMLB) 

Alternative Bifrequency monaural Loudness Balance test (ABFMLB) 

MLB

25dB(KATZ)

2

2

ABLB

500 Hz2KHz25dB

step16566Fixed freq

2KHz

ucl

AC40500 Hz2, 4 
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KHz

123

Bekesy Audiometry

(Von Bekesy , 1947)

• Type I: normal ,CHL,cochlear 
lesion 

• Type II:cochlear lesion 

• Type III:  retrocochlear 
•  TypeIV: retrocochlear or 

cochlear 
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16616666

2568666

(Interucoustic , Madsen)

126
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(Continuous , "C")(Interupted , "I")

(Sweep Frequency)

(Fixed Frequency)31

256566166626661666

52

52

36

23

                                           
1 - Reverse 

2 - Adaptation 
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I(Type I)

I

16381406I40

I

140626

Owense140123I

Tillman1404NoffsingerOlsen1411

II(Type II)

26

–

                                           
1 - Presbycusis 



 31 

140610

II

II

IV , III(Type III& Type IV)

III

1656

1838

IV25

5838
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IV  , III

1406160III1

IVOwense1401

12III

I

II

IIIIV

8

IIIIVII , ITillman1404

1623IIIIV

11(N=19)51(N=27)11

1411513038

IV , IIIIV , III

8

IV , III12

                                           
1 - Vestibular Shwannoma 

2 - Olsen & Noffsinger (1974) 

3 - Sanders et al. (1974) 

4 - Clemis & Curtis (1977) 
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1134

(Modification& Beksy Audiometry)

(Reverse Bekesy 

Tracings)(Bekesy Comfortable 

Loudness technique)

(Reverse Bekesy Tracings)

"BCL"Bekesy Comfortable Loudness



 31 

1411(BCL)

BCL

0818BCL

(Negative Patterns)N1N3, N208

(Positive Tracings)P1P3,P218

P3

(BCL)BCL

118

P1141110
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11BCL5

16

BCL16BCL

IV , III

16611

14061416

14112661

BCL
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Performance Intensity 

Function – Phonetically balanced words 

Performance Intensity function for phonetically (PI – PB) 

PB-Max

R.I < 0.45R.I>45

N.RPB-maxR.I

PI-PB90dBHL

PI-PB11KATZ94R.I

PB-Max

BC

BC26EML

BC15

26EMLBC

BC

• Roll over index = PB Max-PB Min 

                                           PB Max 
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(Masking)

                                           
1 - Non test Ear, NTE. 

2 - Test Ear, TE. 

3 - Cross Over, Cross Hearing, Trans Cranial Hearing, Shadow Hearing.



 11 

                                           
1 - ANSI. 1996. 

2 - Masker.

3 - Back ground Noise. 

4 - Contra lateral. 

5 - Calibration. 
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(Interaural Attenuation, IA)

                                           
1 - Shadow Curve. 

2 - Under Masking. 
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1 

2  

Studebaker1414

(Test Ear, TE)

                                           
1 - Shadow. 

2 - Shadow Curve. 

3 - Over Masking. 

4 - Air- Bone Cap. 
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(Non Test Ear, NTE)

(Sensory neural Level of the NTE)

–

(Shadow Reaponse)



 15 

(Oclusion Effect, 'OE')



 10 

1418

06

06

(dB Effective Masking Level, 'dB EML')

                                           
1 - Sunders. 

2 - Refrence. 
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06

061666

15HL56HL

166615(45dB 

EM)56(50 dB EM)

EM

 

Central Masking

515

–
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PTA515

SRT18

SLSPL

SRT5

SRT

SRT5

5661666

2686HL 
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 From Dirks & Malmquist                                                            

 

 

 

1416

1456



 56 

18

                                           
1 - Complex Noise. 

2 - Beuting. 

3 - Pulsating Sounds. 

4 - Broad bond Noise. 

5 - White Noise. 
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(Complex Noise)

15166623

16665618

131



 52 

16616666

2

26606662

8666

2

                                           
1 - Broad Bond Noise. 

2 - White Noise. 

3 - Thermal Noise. 
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(Narrow band Noise)

ANSI1440

1666

32568666

                                           
1 - Band Pass. 
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3



 55 

1 

2 3

 

3 Filter rejection rate

ANSIs 3.6-

1989

 

                                           
1 - Haw kins & Stevens, 1950. 

2 - J.W. Ward. Personal Communication, 1986. 
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566

3SPL

ANSI

Weighted

SPL2561666

2560666

25616661666

166612

(Speech Noise)

                                           
1 - ANSIs 3.6-1989, P.9. 
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3663666

1

1



 58 

(Effective Masking, 'EM')(Particular)

ANSIS3.6 – 1989

(dBHL)

1416

SPL

ANSI1440

ANSI1440

125

                                           
1 - Fletcher (1940). 
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1066611

(SPL)

                                           
1 - Sound Level Meter. 

2 - Spectral analayzer. 

3 - acoustic soupler. 

4 - artifical ear. 

5 - ear simulator. 

6 - mechanical coupler.
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3

(SPL)



 01 

162636

XX

HL

16

2

5662666

56616HL

15HL

26HL36HL

26HL

                                           
1 - Ear Phone. 

2 - Correction Factor. 



 02 

16

566162666

1516

256566156166626663666166606668666

(SRT)

56616662666

(Minimum 

Effective Masking)
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25661666

2666

 

 

 

 

 

 

 



 01 
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(Central Masking)

15

(AC, BC)

5

5

3

356616661666

2686HL

                                           
1 & 2 – Wegal & Lane, 1924. 

3 - Inhibitory. 

4 - Lidenetal, 1959. 

5 - Drink & Malmquist, 1964; Martin & Digiovanni, 1979; Studebaker, 1962. 
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(Clinical Masking)

58

5B5C

5C

BC

                                           
1 - Supra aural. 



 01 

BC

BC

1 

2  

SRT, BC, AC

16

                                           
1 - Absolute BC. 



 08 

5505

16

1

(ACte)(BCnte)16

16

0

166616HL



 04 

0616HL

561606

1666

1(range)(Mean)

dB

56061616



 16 

0(A),BC, AC(B)

(C)
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(BCte)

(ACte)16

16

16

15

0A

06HL

16HL–(ABG)

56
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56616662666

15

1555

15

15

56616662666

                                           
1 - Konkle % Berry, 1983. 
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15

B0

06

5661666266651615

06

566

56

(6B)

SRT

(Word Recognition Test, WRT)
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3556Konkle & 

Berry (1985)35

35

56616662666

SRT35WRT

BC

C0



 15 

85

SRT

86HL

WRT

 

6
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(The Masking Dilemma)

naunton1406

35

5505

5505

16

16
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13

5655

ACnte+ SF = CF Starting Level 

55 + (10-15) = 80 – 85 dB dial setting 

85861605

858615

0555

86

1
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SAL

13

–(Sensorineural Acuity Level Test, SAL)

Rainville1455



 14 

Tillman, Jerger (1960)

–(SAL)

–

SAL

–

Jerger1405

B-228A1
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–SAL

3556HL

3616

(Shallow)

15(Deep)

16

                                           
1 - Chaiklin, 1967. 

2 - Zuislocki. 



 81 

1 3616

IA16585

4506

2 (Collapse) 

3 ER-3A

 

1 8108

 

5  

1 (Subjective Cal)

2  

3 

 

1 

 

1 
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2 AC

56BC

 

3 

Mmax=BCte+JA-5 

1  

BC(A)

[ACte- BCnte>=IA]

IA

1 (Martin, 1974, 1959, …)

2- (Liden et al, 1959, …) 

3-  
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)( tente ABGABG
PLtsEML


 

(AC)

Mmin
3
 = ACte

4
 – 40

5
 + ABGnte

6
 

Mmax= BCte
7
 +40           

 

 

 

  

(BC)

Mmin= BCte + ABGnte 

Mmax= BCte +40             

. 

                                           
1 - Konkle & Berry, 1983. 

2 - Liden. 

3 - Mmin= minimum Masking = 

4 - Mmax= maximum Masking = 

5 - 40 = Minimum IA 

6 - ABGnte= Air- Bone Gap of non test Eon. 

7 - BCte= Bone Conduction. 
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256

866611

–

(ABGnte)

 

 

 

1406

1

                                           
1 - Minimum Necessary Masking. 

2 - Plateau. 

3 - Maximum Permissible Masking. 



 85 

 

 

 

 

 

 

 

 

 

 

(Under Masking)

1454(Minimum Effective 

Masking)1418(Minumum Effective 

Masking)1402(Minimum 

Masking Level)

                                           
1 - Under Masking. 

2 - Over Masking. 
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0

36 

 

1



 81 

(The Plateau)



 88 

0253506

35

06

1

5505

(Over Masking)



 84 

00

0685

05

(Martin, 1997)
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1615

1615

(EM)

B1A1



 41 

A11615

1615

A12536

8AC

266655HL26

HL5HL

56HL
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16

1615

16

HL2625

16HL1615

(Correction 

Factor=CF)(SF)1615
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dB1516

Starting Level (PTA ,A/C) = Thereshold of the NTE + CF + Safety Factor ( 10to 15 dB) 

 

= A/C nte+ Satety Factor (SF) +CF 

1635 dB = (10 dB) + (10-15 dB) + (15dB) 

 

(Central Masking)

5

5



 41 

1 

2 5

 

3 5

 

1  

A8

5506

A8

8



 45 



 40 

5

A8

16

1 5

2 5

 

3 35

 

1  

5

 

 

 

 



 41 

 

 

5

16 

 

B835

35HL16HL26

15HL16

56HL

15HL5

16HL 

5

C8
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(Noresponse)

C8 

0

256566166626155

8

 



 44 

 

 

0(dB)

1615

=

 +++ 



 166 

Starting Level (PT/ BC) = threshold of the nte+ CF + safety Factor (10-15 dB) + OE 

8AC

AC56616HLACBC

ACBC05

16BC

01

BC566

ACnte+ SF + CF +OE= Starting Level 

(10 dB) + (10 -15 dB) + (10 dB) + (15 dB)= 45- 50 dB  

15

566ACBC

5A82

5



 161 

A812516HL

5B8

12B812BC

5HL26HL

5

BC16HL

BC5

C812

BC

C812



 162 

161546BC

46

06HL

06

(SRT)

SRTPTA

SRT(Subtraction)

16

SRT

SRT35]35

1516[

SRT25SRT

AEG

                                           
1 - Studebaker, 1979. 
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SRT= dB
*35

Starting Level (SRT) = PL SRT te- 35 dB
*
+ Average ABGnte 

* (45 dB Minimum Interaural Attenuation Level- Safety Factor) 

 

 

 

 

 

 

 

 

 

 

 

 

 

A,B412SRT

AABGBABG

2
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A012ABG

PL(TE) – IASRT + CF + AVg.ABGnte= Starting Level SRT 

75 dBHL – 35 dBHL + 10+ 0 = 50 dB – dial setting 

56

BC

BCACSRTSRT5

SRT

SRTSRT

ABG

B412

SRT5

SRT
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(WRT)SRT

(Acoustic Method)

SRTWRT26

2525

15HL26

25

                                           
1 - Studebaker, 1979. 
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ABG

Starting Level = PL (TE)- 25dB
*
+ AVg.ABGnte(word recognition tests) 

 (45dB Minimum interamvral attenvation level- 20dB 

safety factor)

  

WRTSRT

ABG56616662666

A,B1612

2A1612

ABG

Plte- IA SRT+ CF + AVg. ABGnte= Masking Level (word intel) 

80dB HL – 25 +10 + 0= 65 dB dial setting. 



 161 

05

B1612

ABG

Plte- IA SRT+ CF + AVg. ABGnte= Masking Level (word intel) 

80dB HL – 25 +10 + 25= 90 dB dial setting. 

46

(AC)

1 

2 



 168 

ACte-ACnte>=IAACte-BCnte>=IA 

3 

15 

1  

5 5

 

0 

5

 

1 5035

(Plateau)
1 

8 

ASHA)1441Δ

□

 

                                           
1 - R. K. Beedle, 1971. 



 164 

1 

2 16ACte – BCnte>

 

3 ACnte+ OE + 15 dB

 

1 

 

5 5

 

0 

5

 

1 5035

(Platear) 
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8 

ASHA

1441[] 

 

 

1 SRT

2  

SRTte – SRTnte > IA 

SRTte – BBCnte > IA 

SRTte – ABG (500, 1000,2000)nte > IA 

BBC= Best Bone Conduction 

ABC= Average Bone Conduction 

IA = 40
1
 or 45

2
 

3 SRT

36SRT

 

Masking = SRTte – 30 +ABG = nte 

                                           
1 - Essential. 

2 - Katz & Rosser. 
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1 SRT 

5 SRT

5 

(Most Comfortable Level, "MCL")

SRTSDT

IA

MCLte – Best BCnte>IA

Max Masking = BCte + IA 

MCL

PBHLte _Besr BCnte >IA 

EM= PBHLte – IA + ABGnte 
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ER-3A

2 

3  

Denenberg, Skave1418

ER-3A54

16

16


