Contents

PREFACE xiii
CHAPTER 1 SOUND AND THE AUDITORY SYSTEM ............ 1
The Nature of Auditory SHMULL ......cceeevieriereeniccmerr e 1
Our Auditory Apparatus .........co.ceeeeecesennes 6
The Quter Ear and the Middle Ear 6
Structure of the INNer Ear ....eeoeeiceiiieieeeniereee et nessesnenseene 9
Neural Structures and Auditory Pathways .......cccocvevreeevcicriicnenieninnen. 13
Mechanics for Stimulation within the Inner Ear ........cccccocivininnenne. 16
The Auditory-Acoustic Paradox: Excellent Discrimination
from a Poor INStrument ......ccevecvecireesirennniinnnensensrenssssessnrssansssessnes 21
Electrophysiological Response of the Cochlea and Peripheral
Neural APpParatus  .....cccceocvereenrmrircrssiesneseriesniensssssssse s esnereesses 22
The Resting Potential .......ccccocvvveerierecniiniie s sssissscsenes 22
The Summating Potential ...... 23
The Cochlear Microphonic 23
Whole Nerve Action Potential ......cccooovvrmiineevenniviicinencinieinieeis 25
Single Unit Receptor Potentials .......cccoooiviiierinniieeninnsinciesssnnecneenes 25
Single Unit Generator Potentials ........ccovvivinmninnsiesnnncisnnenenennnnes 26
Action Potentials of Auditory Nerve Fibers ..o, 26
CHAPTER 2 SPATIAL LOCALIZATION AND
BINAURAL HEARING ...o.coooiiiriircninnenicrinane 31
Binaural Perception of AZImUth ....ceveeeviinininns s 32
Minimal Audible Angle .....ccccmevencecmiinrin oo casanens 37



viii Contents

BiNaural BeatS ....occcoevecviieirieieersreeeerneressseeseseessesssnesssesssissesesssssnseness 38
Detection of Interaural Delays for Clicks
and for Complex SoUNdS .....cccceecrervriiiicnniiiiiniee e 39
Detection of Long Interaural Delays .......cocoviriimneenioiniinnirneciecinis 40
Contralateral INAUCHON .ccvviieeireeriereectee st escseses e ssiisssresessmaeeeeee e 41
Masking Level Differences ......ccooceceeeecvmeiiimririnmsimsssiieinninenesiesescsse e 45
Two Types of Temporal Disparity 47
Time Intensity Tradifi ......coceeoererreerrmccecieennrie st 48
Some Cautions Concerning Interpretation of Studies Using
Headphones ......c.ccviieceerieecnenteeetecris s sss s sss s s et s st e cssensons 49
Importance of the Pinna in Sound Localization .......ccccceviieeinennnnn 49
ROOM ACOUSLICS  .eeeeeeerieiierereessvereeinseeassstansseesssssseresisesassseserssnsassssasssnsrasas 53
Auditory Reorientation ..........ceceeceemecenniirrinniissisissessssesescesstnesssnans 53
Estimates of Distance from the Source .....ccceveviiiiniiniininiiiescrnnienns 54
Sensory Input and Physical Correlates ......cococeeimmeiiineinnnncncenenccne, 58
CHAPTER 3 PERCEPTION OF ACOUSTIC REPETITION:
PITCH AND INFRAPITCH ... 59
TerminNOIOGY ...ceevrnrrreeriiieiariererinesesessenescssnesesesssssenessissesesssmesssnssssssseessnens 59
PR oottt ee e et et e te s e et et senasbe e st e e aa s e s e e e e e s ran e sreeabenresbben 60
MaSKING cevveevereriireierereee st s e e s cssr s e sbn e e sbn e e 64
Critical Bands ......cccoeveeiverieiieciisrcereieseteoseesenesseeessenesersemmesnsssessanes 67
PIace TREOTY .oeevevivieeteeiecetereee st st cnee e e s nesene st essesanesbes e sannabsses 68
Periodicity THEOTY ...ccceveiiririrer e see et s st s s et s nnrnesasaens 70
Schouten’s Residue PIHCR .co..ecovvievierrericirriierneeeeesneeseeesesenessnecssasens 71
Pitch of Inharmonic CompleXes ........cccevreriinericcinnninnineenneens 72
Spectral DOMINANCE ......coivveecrvrrreeneriiinneniseesisesseerseessessasssssees 74
Periodic Sounds and Local Temporal Patterns on the Basilar
MEMIDIANE ...oiiceiieeeiieirerccrreereeeesrenesesenersssesssaesesssanssersnersassanssrnessrsnrens 74
Model Periodic Stimuli Versus Special Periodic Stimuli ..........cocuueee. 77
Iterated Noise Segments as Model Periodic Sounds ......ccccoovveevmruernnncnnc 78
Pitch and INfrapitCh ......ccooeevrecrirner et s tane s rsnees 80
Perception of Multiple Infratonal Frequencies
Stimulating the Same Cochlear Loci 85
Echo Pitch and Infrapitch Echo ....ccccovenreencicrennienn 85
Periodic Signals with Alternating Polarity 2
Alternating Polarity Pulse Trains .....cccoceccevernerisinssiisnncsnsisnnieinnnens 96
Pitches Produced by Dichotic Interactions ..........ceevvvnmininnecicnnenenenienns 9%
Ear Dominance for Perception of Pitch ...cc.cccviioicvinivnminsriiciinininneens 98
Musical Pitch and Musical Infrapitch (Rhythm) .ocovonecvmveeiee. 99
Complex Beats: Integration of Different Infrapitch
Periodicities at Different Cochlear Loci ...coocvviimiireninninneranecennnnes 100
Effects of Deviations from Strict Infrapitch Periodicity .......coeevnenes 101

Some Recent Models for the Pitch of Complex Tones .......ccemvnirnneen 102



Contents ix

CHAPTER 4 THE MEASUREMENT OF LOUDNESS

AND PITCH ...t 104
Sensory Input and Perception ..........cceoveeereeveeeereeeee e eveeseeeeesessseneen 104
The History of Loudness Measurement .............coveeeeeeeeeevreveoreeeereereenenn 105
Apparent Loudness and its Relation to Auditory Localization:

The Physical Correlate Theory .......couviivireeeerireeeee e reeereeeeseresassesenes 107
Equivalence of Half-Loudness and Twice-Distance Estimates ... 109
Agreement of Half-I.oudness with the Inverse Square Law ...... 109
Effect of Reverberation on Loudness Functions ..........ccoccevvievennnnn. 112
Loudness of Self-Generated Sound ........cooeeeeiviiveeicvinieeeoreereseeenias 114
Learning of a New Physical Correlate for Loudness ........ccccovvevvreene.. 115

The Mel Scale of Pitch Magnitude

Some Conclusions and INferences ........oococvueeeeeeereveeesessreeerseenssesseenes

CHAPTER 5 PERCEPTION OF ACOUSTIC SEQUENCES 119

Rate at which Component Sounds Occur in Speech and Music ............ 119
Identification of Components and their Order .......cccoovveveveeerrecresrenrenennn, 120
Temporal Order Identification within Extended Sequences .................... 122
Identification of Order for Sequences of Unrelated Sounds
and for Sequences of Speech SoUNAS wueeeeeeveeeereeeeieseereeeerereeseenes 123
Identification of Order within Tonal Sequences ......ceeevevveieveecorennnn. 124
Identification of Order and Verbal Labeling .....c.ccccovvvvivvcereveecnnnnnns 126
Need for Verbal Labeling for Serial Order Retention in
Memory EXPeriments ........coucoecveveeineieeee e e esresessesssees et san 128
Identification of Patterns Without Discrimination of Order:
Holistic Pattern Recognition ..........ccecvvvcveeuisineiecsnsesseeesesessessesessnenes 129
Extent of Temporal Mismatch Permitting Holistic Pattern
Recognition ......ccccieviiceirce vt ne s 131
Should Trained or Untrained Subjects be Used? ...........c..coueuveneenn.... 132

A Comparison of Holistic Pattern Recognition with
Identification of Components and Their Orders Using

Untrained SUDJECES ....cvvcvveveecireeeicreiessee e ssetc e sss et eesessassaessassessens 133
Holistic Pattern Recognition and Detection of Acoustic
RePELIHION ....oviceiecietcerie ittt s ece s v e st sss e s enesousrae e eraane 136
Holistic Pattern Recognition and Context-Sensitive
SPeeCh SOUNS .covovieeiecieniereereceeiee et et vsae b ae et emae 136
Identification of Components and Their Orders and Holistic
Pattern Recognition for Dichotomous Patterns ........ccocvveeevvevenenaen. 137
Holistic Pattern Recognition in Animals Other Than
HUMBNS vttt erere e e staecsseesaresasssassevaeass s esenesneeon 137
CONCIUSIONS oviueiieieciirececeeerer e et ce s ser st s srse e s sr s b s sesbessesasessenasonessosnean 138
CHAPTER 6 PERCEPTUAL RESTORATION OF
MISSING SOUNDS .......coooeirvecmeeeesereeeseeens 140
Temporal INAUCHON ....coivceiieneeecee i crtes v rrasse e e e sreesasssses e ssavos 140

Homophonic ContinUity ....ccoeeceevereiecorcecec i e ssrseeseesnsnens 141



X Contents

Heterophonic CONtNUILY ....ce.cocvnerrereiicssiiismniininsneseseserneserecssssssssssnsesas 142

The Roll Effect as Tonal Restoration .......cc.cceeccceeeviinveninnnsiicniinenenn 146

Temporal Limits for llusory Continuity .......cocevereeeienveninciniiicienene 146

Hlusory Continuity of Stimuli Repeated at Tonal and

Infratonal Frequencies ......ccccervininiinveciinnecnnere e e 146

Incomplete Continuity or Illusory Lengthening ......ccecceeieiineennns 147

Tlusory Pattern Completion: Restoration of Frequency

GHABS ooveveceeeereeecerrsseresesssseesensessssessssasssrassnasaseesaesessasasssassessrnsessnsssnanas 148
Temporal Induction of Speech ... 150

Phonemic ResStorations .........cccceveveececereemmercscsstsneossncsisieesssmesssssaresnns 150

Apparent Continuity of Speech Produced by Insertion

Of NOISE IO GAPS .eeevvrerreeerirecrmrescnresiosnessasasssssssssessserssssasssesansssesnes 151

Increase in Intelligibility of Speech Produced by
Insertion of Noise into Gaps: Multiple Phonemic

RESLOTALIONS  ceeeeeeeviiiiseriresreeeseserereareesssssersssastasessssemssssnasssarannssnssssaness 153
Masking and Unmasking ........cccevevvrrmnrmamiresnennsnnnencee i 155
CHAPTER 7 SPEECH ........irrceiittseicccrcesnnsensne s 156
Speech Production ......c.cocccnieiienmnssressssmssassse e snesinsnanes 156
The Subglottal SYStEM .....cccceeeeciiiniiiniee et 157
The LArYNX .occcecceeerecereeeerirecnssecstnonssassesnnssassssssessesssssessssssansinsasanes 158
The Vocal Tract and Articulation of Speech Sounds .........cccoveveeenne. 161
Visual Representation of Speech Sounds ........cvvenimniiicinnncncnnnciinnn 166
The Protean PhONeme .......cvcceevvericerscenimemiiiiisissinessssssessmssrsssssssesssseses 170
Are Phonemes Perceptual Units? 172
The Alphabet and the Phoneme 172
Tlliterate Adults Cannot Segment Phonetically .....c.ccconiciennnicninneen. 173
Ability to Segment Phonetically and Reading Ability
Are Related in Children .....ccecevceeeveeceenmeieiiiiminniennee e siecsenss 173
Cues for Identifying Phonemes and Characterizing
LLOOIS o ceeeeeeeeceeeeeetieieseertesrssseesesbesasesesernaneassnrsessnsssssrressrsnanasnnsssaacs 174
Evidence that Phonetic Constituents of Speech Are Not
Identified Directly .....ooeeeccvervnvirevcrcrcniiiienines

The Temporal Course of Speech Perception
Skilled Storage and Delayed Perceptual Organization

Of SPEECR .ceeeeet e s 177
Speech Errors in Everyday Life ......oovoiirieciirncccrcnccnnninenies 179
Changes in Speech Perception During Stimulus Repetition ..........cc.co.. 180

Verbal SAHAMOMN «..ccvveervrereirererireseereeressessuressaesesesssussssnssssnsisssssnsesssassess 180
Verbal SUMMAHON .ovvvereieerreeerrrirceeeceseensseerssssissmsnssaresssansasesssssssassns 180
Verbal Transformations .........viecervereerernesrresmasssesisssierssnresassrsssssaracsses 181
Ear Advantages and Cortical Processing of Speech ........cccoeciveiininnnes 185

Perception of Linguistic and Nonlinguistic Sequences ..........ccccerennens 186



Contents xi

CHAPTER 8 THE RELATION OF HEARING

TO OTHER SENSES ... 188

Multimodal Perception .......ciccveccerecrineeiiieneseesarrresisseennies e ssssessnassnseens 188
Interaction of Vision with Senses Other than Hearing .......cccccoceuceeee. 188
Interaction of Vision and Hearing in Speech Perception ................... 190

Perceptual Resolution of Conflicting Visual and Auditory
Information Concerning Speech
Auditory Input Perceived as Touch

Multimodal Sensory Control of Speech Production ........cccovveeviiiiinnniane 192
General Perceptual Rules and Modality-Specific Rules ...........cccoeeiine 192
Perceptual Calibration of Sensory INput ........cccceiieninneeinieneericieneneennes 193
REFERENCGES ...ttt tvntteseivatessesvesessstes sessesessnssrsenses 197
AUTHOR INDEX ...oeetetetrirenesteeevesassereaeesssessessssessanessrven 221
SUBJECT INDEX ...ttt rrereneeeesessssaesecsseseersasassssans 229

ABOUT THE AUTHOR .......cccciiiciiicec et 239



