SPHSC 461, Hearing Science
Sample Exam 3 #2

Define the following terms:

1. Sound source segregation

The process by which the components of simultaneous complex sounds are assigned to particular sound sources.


2. Lateralization

The perception that a sound is located at a particular position inside the head when the sound is presented under earphones.


3. Minimum audible angle

The change in the spatial location of a sound source that can just be discriminated.

True  or false?

4. ___T___ Pitch height continues to increase as the frequency of a sound is increased. 
5. ___ T__  Sound source elevation is coded in the auditory system by spectral shape changes introduced by the external ear.
6. ___ F__  Spectral shape changes imposed by the external ear cannot be used to code sound source position in azimuth.
7. ___ F__ Our ability to identify the components of a complex sound as coming from the same source depends exclusively on our ability to localize the source.














8. Explain how outer hair cells are important in frequency discrimination of pure tones. Consider both of the codes that are involved in frequency discrimination. 

The outer hair cells are responsible for sharpening the representation of frequency in the auditory nerve’s representation of the amplitude spectrum of a sound, or the rate-place code. The auditory nerve also represents the time waveform of sound (the temporal code); although both the fine structure and envelope are represented at low frequencies, only the envelope is represented at high frequencies. A person could use either the rate-place code or the temporal code to discriminate between low frequency tones, but only the rate-place code to discriminate between high-frequency tones. People are relatively better at discriminating between low frequency than between high frequency tones. It is believed that this is because they use the temporal code to perform this task at low frequencies.


9. What is meant by “virtual pitch”? Describe one theory of how virtual pitch arises. 

Virtual pitch is the pitch we hear when we listen to a harmonic complex with no fundamental frequency. The virtual pitch corresponds to the pitch of the fundamental frequency. Temporal theories hold that the brain can extract the fundamental frequency from the response to combinations of the harmonics, because when two harmonics are combined, the resulting waveform repeats at the fundamental frequency.


10. What do phenomena like comodulation masking release and the masking level difference tell us about people’s sensitivity to sound?

Both comodulation masking release and the masking level difference are improvements in the threshold of a target sound that occurs when the masker is changed in some way that makes it perceptually different from the target sound. The sorts of changes that lead to this sort of threshold improvement are the differences between sounds that we use to perform sound source segregation. For comodulation masking release, the difference is in the temporal modulations; for the masking level difference it is in the perceived spatial location of the sounds. That threshold improves under these conditions tells us that people can hear sounds better when they can segregated their sources.




11. Why would a rat depend primarily on interaural intensity differences to localize sounds in azimuth? 

A rat has a small head. Therefore, the maximum arrival time difference (ITD) between the ears would be small. However, as long as the rat can hear very high frequencies, his head would be able to create a sound shadow. The sound shadow is the reason that we get interaural intensity differences. 
Essays. Answer 2 of the following 3 questions.

1. How is sound source segregation dependent on the codes for sound carried in the auditory nerve?
2. Define “masking”. Does masking depend on any fundamental aspects of hearing other than frequency selectivity?
3. To what extent does speech perception depend on the accuracy of the auditory nerve’s representations of sound?

1. Sound source segregation is the process by which we separate the components of concurrent complex sounds into their respective sources. That is, it is when we figure out which of the multiple frequency components we hear belong together. To do this we use several different acoustic cues. These are temporal (temporal separation, modulation, and onset/offset), spectral (spectral separation, spectral profile), periodicity, and spatial cues.

The auditory nerve carries two representations of sound, the rate-place code, which is a representation of the amplitude spectrum of sound; and the temporal code, which is a representation of the time waveform of sound. Both the fine structure and the envelope of waveform are represented at low frequencies; only the envelope of the waveform is represented at high frequencies.

The spectral cues depend on the rate-place code. To be able to tell that two sounds are in different spectral ranges or that they belong to different spectral profiles, we have to know what the amplitude spectrum of the sound is like. The temporal cues are carried in the representation of the envelope of sound. Periodicity refers to the fact that the components that belong together may all be harmonics of the same fundamental frequency. So temporal theories would hold that that information is carried in the representation of the fine structure, while pattern recognition theories would say that it depends on the representation of the amplitude spectrum. Spatial cues are the most complex, because to figure out the spatial location of each component, we have to combine information in the amplitude spectrum (interaural intensity differences and spectral shape cues) with information in the time waveform (interaural time differences in the fine structure and/or the envelope). 

2. Masking is the reduction in the audibility of one, target, sound caused by the presence of other sounds, or maskers. Masking is known to occur when the masker contains frequencies that are near the frequency of the target sound. The nearby masker frequencies can swamp the response of auditory nerve fibers to the target sound or suppress it. The auditory system contains a bank of bandpass filters, and frequency selectivity refers to the width of these filters, often called “auditory filters”. When the auditory filter is broad, there will be a broad range of masker frequencies that could mask the target; when the auditory filter is narrow, there will only be a narrow range of masker frequencies that can mask the target. Thus, which masker frequencies are effective in masking the target depends on frequency selectivity.

However, when multiple complex sounds are present, even if no swamping or suppression of the auditory nerve’s response to a target sound is occurring, we still have to be able to figure out which of the many frequency components that we hear belong to each sound source before we can decide if we hear the target. This is the process called sound source segregation. There are many examples of laboratory experiments, such as comodulation masking release and the masking level difference, that demonstrate that we can hear a target sound better if we can segregate the target from the masker better. The acoustic cues that we use to segregate sound sources include both spectral and temporal cues, and thus, depend on not only frequency selectivity, but temporal resolution and periodicity perception, as well as the ability to localize the sound source in space. So under most circumstances, masking depends on just about every fundamental aspect of hearing and both the rate-place code and the temporal code for sound.

3. Like all sounds, speech is represented in two ways in the auditory nerve’s response. The amplitude spectrum of speech is encoded as the combined firing rate of auditory nerve fibers at each place along the basilar membrane, where different frequencies lead to activity at different places. The time waveform of speech is encoded in the timing of action potentials, because the auditory nerve response is phase-locked to the sound. Both the envelope and the fine structure of speech are represented at low frequencies, while only the envelope is represented at high frequencies.

Information about speech features is carried in these codes. For example, the representation of the amplitude spectrum can be used to identify vowels and the place of articulation of consonants. The representation of the envelope of sound can be used to identify the manner of articulation and voicing. Information about voicing is also carried in the representation of the fine structure, as is information about lexical tone and prosodic intonation. Generally, more than one representation can be used to get information about a speech feature, so if one representation is deficient, another one can be used. However, under some listening conditions, such as in noise or reverberation, one representation can be disrupted, making a listener more dependent on another. So for example, a person with a sensorineural hearing loss has broad auditory filters, giving them a degraded representation of the amplitude spectrum. This might not be a problem in quiet, when there is no masking going on and when temporal information can be used instead of the degraded spectral information. However, the “dips” in the time waveform envelope can get “filled in” with noise or reverberation. Ordinarily, a person would revert to using spectral information in there conditions, but if the person has a degraded representation of the amplitude spectrum because of broad auditory filters, he or she wouldn’t have anything to fall back on in noise or reverberation. So sometimes speech perception is highly dependent on the accuracy of the auditory nerve’s representation of sound.

On the other hand, the auditory nerve’s codes for sound are not sufficient to explain speech perception. We identify speech sounds as belonging to phonetic categories based on the auditory nerve’s codes for sound, but extensive experience listening to speech changes the boundaries of these categories so that some acoustic differences make no difference to our perception. For example, we would identify a /ba/ with a VOT of 5 ms as the same as a /ba/ with a VOT of 10 ms, even when the auditory nerve carries enough information about the envelope of sound to allow us to hear such small differences. Our interpretation of a particular sound, moreover, depends on the phonetic environment, the idiosyncratic characteristics of a speaker’s productions, our expectations about what is being said, and accompanying visual information.

So while a deficient representation of the speech sound may handicap a listener under some conditions, there are many other sources of information that affect our perception of speech.
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