
MASTER EXAM COGNITIVE NEUROSCIENCE       

AUDITORY PERCEPTION (CNPA04)

JULY 05, 2010 

13.45 --16.45 
                                                            THE EXAM:

This exam consists of two parts with a maximal duration of 3 hours: 

(i) PART ONE: Questions 1-5 relate to the lectures given by of dr Van der Willigen, 

(ii) PART TWO: Questions 6-7 refer to the lectures given by prof dr van Opstal.

                                                            GRADING: 

The grade of this written exam is weighted according to the number of lectures, 

which is 5:2. 

ANSWERING:
You are encouraged to use simple diagrams to illustrate your answers when appropriate. Marks will also be awarded for the coherence and structure of your explanations.

                                                      Good luck!

          dr RW van der Willigen and, prof dr AJ van Opstal

PART ONE, QUESTION 1 Psychophysical Theory:

Describe a simple yes/no detection experiment from the point of view of

signal detection theory. 
(a) Include the definitions of the following concepts

                (with appropriate graphs):


hit


false alarm

 
miss

 
correct rejection


d´

threshold
 
bias

 
criterion


ROC curve
(b) Explain if it is possible to retrieve ROC and Bias data form a simple one-up

     one-down tracking experiment. Include in your answer the following

     concepts:



Noise Only


Random “internal” Noise


Noise + Signal



Adaptation

(c) Scaling can be defined as using rating scales to assign relative values to 
     sensory experiences. Explain how scaling is highly relevant for the 

     psychophysical determination of loudness, but is  less of a problem in 

     auditory localization tasks.
PART ONE, QUESTION 2 Masking:

Suppose a person had, in the absence of a hearing loss, unusually broad

auditory filters. Of the following perceptual attributes/abilities, which do you

think would be affected by this broad filtering, and which would not? Explain

your reasoning for each case.

(a) 
threshold for a tone masked by a broadband noise
(b) 
pitch perception for pure and complex tones
(c) 
detection of slow amplitude modulations in white noise
(d) 
loudness of complex signals, both periodic and aperiodic

(e)
intensity discrimination for broadband noise

AUD PART ONE, QUESTION 3 Frequency-coding: 

For each of the following 4 sounds, describe the possible cues that are available in auditory nerve fibres to signal their pitch. Ensure that you explicitly describe the acoustic structure of each of these sounds, in time and frequency:

(a)
A sinusoid at 500 Hz

(b)
A sinusoid at 8 kHz

(c)
A train of narrow (10 µs) pulses at a fundamental frequency of 200 Hz, 
                     filtered at 900 Hz with an ideal low-pass filter
(d)
A train of narrow (10 µs) pulses at a fundamental frequency of 200 Hz, filtered at 4 kHz with an ideal high-pass filter
Include the following 5 concepts in your answer: 

(1) Place coding
(2) Phase locking

(3) Harmonics

(4) Volley Principle
(5) Auditory filtering
Finally, provide “Matlab” code that allows to accurately display the time and frequency domain of sound (a) and (b).  You will get bonus points if you can provide additional code that allows you the Low-pass and High-pass filter  the sounds (c) and (d), respectively.

PART ONE, QUESTION 4 Psychoacoustic techniques:

Describe, in detail, the following psychoacoustic techniques for assessing frequency selectivity. Explain the rationale behind them, and use appropriate diagrams to illustrate the typical results that would be obtained.


(a)
psychophysical tuning curve

(b)
notched-noise masking


(c)
audiogram

Include the following 6 concepts in your answer: 

(1) probe
(2) noise masker
(3) physiological tuning curves
(4) off-place listening

(5) wide-band masker

(6) auditory filter
PART ONE, QUESTION 5 Loudness:

(a) Sketch the audible area of a normal human listener. 
(b) Define the notions of MAF, MAP, threshold and dynamic range. 
(c) Describe the phon scale and sketch a few equal-loudness contours on your graph. 

(d) Explain the notion of Weber’s Law, and evaluate its accuracy for the discrimination of intensity. 

(e) Explain, giving at least two examples, why the loudness of a sound is not

          simply proportional to its intensity.

PART TWO, QUESTION 6:
a) Explain (use illustrations) how the mechanism of coincidence detection in the auditory midbrain (MSO, medial superior olive) can be used to localize sound.

b) Each cell in the MSO is still sharply tuned for a particular frequency. This poses a problem for the “Jeffress model”. Elaborate on this problem and provide an explanation on how it might be solved higher up in the auditory pathway.

c) How do cells in the LSO (lateral superior olive) encode sound direction? 

d) Explain how spectral-shape filtering is caused by the human pinna. 

Use illustrations. Bonus: provide a calculation for a particular sound frequency that illustrates and supports your explanation.

e) What are the differences between the human and barn-owl sound-localization systems? (also use illustrations)

PART TWO, QUESTION 7:

a) Describe how you would experimentally test that the human sound-localization system uses different sound-localization cues.

b) Give a stimulus-response plot for azimuth and elevation of a monaurally deaf listener when localizing broadband sounds in the two-dimensional frontal hemifield of randomly varying intensities. Explain your plot.
c) The same as in (b), but now the pinna of the hearing ear has been homogeneously filled with wax, without obstructing the ear canal.
d) Describe (and motivate) an experiment that tests whether sounds in the human auditory system are represented in a head-centered reference frame, an eye-centered reference frame, or a body-centered reference frame. Describe the differences of these reference frames, and explain how your experiment would differentiate them.


