
AS

UNCLASSIFIED

_  
_

V END
DATE

_____________ FILMED

4,~77



U nclas s it icc i
SICURI1Y CL IFICAT ION O~ THIS PAGE (WP~.n Dali Enl.r13)

_____________________________________________________ BEFORE_COMPLETING_FORM

~~~ 
~~~~~~~~~~~P0RT DOCUMENTATION READ INSTRUCTIONS

ER 3. RECIPIENT S

_ _ _  ~~~~~- “7 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

•IJL .. ~~ ,u IFU.) ~~~ 5./ rYPE OF REPORT S PERIOD RED ~
A~~R EDIC TIVE MODEL OF THE~~ UDITORY 

J 

fFina1,8’cientUic ,R~e~~~~t /
31 Dec 76 1—~~ROCESS AS ~~ELATED TO COMMUNICATION 1 ~ra~~~~fr_ R P O ~~~~~~~~~~E~~~(

~~ ~ YS TEMSJ~~~ 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

~~~~~ 7~~ 4~J~THOR(.) 
- 

S. CONTRACT ON GRANT NuMSER(.)

~~~ ~~~~~~~ay B/~ ac~~~ ~~~~~~~~~~~~~ 

_ _ _ _ _ _ _ _ _

~~~~~ PERFORMING ORGANIZATION NAME AND ADDRESS $0. PROGRAM ELEMENT. PROJECT . TASK
AREA S WORK UNIT NUMBERSThe Johns Hopkins University - 

6l lo2FSchool of Medicine , Biomedical Engii!iering
~~~ Baltimore , Ma ryland 21205 2312A4

I I . CONTROL LING OFFICE NAME AND ADDRESS ~ $5 RIP4NT BAT S

Air Force Office of Scientific Research (NL )~~~~ 15 Feb~~~~~~ ~7~7 ._
.

Boiling AFB , DC 20332 i~~. NUMWEN v —~~~.U

_________________________________________________________________ 
5

*4. MONITORING AGENCY NAME & AODRESS(Il dUf .r.,,l h o rn  Controlling Off ici ) IS. SECURItY CLASS. (of thl• r.port)

Unclassified

~~~~~~

. 

~~
jjjjj ~Z.2j~ ~ _.117 ~jj ,4~/ _/ ISa . DECLASSIFICATION/DOWNGRADING

SCHEDULE

I~ . DISTRIBUTION STATEMENT (of hi. R.port)

Approved for public release; distribution unlimited.

17. DISTRIBuTION STATEMENT (of ffi. ab.tracl .nt. r .d i~ Stock 20. Sf dSf h.r . n t from R..porf)

IS. SUPPLEMENTARY NOTES

19. KEY WORDS (Continu. on ,.v.r .. .ld. ii ~~~~~~~~~~~~~~ ~~d id.ntify by block num b.r)

~~~C)
C..) A B ST RACT (Conllnu. ?•V~~? lid . U n.c...aly and id.ntShy by block numb.,)

~~ tudies involving the coding of comp lex stimuli in the cochlear ne rve revealed
LL~ that recovery functions for auditory ne rve discharge rate following one

U — minute exposures to tone s resulted in increased rapidity of recovery as test
tone intensity increased. Recovery time-constant is a monotonic decreasing

~~ ‘ function of test intensity and exposure intensity. Recovery of human
us, ~~~ detecti on thresholds were measured following similar exposures and it was

found that recovery time-constant is a monotonically decreasing function of 4’
DD 1 JAN 75 1473 IOITION or I NOV SI IS OBSOLETE Unclassified

~~ 7 ~~~~~~ ~~~~~~~~~ 
- - 

SECURItY CLASSIFI CATIOPJ (1W tW 19 PAI F (WA.,, flat. ~~~~~~~~



Unr 1~i~~~ 4 f i ~~rl
SCCU~~ITY CLASS IFICAT ION OF THIS PAGC(*b.n D.~. I.ee.~.d)

20. ConVd.
V

tes t-tone intensity but is a non-monotoni c function of exposure tone intensity.~ ~Measurements of rate versus level functions for auditory nerve fibers for
tone stimuli indicated there is a continuum of saturation behaviors related to
fibe r thresholds and that rate-level functions slope s depend on both frequency
of tone and threshold of the fibers . A stimulus-response relation for two-ton
stimuli was expanded to consider those where the ratio of component ampli-
tude s were held constant. Thi s case corre spondes to a continuou s spectrum
signal (e. g. ,  speech) whose spectrum is held constant while overall ampli-
tude is varied. The f i rs t  study of coding in the cocblear nerve was completed
and published. It showed that the stimulu s transformations performed by the
avian cochlea are similar in most respects to those performed by the
mammalian cochlea . Re sults dealing with the coding of stimuli in avian
cochlear nuclei showed nucleus magnocellularis presents a homogeneous
population of cells , whereas cell s in the nucleus angularis are more
comp lex and are of at leas t three types based on response and inhibitory
areas .

— 

* I

II

Unclassified



AFOSR - TR - 7 7 - 036 4
FINAL TECHNICAL REPORT CONTRACT No. F44620-76-C-0066

PREDICIIVE ~4JDEL OF TIÜ~ AUDITORY PROCESS

~~ ~~LATED TO C(
]~tvUNICAT ION 

sysr~~
I. Coding of Complex Stimuli in the Cochlear Nerve

All of the work related to this part of the project has been pub-
lished. A brief statement of results will be given here.

1. Adaptation in the Cochlear Nerve: Physiology and Psychophysics

A. Recovery functions for auditory nerve discharge rate following
one—minute exposures to tones were measured with the following results:

i. Recovery proceeds more rapidly as test tone
intensity increases. Recovery time constant
is a monotonic decreasing function of test
intensity.

ii. Recovery time—constant is a monotonically de-
creasing function of exposure intensity.

B. Recovery of human detection thresholds were measured following
similar exposures with the following results:

I. Recovery time—constant is a monotonically
decreasing function of test—tone intensity.

ii. Recovery time-constant is a non-monotonic
function of exposure tone intensity, in-
creasing at low levels and decreasing for
higher levels.

iii. The psychophysical results are predicted
by a signal detection model based on the
physiological results.

References:

Young, E. and Sachs, M. B., Recovery from sound exposure in auditory-nerve
fibers, J. Acoust. Soc. Am. 54: 1535—1543 (1973).

Young , E. and Sachs, M. B., Recovery of detection probability following
sound exposure: comparison of physiology and psychophysics, 3. Acoust.
Soc. Am . 54: 1544—1553 (1973).

Young, E. D., Recovery from Sound Exposure —— A Comparison of Psycho-
physics and Physiology, Ph.D. Thesis, Johns ~Iopkins University, 1972

2. Responses to Pure Tones
A. Rate versus level functions for auditory—nerve fibers ~or tone

stimuli have been measured with a number of surprising now ~esu1ts:
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A . There is a continuum of saturation behaviors
related to fiber thresholds.

ii. Slopes of rate—level functions depend on both
the frequency of tone and threshold of the
fibers.

These results are accounted for by a model relating basilar membrane
displacement to fiber discharge rate via a saturating nonlinearity.

References:

Sacha , M. B. and Abbas, P. 3., Rate versus level functions for auditory—
nerve fibers in cats: tone—burst stimuli, 3. Acoust. Soc. Am. 56: 1835-
1847 (1974). *

3. Responses to Tone-Tone Stimuli

An earlier stimulus—response relation for two-tone stimuli has been
expanded. The cases considered were those where the ratio of component
amplitudes were held constant. This case corresponds to the situation in
a continuous spectrum signal (e.g., speech) whose spectrum is held constant
while overall amplitude is varied.

Cross differences in behavior were found for second tones above
and below fiber cE. These differences were well accounted for by an ex-
tension of our single-tone model.

References:

Abbas, P. 3. and Sachs, M. B., Two-tone suppression in auditory-nerve
fibers: extension of a stimulus—response relationship, 3. Acoust. Soc.
Pm. 59: 112—122 (1976).

J%bbas, P. 3., Discharge Rate of Auditory-Nerve Fibers to Two-Tone Stimuli:
An Experimental Study and a Model, Ph.D. thesis, Johns Hopkins University,
1974.

Sacha , M. B. and Abbas , P. 3., Phenomenologica]. model for two-tone suppres-
sion , 3. Acoust. Soc. Am. 60: 1157—1163 (1976).

XI. Coding of Stimuli in the Avian Coch].ear Nerve

The first study of coding in the cochlear nerve was completed and pub-
lished. This study showed that the stimulus transformations performed by
the avian cochlea are similar in most respects to those performed by the
mammalian cochlea.

Reference:

Sacho , M. 3., Lewis, P. 11., and Young, E. 0., Discharqe patterns of single
f ibe rs  i n the piçeon auditory nc~ve, Prai.n Research 70: 431-447 (1974).
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t XXI. Coding of Stimuli in the Avian Coch]ear Nuclei

This project has been completed and is being prepared for publication.
The major results are:

A. Nucleus magnocellularis presents a homogeneous population of
cells , characterized by responses to tones similar to those of fibers in
the cochlear nerve. The one exception is that the response areas of
these cells are flanked by inhibitory sidebands. Tones in these side—

I bands inhthit the cells’ spontaneous activity.

B. Cells in nucleus angularis present a more complex picture. There
are at least three types based on response and inhibitory areas:

i. Some cells show only excitatory responses.

ii. Some cells show a central excitatory re—
sponse area flanked by inhibitory sidebands.

I iii. Other cells show central inhibitory areas
with complicated excitatory response bands.

There are at least four types of response patterns to tones in
these cells. These are similar to those seen in mammalian cochlear nuclei:

(
A . Primary—like
ii. Pauser
iii. Onset
iv. chopper

Reference:

Sachs , M. B. and Sinnott, 3. M., Unit responses from the cochlear nuclei
of the red—winged blackbird, Neuroscience Abstracts 2: 24 (1976). 
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