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3 January 1968 

National Aeronautics and Space Administration 
and 

Fourteenth Quarter ly  Status  Report f o r  NASA Number R-129-@-030-017 
f o r  t he  period 1 September 1967 through 30 November 1967 -- 

by 
Lloyd A .  J e f f r e s s  

I. STATUS OF PROPOSED PROBLEMS 

A. Detection Performance and Two Parameters of t h e  Auditory Stimulus 
( T .  L.  Nichols and Lloyd A .  J e f f r e s s )  

Work on t h i s  pro jec t  has  been completed. A paper covering one 

aspect  of t h e  problem was presented a t  t h e  November 1967 meeting of 

t h e  Acoustical Society of America. The da ta  a r e  being prepared for 

publication, but preparation i s  suf fe r ing  some delay owing t o  t h e  

f a c t  t h a t  Nichols i s  i n  t h e  Army assigned t o  t h e  U. S. Arrhy Natick 

Labs, Natick, Massachusetts. 

R. Effects of V i s u a l  Adaptation on t h e  Detection of a Visual Stimulus 
( G .  H.  Jacobs and H. A. Gaylord) 

Wnrk nn this projec t  has been completed. The findings a r e  being 

prepared as a doctoral  d i s se r t a t ion .  

C .  Signal Detection and the  Width of C r i t i c a l  Bands 
( R .  B. Evan and L. A. J e f f r e s s )  . 
Work on t h i s  pro jec t  is completed and i s  being prepared f o r  

publ icat  ion.  
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D .  Binaural Models and Psychometric Functions 
( P .  I. W i l l i a m s  and L .  A. J e f f r e s s )  

Two binauralmodels ,  one based on generating an e l e c t r i c a l  

voltage proportional t o  t h e  i n t e r a u r a l  time d i f fe rence  r e s u l t i n g  from 

an antiphasic s t i m u l u s ,  and one based on Durlach's Equalization- 

Cancellation mathematical model a r e  being run as subjec ts  along with 

t h r e e  human observers i n  a psychophysical experiment. The research 

w i l l  be incorporated i n  a doc tora l  d i s s e r t a t i o n .  

E. Monaural E l e c t r i c a l  Model 
( L .  A. J e f f r e s s )  

Results of experiments with t h e  e l e c t r i c a l  model and r e s u l t s  of 

psychophysical experiments with human observers a re  compared and a 

mathematical theory of t h e  underlying mechanisms are presented i n  an 

a r t i c l e  prepared for publicat ion i n  t h e  Journal  of t h e  Acoustical  

Scciety of America. 

d i s t r ibu t ion  l i s t .  

A prepr in t  of t h e  a r t i c l e  i s  being sent  t o  t h e  

F. Summary of Work Conducted under t h e  Contract 
( L .  A. J e f f r e s s  and G. H .  Jacobs) 

A summary of major s tud ies  conducted under the  present cont rac t  

prepared for presentat ion a t  a meeting a t  Ames Research Center i s  

appended t o  the  present repor t .  
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APPENDIX 

Work performed under Nat ional  Aeronautics and Space Administration 
Grant R-129 t o  t h e  Defense Research Laboratory of The Universi ty  of 
Texas a t  Austin, Austin, Texas Grant R-129 i s  made through 
t h e  Off ice  of N a v a l  Research Contract Nonr-3379( 04). 

78712. 

Vi sua l  and Auditory S igna l  Recognition 

The work on t h e  p r o j e c t s  t o  be reported was supported by t h e  

Nat ional  Aeronautics and Space Administration through a grant  t o  t h e  

Defense Research Laboratory of The Universi ty  of Texas a t  Aust in  

(Grant R-129). 

Ship Systems Command Contract NObsr-93124. 

conducted by D r .  Gerald H. Jacobs and h i s  graduate s tudents ,  and 

t h e  work on aud i t ion  by D r .  Lloyd A. Jeffress and h i s  graduzte 

s tuden t s .  Both a r e  menbers of the Psychology Department of  The 

Univers i ty  of Texas at  Aust in .  

The work received a d d i t i o n a l  support from t h e  Naval 

The work on v i s i o n  w a s  
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V i s u a l  Research 

Ef fec t s  of Chromatic AdaDtation on Color Naming 

The four  co lo r  names, Blue, Green, Y e l l o w ,  and Red were employed 

s ing ly  o r  i n  p a i r s  by t h e  subjec ts  i n  iden t i fy ing  t h e  co lo r  presented 

t o  them after a per iod of chromatic adapta t ion .  The responses were 

sca led  a s  follows: Blue was graded 3; Blue-Green w a s  sca led  2 f o r  

blue and 1 f o r  green; Green-Blue was scaled 2 f o r  green and 1 f o r  blue,  

e t c .  There w a s  a poss ib le  t o t a l  of 72 po in t s  f o r  each t e s t  wave- 

l eng th .  The graphs show t h e  percentage of t o t a l  po in ts  assigned 

t o  each wavelength ind ica t ed  on t h e  absc issa .  

t h e  r e s u l t s  f o r  t h r e e  sub jec t s  a f t e r  5 min of  i n i t i a l  n e u t r a l  adap- 

t a t i o n  a t  195 f t  L. The t e s t  s t imu l i  were of  t h e  same luminance and 

w e r e  presented f o r  300 msec a t 1 8  sec i n t e r v a l s ,  a l t e r n a t i n g  wi th  

t h e  adaptat ion l i g h t  which was  on between t e s t  t r ia l s .  The s t i m u l i  

were presented i n  Maxwelli.an view subtending 40 deg. 

AS-66-739 i s  

Drawing No. AS-66-740 shows t h e  r e s u l t s  after adapta t ion  wi th  a 

W 92 f i l t e r  (646 nm). It w i l l  be seen t h a t  t h e  red has almost disap- 

peared, t h e  yellow is s h i f t e d  wel l  toward t h e  red,  t h e  green has been 

extended over a wide range of wavelengths and t h e  blue i s  v i r t u a l l y  

unaffected.  

Drawing No, AS-66-741 shows t h e  e f f e c t  after adapta t ion  wi th  a 

W 98 f i l t e r  (452 nm). 

moved to t h e  l e f t .  The red has been sh i f t ed  t o  t h e  l e f t  and even 

appears i n  t h e  b lue  region as red-blue or blue- red .  The ex ten t  of 

t h e  green has been g r e a t l y  reduced, and s h i f t e d  t o  t h e  l e f t ,  and t h e  

a r e a  of yellow has been increased and s h i f t e d  t o  t h e  l e f t .  

Here the b lue  has been g r e a t l y  r e s t r i c t e d  and 

Drawing No. AS-66-742 shows the  e f f e c t  of  adapta t ion  wi th  a 

W 74 f i l t e r  (538 nm). Here t h e  red  and blue have been expanded toward 
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t h e  middle, and t h e  green and yellow responses completely suppressed f o r  

one subject and g r e a t l y  r e s t r i c t e d  f o r  t h e  o the r .  

The r e s u l t s ,  i n  addi t ion  t o  ind ica t ing  t h e  e f f e c t  on hue of  p r i o r  

adaptation, i l l u s t r a t e  t h e  e f f ec t iveness  of co lo r  naming as a quanti-  

t a t i v e  experimental research  procedure. Sp l i t -ha l f  r e l i a b i l i t y  

cor re la t ions  f o r  t he  d a t a  were mostly i n  t h e  high go's, and the method 

i s  much l e s s  time consuming than  matching procedures. 

One p rac t i ca l  suggestion from t h e  results has t o  do wi th  t h e  use 

of colored l i g h t  i n  t h e  i l lumina t ion  of sonar and r ada r  spaces .  The 

red commonly employed on board s h i p  t o  preserve dark adapta t ion  i s  

about t h e  most inappropr ia te  l i g h t i n g  f o r  spaces where t h e  co lo r  t o  

be dekected i s  t h e  greenish  yellow of many scope phosphors. 

l i g h t ,  or blue,  would be much b e t t e r .  

Neutral  

Saturat ion E s t i m a t e s  and Chromatic AdaDtation 

I n  addi t ion t o  being ab le  t o  ass ign  color  names r e l i a b l y ,  sub jec t s  

prove t o  be ab le  t o  es t imate  t h e  s a t u r a t i o n  of co lo r s  presented after 

var ious types of adaptat ion.  The sub jec t s  were i n s t r u c t e d  t o  a s s ign  

numbers ranging from zero t o  t e n  t o  t h e  s a t u r a t i o n  of t e s t  co lo r s  

presented a f t e r  adaptat ion.  AS-66-1341 shows d a t a  for t h r e e  sub jec t s  

af ter  neut ra l  adaptat ion f o r  5 minutes. 

same procedure as i n  t h e  previous experiment.) 

s tandard deviat ion above and below the mean estimate. 

(Maxwellian view, 40 deg, 

The bars  i nd ica t e  one 

Drawing No. AS-66-1342 shows t h e  e f f e c t  of adapta t ion  t o  a long 

wavelength ( W  92, 636 nm). 
f o r  t he  long wavelengths have been g r e a t l y  reduced. 

t h e  e f f e c t  o f  adaptat ion t o  a s h o r t  wavelength ( W  98, 452 nm). 
t h e r e  i s  a marked reduct ion i n  s a t u r a t i o n  f o r  wavelengths from medium 

t o  short,, wi th  increased s a t u r a t i o n  f o r  wavelengths a t  t h e  o t h e r  end 

It w i l l  be  seen t h a t  s a t u r a t i o n  estimates 

AS-66-1343 shows 

Here 
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of t h e  scale .  

( W  74, 332 nm) .  
middle, w i t h  a considerable increase i n  t h e  est imates  f o r  t h e  long 

wavelengths, and f o r  one subjec t ,  f o r  t h e  sho r t  as w e l l .  

r e l a t i v e l y  s m a l l  spread f o r  any p a r t i c u l a r  wavelength ind ica t e s  that 

t h e  judgments are being made wi th  good consistency. 

AS-66-1344 shows t h e  e f f e c t  of adapta t ion  f o r  green 

Here t h e r e  i s  depression of t h e  est imates  i n  t h e  

The 

Effects of Adaptation on Visual Detection 

It i s  f requent ly  suggested i n  recent  l i t e r a t u r e ,  following 

Barlow (1964), t h a t  t h e  e f f e c t  on t h e  r e t i n a  of exposing it t o  l i g h t  

i s  t o  make i t s  behavior i n  subsequent darkness ''noisy''. 

t h a t  t h e  detect ion of a weak v i s u a l  "s ignal"  i n  t h e  dark following a 

b r i e f  f l a sh  of adapta t ion  l i g h t  i s  e s s e n t i a l l y  t h e  de t ec t ion  of a 

s i g n a l  i n  noise.  

present  experiment w a s  undertaken as a de tec t ion  t a s k .  

s ca l e  procedure w a s  employed t o  permit t h e  cons t ruc t ion  of rece iver  

operat ing c h a r a c t e r i s t i c  (ROC) curves from t h e  sub jec t s '  responses. 

This implies 

For t h i s ,  and a number of o the r  reasons, t h e  

A ra t ing-  

The adaptation l i g h t  and t h e  s i g n a l  were presented i n  Maxwellian 

view. The former subtended an angle of 25 deg, and t h e  l a t te r ,  5 deg,  

i n  t h e  center  of  t h e  adaptat ion f i e l d .  The exposure of t h e  adaptat ion 

l i g h t  w a s  cont ro l led  by a mechanical s h u t t e r  which allowed it t o  be 

presented for 200 msec. 

t a t i o n  l i g h t  was 6.74 log  t ro l ands .  

glow-modulator tube which w a s  f lashed e l e c t r o n i c a l l y  f o r  20 msec a t  a 

constant  illuminance l e v e l  (constant  spectrum), and a t tenuated  by a 

s e r i e s  of neu t r a l  f i l t e r s  0.1 log  u n i t s  apa r t ,  ranging from 2.04 t o  

0.54 log t rolands of r e t i n a l  i l luminance. A bite-board and a dim red 

"grain of wheat" f i x a t i o n  l i g h t  served t o  maintain t h e  des i r ed  orien- 

t a t i o n  of the  eye. 

The r e t i n a l  illuminance provided by t h e  adap- 

The t e s t  l i g h t  ( s i g n a l )  was a 

After  spending a minimum of t e n  minutes i n  a dimly l i g h t e d  room, 

t h e  subject entered t h e  dark t e s t  booth. After 2 minutes of dark 
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adaptation, t h e  f i x a t i o n  l i g h t  w a s  turned on, and S s ignaled by means 

of a push button t h a t  he was ready. 

tu rned  on for 200 msec, and every 6 seconds following t h e  terminat ion 

of t h e  adaptation l i g h t  a 1 sec warning tone w a s  presented. 

termination of t h e  tone, t h e  t e s t  s i g n a l  was e i t h e r  turned on or not 

(wi th  a n  - a p r i o r i  p robab i l i t y  of 0.5). 

appropriate  push but ton t o  ind ica t e  h i s  assurance t h a t  a s i g n a l  had 

o r  had not been presented. 

c e r t a i n t y  t h a t  t h e r e  had been no s igna l ,  and ''lO", v i r t u a l  c e r t a i n t y  

t h a t  t h e r c  had been a s i g n a l .  

t h e  adaptation f l a s h  cons t i t u t ed  one r 'runtl, and from f i v e  t o  t e n  

such runs separated by 2 minutes of dark adaptat ion cons t i t u t ed  an 

experimental sess ion .  The luminance of t h e  t e s t  s i g n a l  w a s  var ied 

during t h e  run and from one run t o  another according t o  a planned- 

haphazard program so t h a t  any of s i x  or seven i l luminances might 

occur during any t r i a l  i n  t h e  run of 40. 
t h a t  t h e  percentage of  co r rec t  responses a t  any period following t h e  

adaptat ion f l a s h  f e l l  wi th in  a reasonable range f o r  g e t t i n g  ROC 

curves.  Some 400 ROC curves were obtained during t h e  course of t h e  

study and the  values of P ( c )  were determined from t h e i r  area as 

measured by a planimeter.  

f o r  t h e  average of t h e  three sub jec t s .  

were taken a t  a t e s t - l i g h t  illuminance of 0.34 log  t ro l ands .  

parameter o f  t h e  family of curves i s  t h e  t i m e  following t h e  adaptat ion 

f l a s h  a t  which t h e  da t a  were taken.  

The adaptat ion l i g h t  w a s  then 

A t  t h e  

The subjec t  responded wi th  an 

A response of "1" represented v i r t u a l  

Forty such 6 sec periods following 

The values were chosen so 

AS-67-1661 shows a family of ROC curves 

The da ta  f o r  t h i s  drawing 

The 

Drawing No. AS-67-1718 shows t h e  course of dark adapta t ion .  

The abscissa  i s  t i m e  a f t e r  t h e  adapta t ion  f l a s h ,  and t h e  ord ina te  

is  t h e  illuminance needed t o  reach t h e  percentage co r rec t  indicated 

as t h e  parameter of t h e  family of curves.  

s ing le  subject .  ,The o the r  drawing showed similar r e s u l t s .  The 

subjec ts  were asked t o  repor t  t h e  moment when t h e  pos i t i ve  af ter-  

image of the adaptat ion l i g h t  disappeared. 

This  drawing i s  f o r  a 

This  occurred about 
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2 minutes a f t e r  t h e  exposure, b u t  w a s  not accompanied by any 

d i scon t inu i ty  i n  t h e  recovery curve. The r e t i n a l  "noise" is  

apparent ly  not dependent on the  presence of t h e  p o s i t i v e  af ter- image.  

This study i s  forming t h e  basis f o r  a doc to ra l  d i s s e r t a t i o n  by 

Mr. Heinz Gaylord. 

The Bezold-Brkke Hue Sh i f t  

I n  s p i t e  of t h e  importance of  t h e  Bezold-Brkke s h i f t  t o  

t h e o r i e s  of v i s ion ,  much of our knowledge of t h e  phenomenon is  based 

on a s i n g l e  study by Purdy, made over 30 xears ago and on a s i n g l e  

sub jec t .  It the re fo re  seemed appropriate  t o  examine t h e  e f f e c t  w i th  

a s u b s t a n t i a l  population. Seventy-two subjec ts ,  33 females and 

30 males, were employed i n  t h e  present  s tudy.  

cedure descr ibed e a r l i e r  was used. The apparatus w a s  a two-beam 

device wi th  one beam providing t h e  low-level adapta t ion  l i g h t ,  t h e  

o ther ,  t h e  t e s t  wavelength. Measurements were made i n  t h e  range 

from 470-630 nm, using a grat ing monochromator adjusted t o  y i e l d  a 

passband of 15 nm. Two luminance l e v e l s ,  320 and 3 2 0  t ro lands ,  were 

used wi th  c e n t r a l  f i x a t i o n  i n  Maxwellian view subtending an angle  of  

3 deg. 

The adapta t ion  l i g h t  was viewed during t h e  t imes between t e s t  

s t i m u l i .  The order  of stimulus presenta t ion  w a s  randomized and every 

subjec t  given seve ra l  p rac t ice  s t i m u l i  before  d a t a  c o l l e c t i o n  w a s  

undertaken. 

s t i m u l i  as could be programmed i n  t h a t  t ime. 

The color-naming pro- 

Tes t  s t i m u l i  were presented f o r  300 msec once every 18 sec .  

Each sub jec t  served f o r  one hour and received as m a n y  

The color-naming values were converted i n t o  nm's of s h i f t  and 

are presented i n  AS-67-416. 
sample of observers t e s t ed ,  and t h e  ba r s  represent  2 s tandard e r r o r s  

of t h e  mean f o r  t h e  poin t .  I n  general ,  t h e  s h i f t s  shown here are 

smaller than  those reported by Purdy, bu t  t h e  so-ca l led  invariant 

The p l o t t e d  poin ts  are t h e  means f o r  t h e  
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poin ts  occur a t  584, 502, and 474 nm for t h e  mean of t h e  present  

sample--about t h e  same loca t ions  as found i n  e a r l i e r  s t u d i e s .  

The v a r i a b i l i t y  shown i n  the f igu re  probably i s  l a r g e l y  t h e  

r e s u l t  of ind iv idua l  differences,  s ince  an e a r l i e r  study shows t h a t  

t h e  method i s  capable of a high degree of r e l i a b i l i t y .  

It w a s  a lso poss ib le  t o  determine from t h e  d a t a  t h e  s p e c t r a l  

l oca t ion  of  unique yellow and unique green a t  t h e  two luminances 

employed. The loca t ion  of  t h e  unique yellow d id  not change system- 

a t i c a l l y .  The mean w a s  380.35 nm under t h e  low-luminance condi t ion 

and 580.50 nm for t h e  high.  

showed an i n t e r e s t i n g  e f f e c t .  Table I shows t h e  f ind ing .  

However t h e  loca t ion  of t he  unique green 

Table I 

Unique green l o c i  ( i n  nm) for two c l a s s e s  of observers a t  two 

luminance l e v e l s .  Resul t s  o f  s t a t i s t i c a l  eva lua t ions  of row and 

column d i f fe rences  a r e  indicated.  

Low High 
N luminance luminance 

19 513.1 509.9 P < 0.05 

Type I1 11 525.5 511.0 p < 0.01 

p < 0.01 P > 0.05 

It w i l l  be seen t h a t  t h e  subjec ts  appear t o  f a l l  i n t o  two groups 

i n  t h e i r ' l o c a t i o n  o f  unique green a t  a low luminance level. 

d i f f e rence  disappears  a t  t h e  high luminance l e v e l .  

The 

Both groups show 

21 



a s h i f t  i n  t h e  loca t ion  of t he  unique green a t  t he  low leve l ,  but t h e  

s h i f t  f o r  group I1 i s  much g rea t e r  than f o r  group I.  

I n  addition t o  t h e  psychophysical work j u s t  reported,  D r .  Jacobs 

and h i s  students are conducting behavioral  and neurophysiological 

s tud ies  on animals, wi th  addi t iona l  support from t h e  National Science 

Foundation (Grant GB 4150 26-1007-2930). 

co lor  and s p a t i a l  s e n s i t i v i t y  of s ing le  u n i t s  of t h e  l a t e r a l  genicu- 

l a t e .  The f indings of t h e  work on co lor  s e n s i t i v i t y  are shown t o  

co r re l a t e  highly wi th  the  behavior of t he  animals i n  discr iminat ion 

t a sks .  

This work involves both 

Auditory Research 

Beginning i n  May 1964, t h e  National Aeronautics and Space 

Administration through Grant R-129 provided support f o r  work i n  

audi t ion  t h a t  was already receiving support from the  U. S. N a v y  

Bureau of Ships through Contract NObsr-72627. 

us  t o  increase our e f f o r t  i n  t h i s  f i e l d  and t o  provide ass i s tance  

f o r  more graduate students--both experimenters working on d isser -  

t a t i o n  problems and subjec ts  who received hourly pay for t h e i r  

se rv ices .  The grant  a l s o  made it possible  f o r  us t o  construct  

considerably more f l e x i b l e  programming and recording equipment. A t  

t he  present time most of our data  a r e  recorded on punched cards 

which a r e  then analyzed by the  Laboratory's  CDC 3200 computer. 

subjects  a t  a time can be run i n  psychophysical s tud ie s .  

s igna l  leve ls  can be employed i n  a s ing le  sess ion  and s ing le  in t e rva l ,  

two- in te rva l  forced choice can be employed; o r  ra t ing-  s ca l e  responses 

can be recorded. S e r i a l  e f f e c t s  can be examined where desired,  and 

mult iple  observer responses as wel l .  

The addi t ion  allowed 

Four 

Several  

Most of our recent  work i n  audi t ion has been concerned wi th  

de tec t ing  a s igna l  i n  noise, although e a r l i e r  a considerable amount 
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of research  w a s  devoted t o  various problems i n  t h e  l o c a l i z a t i o n  of 

sound. The masking s tud ie s  have f a l l e n  i n t o  two main ca tegor ies ,  

those  concerned wi th  t h e  de tec t ion  performance of t h e  s i n g l e  ear, 

and those  concerned wi th  t h e  b inaura l  r e l ease  from masking which 

can occur when s t imu l i  t o  t h e  two ears a r e  not i d e n t i c a l .  

Binaural  S tudies  

Time and I n t e n s i t y  Differences and L a t e r a l i z a t i o n  

This w a s  a s tudy conducted by a summer Science-Par t ic ipa t ion  

high school s tudent  (Brant  T. M i t t l e r )  under Nat ional  Science 

Foundation support ,  and supervised by D r .  Charles S. Watson. The 

s tudent  and h i s  sub jec t s  were 17-year-olds . The subjec t  s t a s k  

cons is ted  of  drawing l i n e s  across a sketch of t h e  head t o  ind ica t e  

t h e  range of movenent of a commutated sound. 

tone,  w a s  presented v i a  earphones wi th  e i t h e r  a l e v e l  d i f f e rence  

o r  a phase d i f f e rence  between the inputs  t o  t h e  phones. The inputs  

were commutated a t  half-second i n t e r v a l s  and produced a d i s t i n c t  

impression of movement wi th in  the head. 

o f  t h e  l i n e s  represented the  point a t  which t h e  sub jec t  thought 

movement began and ended. 

i n  a ske tch  of a face  and moved between t r ia l s  so  that each judgment 
could be made without reference t o  previous ones. 

shows t h e  mean l eng th  of l i n e  associated wi th  t h e  i n t e n s i t y  d i f f e rence  

or t h e  time d i f f e rence  shown on t h e  absc issa .  It w i l l  be seen t h a t  

t h e  " t r ad ing  r a t i o "  obtained i n  t h i s  way i s  i n  good agreement wi th  

o the r s  i n  t h e  l i terature:  

The sound, a 500 Hz 

The loca t ions  of  t h e  ends 

The d a t a  shee t  w a s  l oca t ed  behind a s l i t  

The fol lowing drawing 

about 60 psec per  dB. 

Masking-Level Differences fo r  Tone and Narrow-Band Noise 

A 50 Hz wide band o f  noise centered a t  500 Hz, and a 500 Hz tone 

were employed as s igna l s  i n  a b inaura l  masking experiment. Webster 
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EQUIVALENT BINAURAL CONDITIONS 
(500-CPS TONAL PULSE) - INTENSITY DIFFERENCE 
-*TIME WFERENCE 

/ - 1 2 3 4 5 6 dB 
-.L 1 6.- do li0 180 260 300 360 psrc2 

BINAURAL DIFFERENCE 
Eplivalent binaural time- and intensity-differences, plotted 

by adjusting the abscissas to make the two functions coincident. 
This adjustment emphasizes the similarity In subjective effect of 
60 p e c .  and 1.0 db in shifting a sound image,off of the medfan 
plane. 

LENGTH OF LATEEAL MOVEMENT OF A SOUND 
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and Hirsh had reported much l a rge r  masking-level d i f f e rence  f o r  a 
noise  s i g n a l  than  f o r  tone .  The present  experiment w a s  undertaken 

i n  p a r t  t o  check t h e i r  f indings,  f o r  which no t h e o r e t i c a l  explanat ion 

w a s  apparent .  

be seen t h a t  t h e r e  i s  no s ign i f i can t  d i f f e rence  between t h e  MLD's 
for noise  and tone,  and t h a t  it makes l i t t l e  d i f f e rence  whether t h e  

noise  i s  s h i f t e d  i n  time, by a delay l i n e ,  or i n  phase by a phase 

s h i f t e r .  A second experiment t o  at tempt t o  expla in  t h e  f ind ings  

of Hirsh and Webster revealed t h a t  t hey  had employed t h e  same noise  
genera tor  f o r  t h e i r  masker a s  f o r  t h e i r  s i g n a l .  

d i t i o n s  were r ep l i ca t ed ,  our f indings agreed wi th  t h e i r s .  A l a r g e  

Mu) (18 dB) w a s  obtained when t h e  masker and s i g n a l  were i n  phase 

oppos i t ion .  It occurred, however, because of t h e  considerable  

increase  i n  t h e  s i g n a l  needed i n  t h e  NO SO re ference  condition, 

not  because of any g rea t  re lease  from masking under t h e  an t iphas ic  

condi t ion .  

The major r e s u l t s  are presented i n  AS-9174. It w i l l  

When these  con- 

Binaural  Detection as a Function of t h e  Bandwidth of t h e  
Maskinn Noise 

Earlier work had suggested t h a t  t h e  bandwidth involved i n  

b inau ra l  de t ec t ion  is smewhat wider t han  t h a t  f o r  monaural de t ec t ion .  

The present  experiment w a s  undertaken t o  s tudy t h i s  p o s s i b i l i t y .  

Equivalent rec tangular  bandwidths of 29OO, 308, 422, 303, 183, 160, 
130, lOg, 50, 22, and 12.6 Hz were employed f o r  t h e  masker. 

s i g n a l  w a s  a 500 Hz tone of 150 msec du ra t ion  and a r ise-fal l  t i m e  

of  25 msec. 

s p e c t r a l  l e v e l .  

mask t h e  second harmonic of  the s igna l ,  t h a t  w a s  about 60 dB below t h e  

fundamental. The s t i m u l i  were presented e i t h e r  wi th  both noise  and 

s i g n a l  i n  phase a t  t h e  two ears, NO SO, o r  w i th  t h e  s i g n a l  reversed 

i n  i n t e r a u r a l  phase, NO %I. 

sub jec t  f o r  t h e  d i o t i c  condition NO SO. 

The 

Three l e v e l s  of  noise were employed: 50, 45, and 30 dB 

A low-level wide-band background noise  w a s  used t o  

AS-65-816 shows t h e  r e s u l t s  f o r  one 

It w i l l  be seen t h a t  t h e  

2.5 
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e f f e c t  of band narrowing i s  not very s i g n i f i c a n t  u n t i l  a bandwidth 

of about 50 Hz i s  reached, whereas AS-63-818 shows very s u b s t a n t i a l  

improvement beginning a t  bandwidths as wide as 200 Hz. The r e s u l t s  

s t rongly  suggest t h a t  a much wider range of frequencies i s  involved 

i n  the  detect ion of a 500 Hz tone under t h e  NO Sx condi t ion than is  

involved i n  monaural o r  NO SO de tec t ion ;  t h i s  i s  probably not 

supris ing,  s ince  we a r e  presumably concerned wi th  a population of 

audi tory  nerve c e l l s  i n  b inaura l  phenomena d i f f e r e n t  from these f o r  

monaural detect ion.  Neural "funneling", as Bekesy c a l l s  it, probably 

occurs i n  narrowing t h e  bandwidth f o r  monaural de tec t ion ,  whereas 

probably only t h e  f i l t e r i n g  provided by t h e  mechanical ac t ion  of 

t h e  b a s i l a r  membrane determines t h e  bandwidth f o r  b inau ra l  de t ec t ion .  

I 

I /  

Binaural E l e c t r i c a l  Models and Detection 

Several e l e c t r i c a l  models of t h e  b inaura l  de t ec t ion  mechanism 

have been t e s t e d  i n  psychophysical experiments, i n  an attempt t o  

r e p l i c a t e  human performance. 

subjec ts  along w i t h  t h r e e  human observers i n  a 2AFc experiment. 

The f irst  model converts t he  i n t e r a u r a l  time d i f f e rence  produced 

when a signal is  added an t iphas i ca l ly  t o  an in-phase noise  i n t o  a 

vol tage which i s  averaged and sampled a t  the end of the observation 

i n t e r v a l .  

phase a t  the two e a r s  and t h e  s i g n a l  reversed i n  phase a t  one ear, 

a s m a l l  amount of uncorrelated noise  i s  introduced i n t o  one channel 

of the model. 

duct ion of waveform i n t o  nerve impulses. 

psychometric funct ions which f i t  human func t ions  e i t h e r  a t  high 

s i g n a l  l eve l s  o r  at  low, depending upon t h e  noise  c o r r e l a t i o n  used. 

It has not been poss ib le  w i t h  t h i s  device t o  f i t  human performance 

over the whole range of the psychometric func t ion .  

t h e  r e s u l t  of a major inadequacy of t h e  model. 

t h e  time differences based on a x i s  c ross ings ,  bu t  it fai ls  t o  make 

Two such models have been run as 

To avoid pe r fec t  performance when t h e  noise  is i n  

This s imulates  t h e  "nois iness"  of the  s u b j e c t ' s  t r ans -  

The model y i e l d s  

This f a c t  may be 

It t akes  i n t o  account 
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use of  differences i n  l e v e l  which r e s u l t  from adding t h e  s igna l  

t o  the  n o i s e ,  A second model, based on Durlach's Equalization- 

Cancellation model, has so far failed t o  perform as w e l l  as t h e  one 
j u s t  described. A t h i r d  model employing t h e  cross  co r re l a t ion  

between the two earphone channels i s  under consideration and w i i l  be 

s i m i l a r l y  employed i f  some of i t s  present weaknesses can be 

eliminated. 

Monaural Phenomena 

Effect of "Vigilance" i n  an Auditory Detection Experiment 

Many attempts t o  improve de tec t ion  by a manipulation of t h e  

values and cos t s  matrix have f a i l e d  t o  produce an appreciable 

improvement i n  de tec t ion  over a block of t r i a l s .  The present experi-  

ment w a s  undertaken w i t h  t h e  idea t h a t  enhanced vigi lance i s  a 

condition which can be maintained f o r  only a sho r t  s t r e t c h  of t ime. 

Accordingly c e r t a i n  t r i a l s  were se lec ted  as t h e  "important" tr ials 

and t h e i r  presence was signaled t o  the  subject  by means of a l i g h t .  

In  the  first experiment, t he  subject  w a s  t o l d  t h a t  these were the  

important t r i a l s  and that they m u s t  be p a r t i c u l a r l y  ca re fu l  t o  

respond correct ly  ( i n  a 2AFC s e t t i n g ) ,  

f a i l e d  t o  revea l  any improvement on t h e  "important" t r ials.  

experiments involved various schedules of punishment f o r  incor rec t  

responses on t h e  indicated t r ia l s .  

(1.6 mA) applied t o  t h e  ankle, and t h e  experiments d i f f e red  i n  t h e  

number of successive trials that  were included i n  t h e  c r i t i c a l  block. 

AS-10088 shows the  r e s u l t s  of one experiment where t h e  number of 

"important" tr ials w a s  four .  

could occur i n  any of t h e  four t r i a l s .  

improvement by the  second t r ia l ,  but a f a l l i n g  o f f  a f t e r  t ha t .  

post-shock t r ia l s  showed a considerable decrement f o r  two of the 

subjects  wi th  a gradual r e tu rn  t o  a normal l e v e l  of performance. 

This  preliminary experiment 

The next 

The punishment w a s  a mild shock 

The shock f o r  an incor rec t  response 

The r e s u l t s  show a s u b s t a n t i a l  

The 

The 
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f i r s t  points on the  graph a r e  t h e  average f o r  t h e  preceding 16 days 

of t r a in ing  without t he  in te rpola ted  t r ia l s .  The findings show t h a t  

improved detect ion can be achieved f o r  a very shor t  time but is  not 

maintained. The average f o r  t h e  whole block of t r ia l s  w a s  t h e  same 

with and without the  shock. 

Width and Shape of t he  " C r i t i c a l  Band" Involved i n  Masking 

There i s  considerable d i s p a r i t y  i n  the  est imates  of t h e  width 

of the  " c r i t i c a l  band" t o  be found i n  the  l i t e r a t u r e .  The present  

study was undertaken t o  obtain a b e t t e r  idea  of both t h e  width and 

t h e  shape of the  band of frequencies involved i n  masking a 500 Hz 

s igna l .  

i n  order  t o  approach the  s igna l  frequency from one s ide  a t  a t ime. 

The resu l t s ,  which a r e  being prepared f o r  publication, show t h a t  t h e  

shape of the e a r ' s  f i l t e r  is  d i s t i n c t l y  unsymmetrical having much 

higher s k i r t s  on the  low-frequency s i d e  than on the  high, and that 

the  equivalent rectangular  width i s  of t h e  order of 50 t o  80 Hz .  

important f inding appears t o  be t h a t  subjec ts  d i f f e r  i n  t h e i r  band- 

widths.  

t o  improve a t  considerably wider bandwidths than the  o the r s .  

i s ,  he required l e s s  narrowing of t h e  masking noise t o  show improve- 

ment than the  others  d id .  

i s  t h e  detect ion of a t o n a l  s igna l ,  t h e  Fletcher-type est imates  of 

bandwidth a re  appropriate .  

It employed a s e t  of high-pass and a s e t  of low-pass f i l t e r s  

One 

One subject  who performed more poorly than the  o thers  began 

That 

Apparently i n  experiments where t h e  t a s k  

Models : E l e c t r i c a l  and Mathematical 

The mathematical theory of signal d e t e c t a b i l i t y  (TSD) i s  based, 

i n  t h e  usual der ivat ions,  on sampling theory--on tak ing  a s e r i e s  of 

2WT samples of noise ( N )  or noise plus  s i g n a l  ( S N ) ,  where T i s  t h e  

temporal duration of t he  sample. 

meaning of W. 

There i s  some confusion about t he  . 

Some w r i t e r s  t r e a t  it as i f  it were t h e  bandwidth of 
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t h e  masking components of t h e  noise ( t h e  c r i t i c a l  bandwidth): 

t r e a t  W as if it were t h e  bandwidth measured from zero, i . e . ,  as i f  

it were t h e  highest  frequency present i n  t h e  noise  sample. I n  any 

case,  N and SN are sampled i n  the same way and f o r  t h e  same dura t ion .  

These assumptions immediately lead us  i n t o  t roub le  when we attempt 

t o  apply t h e  theory t o  human observers or t o  e l e c t r i c a l  models. 

assumption t h a t  N and S N  a r e  sampled s i m i l a r l y  means t h a t  they are 

sampled a f t e r  being f i l t e r e d ,  t h a t  is ,  t h a t  t h e  ga te  follows t h e  

f i l t e r .  I n  hearing, t h e  f i l t e r i n g  is  presumably being done by t h e  

e a r  and t h e  ga t ing  i n  advance of t h e  earphone. Thus, t h e  t r a n s i e n t  

responses of t h e  f i l t e r  become involved. The mathematical theory  

neglec ts  t h i s  aspect  of hear ing,  Also, when w e  consider  t h e  very 

common experimental condi t ion where t h e  noise  i s  continuous and only 

t h e  s i g n a l  i s  gated f o r  a time, T, we a r e  forced by t h e  mathematical 

theory  t o  assume t h a t  somehow t h e  sub jec t  i s  able  t o  ga t e  t h e  noise  

i n  t h e  same way t h a t  t h e  experimenter ga t e s  t h e  s igna l - -a  not very 

r e a l i s t i c  assumption. The question of when and how long t o  sample 

becomes one of  major concern when dea l ing  wi th  a phys ica l  model of  

t h e  audi tory  system. 

o the r s  

The 

The Role of Signal  Duration 

The c l a s s i c  study of  t h e  r o l e  of dura t ion  i n  t h e  de t ec t ion  of 

a gated s i g n a l  i n  a continuous noise  background w a s  made by Green, 

B i r d s a l l ,  and Tanner (1957). 
of  var ious dura t ions  and used a fou r - in t e rva l  forced choice procedure 

f o r  determining t h e  observers '  d ' s .  

observers d i d  b e s t  over a range of dura t ions  from about 20 msec t o  

about 200 msec, and f e l l  o f f  r a the r  sharp ly  for dura t ions  much longer  

o r  s h o r t e r  t han  these .  . 

They employed a constant-energy s i g n a l  

Thei r  basic  f ind ing  was t h a t  

We attempted t o  r e p l i c a t e  t h e  r e s u l t s  on s i g n a l  dura t ion  by 

means of  an e l e c t r i c a l  model which cons is ted  of a narrow f i l t e r ,  a 
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half-wave r e c t i f i e r ,  and a post de tec t ion  (envelope) f i l t e r .  

t h e  post detect ion f i l t e r  had the  shor t  time-constant needed t o  

obtain a c lose - f i t t i ng  envelope, t he  data f a i l e d  t o  resemble those 

of t h e  experiment by Green -- e t  a l .  

across a range of durations,  t he  da t a  showed a decided peak at a 

durat ion t h a t  was the rec iproca l  of t h e  f i l t e r  bandwidth. 

only when w e  increased the time-constant of t h e  post-detect ion f i l t e r  

t o  50 or 100 msec that  we succeeded i n  r ep l i ca t ing  t h e  psychophysical 

data.  This time-constant i s  of the  same magnitude as t h a t  a r r ived  

a t  by Zwislocki from a very d i f f e ren t  s e t  of experiments. 

When 

Instead of being reasonably f la t  

It was 

Drawing No. AS-66-368 shows the  r e s u l t s  of t he  f i n a l  s e r i e s  

of experiments. The c i r c l e s  show t h e  averages f o r  t h e  subjec ts  of 

t h e  experiment by Green, Bi rdsa l l ,  and. Tanner; t h e  t r i ang le s ,  t h e  

da t a  obtained with the  model using a half-wave r e c t i f i e r ;  and the  

squares show the  e f f e c t  of employing a square-law (energy) de tec tor  

instead of t he  half-wave. When the  t e n e t s  of TSD are more near ly  

observed, by gat ing both the  masking noise  and the  s i g n a l  i n  t h e  

same way, t he  s o l i d  c i r c l e s  were obtained. 

subjec ts  are presented w i t h  gated noise and s i g n a l  they should 

perform be t te r ,  for a constant energy s ignal ,  when both t h e  noise 

and s igna l  a r e  gated than when the  noise i s  continuous and only 

the  s igna l  i s  gated. 

Th i s  suggests tha t  i f  

Gated Noise and Signal 

Following t h e  lead  suggested by the previous drawing we 

undertook an experiment i n  which subjec ts  were presented s igna l s  

of various durat ion b u t  of constant energy both wi th  continuous noise 

and with noise gated for the same durat ion as t h e  s igna l .  AS-66-1036 
shows t h e  averages f o r  t h ree  subjec ts .  

subjec ts  did perform b e t t e r  w i t h  gated noise than  wi th  continuous. 

They d id  not, however, show, as t h e  model did,  continued improvement 

f o r  gated noise and s igna l  at  t h e  sho r t  dura t ions .  

It w i l l  be seen t h a t  t h e  
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Dr. John Whitmore ( a  post-doctoral  s tudent  h e r e )  suggested t h a t  

de t ec t ion  of a s i g n a l  i n  a b r i e f  gated noise  i s  a very d i f f i c u l t  

judgnent, and t h a t  possibly our f indings would be d i f f e r e n t  w i th  

highly t r a i n e d  sub jec t s .  The experiment was the re fo re  repeated using 

t r a i n e d  observers,  wi th  t h e  resul t  t h a t  t h e  pred ic ted  improvement i n  

performance as t h e  s i g n a l  was shortened w a s  a c t u a l l y  observed. The 

sub jec t s  d id  b e t t e r  a t  5 msec than a t  10 and b e t t e r  a t  10 than  a t  

20 o r  50.  The r e s u l t s  a r e  being prepared f o r  publ ica t ion .  

E l e c t r i c a l  Model as a Predic tor  of  Observers' Responses 

Since t h e  e l e c t r i c a l  model appeared t o  s imulate  human 

performance i n  seve ra l  important respec ts ,  it w a s  employed as a 

sub jec t  along wi th  human observers i n  seve ra l  psychophysical experi-  

ments. 

as a sub jec t  w i th  a human observer i n  a yes-no experiment ( four  

sub jec t s  were t e s t e d  i n  t h i s  way). 

responses b e t t e r  than  whether the s i g n a l  was present  or not .  

proved t o  be a b e t t e r  pred ic tor  t han  another  e l e c t r i c a l  measure of 
t h e  s t imulus.  

envelope peak t h a t  occurred during t h e  250 msec observat ion i n t e r v a l .  

Both noise  and s i g n a l  were gated f o r  250 msec. 

measures showed a cor re la t ion-  of 0.5 t o  0.6 f o r  t h e  250 msec dura t ion .  

Shor te r  dura t ions  increased the c o r r e l a t i o n  t o  near  un i ty  f o r  very 

I n  t h e  f i rs t  experiment (by Thomas L.  Nichols) it was run 

It proved t o  p red ic t  t h e  sub jec t s '  

It a l so  

This w a s  a peak device t h a t  recorded the l a r g e s t  

The two e l e c t r i c a l  

s h o r t  dura t ions .  

e l e c t r i c a l  measures t o  be reasonably independent w i th  t h e  p o s s i b i l i t y  

t h a t  they  would respond t o  d i f f e r e n t  aspec ts  of  t h e  s t imulus and 

would p red ic t  t h e  sub jec t s '  responses b e t t e r  than  e i t h e r  measure 

alone.  

t h e  pred ic t ions  of  t h e  o t h e r  e l e c t r i c a l  model. 

The 250 durat ion w a s  chosen t o  permit t h e  two 

Actually,  t h e  peak de tec to r  added only about one percent t o  

A second experiment wi th  t h e  model was c a r r i e d  out - - th i s  t i m e  

employing it wi th  t h r e e  human observers i n  a 2AFC experiment using 
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seven levels  of s igna l ,  and with some t r ia l  on which noise alone was 

presented i n  both in t e rva l s .  Table I1 shows t h e  r e s u l t s .  

Table I1 

12.8 98.8 92.6 92.4 

7.6 91.3 80.4 80.8 

5.7 87.3 76.2 77.6 

4.8 85.4 72.8 73.6 

4.0 79.3 67.2 71.8 

3.1 77.0 65.9 72 .O 

2.5 71.3 60.1 66.1 

0.0 50.0 50.0 65 .o 

88.9 

76.6 

75.2 

70.3 

70.1 

66.5 

60.7 

63 .o 

99.4 

94.1 

91.1 

87.4 

78.7 

78.6 

68.9 

50.0 

99.1 
94.4 

93.2 

89.8 

86.4 

88.3 

81.7 

81 .g 

The f i r s t  column i s  t h e  s igna l  employed, ranging from an E/No 

of 12.8 t o  zero--noise alone presented i n  both i n t e r v a l s .  
c o l m n  i s  the  percentage cor rec t  f o r  t h e  model, and t h e  t h i r d  i s  t h e  

average percentage cor rec t  f o r  t h e  th ree  subjec ts .  

t h a t  t h e  model y i e l d s  superior  de tec t ion  throughout t h e  range of 

s t imu l i .  Recent work has shown t h a t  we could have obtained a more 

near ly  human f a l l i b i l i t y f r o m  t h e  model by employing a shor t e r  t i m e  

constant i n  t h e  post-detect ion f i l t e r .  

The second 

It w i l l  be seen 

The fourth co lmn  i s  t h e  percentage of agreement between t h e  

model and the  average o f  t h e  t h r e e  observers.  

t h e  model's p red ic t ion  o f  t he  sub jec t s '  responses is b e t t e r  than 

t h e i r  percent co r rec t .  That i s  t o  say: t h e  model i s  predic t ing  

It w i l l  be seen t h a t  
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t h e i r  response b e t t e r  than  t h e  presence of t h e  s i g n a l  does,  When no 

s i g n a l  occurs i n  e i t h e r  i n t e rva l ,  t h e  model pred ic t s  t h e i r  responses 

63% of  t h e  t ime. 

The fif'th column is  t h e  average percentage of agreement betveen 

one observer and t h e  o the r  two, Comparing t h i s  column wi th  column 

f i v e  shows t h a t  t h e  model pred ic t s  t h e  responses of t h e  human subjec ts  

b e t t e r  than they predic t  each o ther ,  

The s i x t h  column i s  the  percentage of co r rec t  responses made by 

t h e  subjec ts  t o  t h e  s t imu l i  on which a l l  t h ree  agreed, whether r i g h t  

o r  wrong. 

stimuli on which t h e  t h r e e  observers agree i s  considerably higher  

t han  t h e i r  percentage co r rec t  f o r  a l l  of  t h e  s t imu l i .  This i s  of  

course t o  be expected--the mult iple  observer is  b e t t e r  than t h e  

s i n g l e  observer.  

w i t h  t h e  subjec ts  on those s t imu l i  where t h e  subjec ts  a l l  agree.  

Again t h e  percentages are higher. 

t h e  model agrees  with t h e  three  sub jec t s  on more than 80% of t h e  

t r ia ls .  

The column shows t h a t  t h e  percentage co r rec t  f o r  t h e  

The last column shows t h e  agreement of t h e  model 

Even when no s igna l  i s  present ,  

We may conclude t h a t  t h e  model i s  apparently responding t o  t h e  

aspec t  of t h e  st imulus most important i n  human s i g n a l  de tec t ion ,  a 

considerably smoothed representa t ion  of t h e  st imulus envelope. 

A Mathematical Model of Monaural Detection 

I n  a recent ,  b r i l l i a n t  paper, McGill (1967) has shown t h a t  t h e  

r e s u l t s  of an ea r ly  experiment by Marill (1964) can be explained i n  

terms o f  an energy-detector model. Marill had employed an envelope 

d e t e c t o r  i n  h i s  der iva t ions  and had a r r ived  a t  a formula f o r  pre- 

d i c t i n g  t h e  percentage of correct  responses i n  a two-al ternat ive,  

forced-choice experiment. McGill  a r r i v e s  a t  t h e  same formula by way 
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of  an energy de tec tor .  H e  assumes t h a t  a narrow band of noise, o r  
noise plus s igna l ,  i s  gated f o r  a time T, t he  r e s u l t i n g  voltage i s  

squared and then in tegra ted .  The in t eg ra to r  i s  discharged between 

observations. From the  s t a t i s t i c s  of t h i s  device he der ives  Marill's 

equation. 

made by Mari l l  i n  f i t t i n g  h i s  t h e o r e t i c a l  function t o  human observers 

a r e  inappropriate,  and t h a t  a b e t t e r  adjustment can be made by 

assuming a d i f f e r e n t  number of degrees of freedom i n  t h e  probabi l i ty  

funct ions.  He shows t h a t  t he  Rayleigh-Rice s t a t i s t i c s  employed by 

Marill can be replaced, and more genera l i ty  achieved, by employing 

the  noncentral - chi- square d i s t r i b u t i o n ,  

He then goes on t o  show t h a t  t h e  bandwidth assumptions 

The e l e c t r i c a l  model we have been discussing i s  capable, not 

only of voting i n  a 2AFC experiment, bu t  by recording samples of 

i t s  output, of generating the  d i s t r i b u t i o n  funct ions of i t s  under- 

l y ing  s t a t i s t i c s .  

measured a t  t h e  output of the  post-detect ion f i l t e r ,  w e  obtain a 

probabi l i ty  dens i ty  funct ion which resembles, but  d i f f e r s  from, the 

Rayleigh d i s t r ibu t ion .  

skewness. It does not resemble any - chi-square d i s t r i b u t i o n .  The 

resemblance t o  t h e  Rayleigh d i s t r i b u t i o n  suggests tha t  t h e  appropri- 

a t e  function would be a Rayleigh-like d i s t r i b u t i o n  wi th  more degrees 

of freedom, and t h i s  proves t o  be a spec ia l  case of t h e  - ch i  dens i ty  

funct ion.  

The points represent  10,OOO samples of t h e  output of t h e  post- 

We f i n d  t h a t  i f  w e  sample t h e  noise d i s t r i b u t i o n s  

It i s  less skewed, bu t  s t i l l  has considerable 

AS-67-1551 shows a - c h i  d i s t r i b u t i o n  wi th  14 deg of freedom. 

de tec t ion  f i l t e r .  

Since t h e  - ch i  d i s t r i b u t i o n  f i t s  t h e  da t a  fo r  noise  alone, t h e  

next question is whether t he  noncentral  - ch i  d i s t r i b u t i o n  with t h e  

same number of degrees of freedom w i l l  fit t h e  da t a  f o r  noise plus  

s igna l .  

The abscissa  is  signal-to-noise r a t i o  and t h e  ord ina te  i s  the  

difference of means divided by t h e  standard devia t ion  of t h e  

AS-67-1552 shows t h e  r e s u l t i n g  "psychometric" funct ion.  

40 



.- 

1 1 I I 1 1 1 I 

I 
.. 

I 1 I I 1 I 1 1 I I I 1 I I I I 

41 

DRL - UT 
AS-67-1551 

12 - 7 - 67 
LAJ - ORS 



1 1 I 1 1 I 1 1 1 I 1 

\ 
c -. ' I  

1 
I 

0 



d i f f e rence .  The f i t  appears t o  j u s t i f y  t h e  assumption about t h e  

appropriateness  of t h e  d i s t r i b u t i o n  func t ions ,  . 

Noncentral Chi D i s t r ibu t ion  and Psychometric Data 

Drawing No. AS-67-1553 shows t h e  same - c h i  d i s t r i b u t i o n  and 

another  w i th  10 deg of  freedom along wi th  d a t a  f o r  Marill's two 

sub jec t s .  

f o r  v = 7 (14 deg of freedom) very w e l l ,  

r equ i r e s  fewer deg of freedom and even then  y i e l d s  a r a t h e r  ragged 

f i t .  

(50 Hz bandwidth and a time-constant f o r  t h e  post  de t ec t ion  f i l t e r  

of 50 msec) correspond reasonably w e l l  w i th  t h e  parameters employed 

by t h e  f i rs t  s u b j e c t ,  The da ta  f o r  t h e  second sub jec t  r equ i r e s  t h e  

assumption t h a t  he employ e i t h e r  a wider f i l t e r  (Marill's conclusion)  

o r  t h a t  h i s  i n t eg ra t ion  t i m e  i s  s h o r t e r .  A t  t h e  present  s t a t e  of  

our knowledge of ind iv idua l  d i f fe rences  it i s  not poss ib le  t o  decide 

which (or bo th ) .  

suggests  t h a t  nonstimulus f ac to r s  are inf luenc ing  h i s  behavior, 

a t t e n t i o n  lapses ,  indec is ion  about which but ton  t o  press ,  e t c .  

It w i l l  be seen that one of t h e  sub jec t s  f i t s  t h e  curve 

The o the r  subjec t  apparent ly  

Apparently t h e  parameters chosen f o r  t h e  e l e c t r i c a l  model 

The raggedness of t h e  second s u b j e c t ' s  f i t  a l s o  

The r a t h e r  s u r p r i s i n g  agreement between t h e  d a t a  f o r  t h e  model 

and fo r  one of  Marill's subjects  suggests  that t h i s  subjec t ,  l i k e  

t h e  model, i s  governed i n  h i s  responses almost wholly by t h e  sta- 

t i s t i c s  of t h e  s t imulus.  The parameters chosen f o r  t h e  d i s t r i b u t i o n  

employed are w e l l  w i th in  t h e  range of values  es t imated f o r  de t ec t ion  

experiments--a " c r i t i c a l "  bandwidth of 50 Hz and a t i m e  constant  of 

50 msec. 

t h e  audi tory  system. 

The l a t t e r  is  the  f igure  r ecen t ly  reported by Zwislocki f o r  

The s tud ie s  wi th  t h e  model and t h e  mathematical developments 

have been prepared f o r  publ icat ion i n  t h e  Journa l  of t h e  Acoust ical  

Society of America. 
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