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Efferent Oli~~ocochlear Bundle: Some Relatiunships 

to St im~ll~ls  Discrimination in Noise I 

FRI-IM I<ES[!I:IS 01' ;I rccr11 t r ice t~.opIi!,si~ J- 

losical  s t u d y  (8'). ;I I ' u n c t i o ~ ~  01' t l ~ c  crossed 
ulivocucl.llea~. I , u ~ ~ d l e  !( )C:H) \\.;I!: r ,ostulatcd. 
11;1111el! t h r  ~ I I I ~ I . O \ . ~ I I I C I I C  01' s i q~ ia l - to -~ io i se  
ratios a t  tlic receptor-ele11ic11 t I c \ d  1t.i tllin t he  
coch l r a .  B!. \va!. ol' r r c i ~ p i t u l n t i o ~ i .  i t  \\.as 
s l i uw~l  t l ~ a t  tl~c. cclua tc.tl c.kl.<.cts t ~ l ~ u ~ i  tllc. click- 
cvuked c i ~ h t h  ~ l r r \ . r  ; ~ c ~ i o ~ l  ~ )o t c~ i t i ; l l  pro-  
cluced separa te ly  I)!. c . i t l ~ r ~ -  ~ i o i s c  ~ ~ ~ a s l ; i ~ i g  o r  
r lcctrical  s t i ~ n u l a t i u ~ ~  ol' t l ~ r  ( )C:R clitl ~ i o t  
s u m m a t e  \ v I i c ~ ~  tllrsc c o ~ l t l i t i c ~ ~ ~ s  \vc:rc' clc- 
livered s i tnu1t ; lneousl~ .  I.'nrtllcr. t l ~ o s r  111i11or 
add i t i ve  cffects \vliicll cuulcl Ile ~ ~ ~ c ; ~ s u r c c l  cla- 
creasedprogrcssi\.rl!- as cit l~c'r  ~ ~ ~ i ~ s k i n g  o r  ( )C:R 
s t i ~ n u l a t i o n  was i ~ ~ c r t a s c d  ill i ~ ~ t e ~ i s i t \ . .  ( ) [ h e r  
expe r imen t s  of tlic stucl!. 1r11t ;~cldrcl s t l . c . n ~ t l ~  
a n d  s u l ~ s t a n c e  to  t he  col icepl  tli;lt tlie ()CP,. . 
in i n h i b i t i ~ i g  r cccp to r  c l c ~ ~ ~ c ~ i t s  of ~ c ~ ~ c r a l l ! .  
lower  thrcsliolcl. \\.;IS cfl'i,cti\.el\. r e ~ ~ ~ o v i ~ ~ q  
then1 f r o ~ n  a pool \\.liicll \\.oulcl otlicr\visr I)c 
avai lable  for  ac t i \ . ;~ t io~ i  I)! i ~cous t i c  s t i ~ ~ ~ u l a -  
t ion.  

S u c h  a ~ n c c l l a ~ i i s ~ n  s l~oulc l  i ~ l \ , a r i a l ~ l \ .  ill- 
c r r a s e  s i ~ n a l - t o - n o i s c  ratios ( 7 )  so 1011% 21s thc 
siqnal has  acccss to  receptor r l e ~ ~ l c ~ l t s  w l ~ i c h  

sensitivit!,) a r c  u~ia \ .a i la l ) lc  to  tlir i ~ i f l u r ~ ~ c c s  
of noise 1 1 1 a s k i q .  T h c  prcsr l i t  stucl!. is 21 

t)ehavioral  in \ .es t iga t io~i .  tlic: rcsults of \\thich 
s u p p o r t  a n d  e s t r ~ l c l  t h r  car l ic r  t i~lcli~i=s:  
-- 
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~no~ikr! . s .  t ~ , a i ~ ~ c d  lo  discl . i~nirlatc I ~ e t \ t , c r ~ i  
hul l ian  speccli sou~lc ls  presented  in 3 .400-Hz 
lu\v-pass 111aski11g rioisr. \ \ ,ere I'ou~icl sisnit i-  
canti!. impairccl  in ~ l ~ r i r .  p e r f o r ~ n a n c e  follo\v- 
i ng  surgical  section of tlie OCB. 

I.'OUI. i i c Io l~~s( :~:~~t  I , I ~ ~ . S [ I S  111111ik(:ys ~ ; I / [ I L ~ ~ , I  
r~trilo//n) \\.llost. \ \~.ighrs ;~\,cragt.tl 3.0 kg \vcl-r ttst.d. 
.l-li(.y \vc~.c Iltiusc.cl i~iclividually in a separarc 
i'acilitt. slld \ \ T ~ c  I~ro11qli1 1'1.11111 ~llc.ir l101iie cages t o  

thc laboratc~r! I'ol. trsti~ir: at the saliir tirnc csch 
die!.. :\side. I'rc~~n tllc. l'oc~d ~.rceivr.d d u r i n ~  trsting 
( ( : i l~a .  190-~ng 1);cliana-llakr I)ellrts), the!. \\.c~.c 
k:d 8 -  10 stancl;~~.cl-size Purina ~nonkey chow prl- 
lets per da!. al'rc.; I + ~ L I I . I ~  10 [lit: facility. and had 
accrss 11) \\.a L ~ I .  a1 all ( i~ i i rs  i l l  their liotnr casrs. 

Prior to tlir cs l )c~. i~nc~l ts  ~.cl)ortcd Iirrc. all oi' 
thr  lnonkrys had Iwcn trailird iin ~ l i r  saint* appara- 
111s) to discriminatr I)t:t\\-crr~ tlic spercli sounds [i] 
mid [u] (ti). lZct~-n~icln 01' this I i i l t ~ i t  \<as ~neasured 
lollowing I~ilatcral sul)c~.licial al)lations of the in- 
Irrotcrnl)oral (v i : i~~ i~ l  "associatio~i") COI.~CS (1no11- 
krys l'li'i and l ' c i j ) .  or suprrior temporal (,auditor)- 
"association") corrrs (monkey * I ) .  These animals 
co~~ij)Irt~I! .  ~ . r ac l~ i c*v~d  tlieil prcol~crative perfor- 
Inaner lcvels c:irllc:r im~ncdiatrly (l)f;.j. and 26.7). (>I. 
\vitliin 13 days ol' postol~er~ative retraining (261).  
:I l t l iou~li  histology on t l ~ c  cortical lrsions has not 
!.rt becn compl r~ rd .  visual inspection of the fised 
\vhole I~rains indiciltcs that lesions are hilaterall!. 
symmetrical. conlinrd solel!. to cortical tissue. and 
of tlir at-ras mcntionrd ahovt.. T h e  remaining Inori- 
kc! 01 t11c ~ ~ ~ . c s c r i t  str~d!. ( 3 i 4 ) .  had utiderpone no 
i ~ i [ l . ~ . \ , c . ~ ~ i ~ ~ q  SLIIYZ~I.!.. 



1utmi111 sprccl\ so\~tlds [i] a11d [u] i l l  a succcssi\.c.. 
go-1elt;go-right paradigln. BrieH\. stated, ~ h c  
illonkey, in a special resting cage (Fig. I), initiated 
a "trial" by pressing lever S (Fig. 2). This response 
immediately produced one of thc two possible 
auditor,  stimuli (each presented 50 times in ever!. 
I00 tr.ials with ncirhcr appearing ino1.c than 1 
t i~ncs  in succession) ior which a press on lever :\ 01. 
lever E was correct and was retnrorced with Tot)cl. 
.A press on the inappropriate panel lever was nor 
~.cinTorced. Any press on levers '4 or B in the pres- 
cncc of a stimulus i~nmediately terminated that 
stimulus and ~>roduced a tirnc-out of 6 sec: i f  cor- 
rect: the houselights dimmed during this period; if 
incorrect. a total blackout was given. At the end of 
the 6-sec time-out. the houselights became bright. 
signaling that a press on lever X would again int1.o- 
duce one of the speech sounds. T h e  basic measure- 
lncnt of discrimination ability was the number or 
corrccr I.csponscs in a block of 50 trials cxprcsscd as 
a porccnt. 

. rhc  monkeys wcrc givc~l  50-75 trials:day i l l  a 
sillglc scssion on consecutive days, and the noise 
level a t  which they could discriminate [i] from [LI] 
(1)rcscnted at standard and equal intensities) ap- 
proximately 63.5y0 of thc tinir was determined. 
Their  ability to discriminate between the stimuli at  
the 90% correct response level in the absence of 

FIG.  I .  Testing apparatus. This 24 x 27 s 24 inch 
wire-mesh case is completely housed in a sound- 
shielded audiometric resting hoot1.1 (Industrial Acous- 
tics Co.!. Note the ccntel. pa~.titiun, jutting 12 inches 
out from thr main panel, wtiich gives access to the 
food well from either side of the cage, yet prevents the 
animals liom pressing Levers A and B sinir~ltaneously. 
I,r\.c:~.s .\, B, and S, louclspe;~ker, I ,  peller dispenser, 
2, and hriqht and dim houselights, 3, arc labcled. 
From ref. 9a. 

X 1% 
DARK 6' 

__P 
FOOD 6*  

Frc. 7. Testing schedirle and contin~cncies, show- 
ing t l~c  possil)ilitien for any gi\.en diso.iminarion trial. 
I:or ft~rthcr dct;~ils. scc text. 

noist: was rcpc;~tc.dly vcrificd throughnut the entirr  
c:spc.ri~nenc. T l ~ i s  was clone I J ~  interspersing sessions 
(days) among th(. experimental sessions in which 
thc stimuli to I)c discri~ninated were presented 
without noise lijr 50 trials. These sessions not only 
preceded and lbllowed each pre- and postoperative 
block of experimental sessions lor each animal, they 
were also given a t  least once every 3 sessions within 
that block. Fitrther, immediately prior to and 
following each 50-trial experimental session, each 
monkey was required to score either 5-in-a-row 
correct resl~onscs in 5 trials only, or  9 correct re- 
sponses in 10 trials only (\vhichever occurred first), 
in the aljsencc of noise. Failure to meet this par- 
ticular criterion necessitated a 50-trial "control" 
session for that day wherein no noise was delivered. 

.S/~tcr j icn/ io~t I!/ s~intuli rrnd ff noi.re . 

T h e  testing ccluipment is illustrated by block 
diagram of Fig. 3. Speech sounds were recorded 
through separate channels on magnetic tape which 
was m a d l  into loops for playback. Each repetitivel\* 
presented stimulus was or approximately 300 msec 
duration with an  intervening silent interval of 
about 300 rnsec. F i ~ u r e  4 presents (from one of the 
tapes used in thesc experiments) the sound spectro- 
graphs or each sti~nultrs and shows u )  the similar 
durations, b )  the similar rundamental rrcquencies. 
and c) the similar acoustic intensities of each of the 
speech sounds. Note t h a ~  the essential spcctral dif- 
I'rrence I,etween them is the region of acoustic 
enrrgy reinrorcemenc which is present at arannd 
1,000 Hz lor [u] and not present for [i]. 

a 

Eroad-l~and masking noise was produced by a 
Graso~i-Stadlrr  noise generator and low-pass 
filtered at  2,4410 Hz an Allison 2BR filter. This  
passive net\\*o~.k !,ields a cutoff slope of 30 db/oc- 
rave outside tlte half-po\ver point. A Hewlett- 
Packard 35OD atrenuator provided 110 d b  of 
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r-- in the location' normally occupied by the head of 
NOISE ' 7 ~ s ~  the monkey when a press on lever X was emitted. 

CAGE 
T h e  graph shows acoustic output (ordinate) as a 

I function of noise input determined a t  the attenua- 
tor (abscissa). I t  also illustrates the  ambient noise 
level recorded in the quiet in the testing cage, as 
well as the output level of both speech signals (70 -- 

TAPE A k 1.5 d b  sound pressure level). 
OECK AMPL 

- 
PROGRAM 

B AND - T I M I N G  

1 L Teslitzg mellrod, noise masking, and data anahlsis 

FIG. 3. Block diagram of apparatus used for Since the monlteys had been well preconditioned 
stimulus discrimination testing in various le\.els of to discriminate reliably a t  no less than the goyo cor- 
noise. rect response level, and since "chance" response 

level in these experiments can readily be demon- 
attenuation in steps of i db.  Figure 5 shows the in- strated to be joy0 correct. it was reasoned that a 
tensity function for this noise in the testing cage point on the perlormance function somewhere be- 
measured with a General Radio I j j l  -B sound tween these levels would be most sensitive in its re- 
level meter (C: scale). T h e  microphone was placed flection or change. Weatherill and Levitt (19) have 

F I G .  4. Sonaqrnms (upper pairj and spectroeraphic analyses (lower pair) of the human speech sounds [ i ]  and 
[u], taken from stimulus tapes used in these experiments. For thc sonagrams, freq~lency in Hertz (44-4,400) on 
the ordinate, and time on the abscissa. Calibration: 1,000 Hz and 100 rnsec. Arr-ows indicate the point in time 
at which these sounds werr spectro~rnphically analyzed (below). For the  sprctroer;lms. rrlative acoustic enercy 
in decibels on the ordinate! and frequency in Hertz (43-4,400) on the abscissa. C:alih~.ation: 1,000 Hz. 
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~,cct.ntl\. desrrii)ed a metli~jd u41ercby given points 
on tlir ~~sychomctr ic  function may b; estimated. 
Perli~rmance a t  these levels can be thus "forced" 
u1)o1i tlie o l ~ s e r v e ~  t l i r o u ~ h  manipulation of the 
test st imt~lus th roug l~  some particular and -psevi- 
ousl!. dete~.mined sequence. In tlie present experi- 
ments noise masking was the test stimulus and ic 
was varied in intensity. trial by trial. according to 
t h ~  ~nonke\.s' sperch snund discrimination per- 
fc)rmance on thc ~ ~ r r v i o u s  trial. I n  this adaptation 
oT thc up-and-do\\.n transk~rrned response rule 
iUDTR)  to tlie I~cliavioral testing of animals. 
masking noise levels werc determined in the: Tollo\v- 
i n s  manner:  a )  ir two corsect responses in a row. 
tlicn increase noisr level by '2 db ;  b) if one correct 
followed I>\. one incor~.ect response: then decrease 
noise level I,!. 1 db :  o r  r )  i l  one incorrect response. 
tlicn decrease noise level by I dh.  These three rules 
ma)- b r  applied simultaneously for each trial if the 
response on the previous trial is known. I t  has been 
ascertained (19) that  this sequence will estimate 
(or  force. in the prcscnt study) the 71% point on 
tlie ps!.chometric function. hut this is true only il 
the "up  changes" :Ire oT equal magnitude to the 
"clown cha~iges." In  tljrsc esperiments the monkeys 
wcrc being pushed harder on the downside (2-db 
increase in noise level) than on the upside ( I -db de- 
crease in iioise level), hencc the point derived will 
be lower than 71 yo yet considerably above chance 
response level. 

With  no signals present the masking noise was 
"just detectable" to 3 human listeners with normal 
hearing a t  80f 2 d b  on the attenuator. Since it was 
desirable to gather the maximum number o l  ob- 
servations in critical noise levels per session, yet also 
considered less disruptive to ~~er fo rmance  to ap- 
proach critical noisc levels from below, large (10- 
25 d h l  increases in tlie noisc level were made only 
during thc first 10 trials ol' a scssion. Within these 
I0 trials tlie monke!.s would typically score 2-in-a- 
row correct responses at  each oT 4 progressively in- 
creasing nolse levels. e.g.. 75, 55: 35, and 25 d b  on 
thr attenuator (5. 25. 45, and 55 d b  above detec- 
tion threshold) and.  from that point, would be re- 
stricted to the I- and 2-db adjustments describcd 
above Tos the remaining trials. 

Each 50-trial experimental session was charac- 
terized by the averarc setting in dccibels or1 the 
noise atlcnuator Tor trials 41-50. Also noted for the 
entirfr session (as \veil as Tor the final I O  trials) was 
the rxnge or noise settings in decibels. and the num- 
ber of correct discriminatory responses. T o  evalu- 
ate the effects of tlie lesion, the mean of the attenu- 
ator settings (for the last 10 trials) lor the 5 consecu- 
tive experimental sessions immediately prior to 
surgery were compared Lvith similarly derived 
valics Tor the first 5 sessions following surgery. 

Criteria for readiness for surgery were a) a spread 
oT no more than 4 db  in the levels determined over 
5 consecutive sessions, b )  indication of asymptotic 

Ambient Noise 5op?q 
" 

60 50 40 30 20 10 

dB Attenuation 

F I G .  5. Intensity function for 2,400-Hz low-pass 
noisc. Output in the testing cage on the ordinate; in- 
put at the  attenuator on the abscissa. 

performance tvittlin t l~esr  5 sessions, and c )  demon- 
stration o l  stimulus discri~nination ability at the 
90% correct levcl prior to, following, and during 
these 5 sessions. For the results reported in this 
study thc difi:relice between the means of the 50 
Ixe- and postoperative noise attenuator settings 
(trials 41-50. 5 sessions each) was evaluated by 1 

test. 

S~rrger~l 

T h e  monkeys were anesthetized with Nembutal 
(36 mg/kg, iv) and positioned for surgery lying face 
downward with their necks flesed at  approximately 
45". Approach to thc fourth ventricle was made 
with aseptic procedi~res th~.ough the foramen 
magnum: the occipital bone was rongeured dor. 
sally to the ventral edge of the transverse sinus, the 
cerebellar vermis esposed arld gently retracted 
anterodorsali),. and a longitudinal cut made on th r  
midline of the floor of the fourth ventricle with a 
microsurgical scalpel. ,ATter the lesion was made. 
Gelfoam was placed both under and on top of the 
approximated dural flaps, the muscle and cuta- 
neous lavers wcre sutured, and the n~onkev al- 
lowed 4-7 days for recovery before postoperative 
testing. 

All monkeys reco\'ered \veil and, after 4-7 days. 
\\$ere indistinguishable from normal animals with 
regard to motor behavior. During the poscopera- 
tive recovery, however. all animals exhibited to a 
Treater or  lesser degree a) general postural un- 
steadiness, b) intention tremor, c) past-pointing, 
d )  horizontal nystagmus. and e) vomiting. These 
effects were transient and were likely due  to the 
surgical procedure itselr. as they were also seen in 
equal magnitude in an anirnal whose OCB \\,as 
cotnpletely spared (a sham-operate). Another nore- 



MONKEY 

FIG. 6. 13iscri1nination of sprc:cl~ soi~ncls i l l  noisc b y  
3 monkeys prior to and follo\viriy Icsions of the 0 C : B .  
Monkey 263 was a sham-opc~.atc. hlost intctisc noisc 
level is at  5-dh attenuation on tht: ot.tlin;~tr.. Hcit.111 ol' 
cach bar is tlre rnran noisc Ic\-c.l ;rttainc.tl in trials 41 
50 of the li\.r 50-trial c s~~~ : r . i~~ i t~n t ; r l  scssions qi1.c.n i ~ n -  
mediately prior to or ir~irnccli;rtcly Ii)llo\\.inq S I I I . L ~ I . ~ .  

Postoperative rnrans for r~ror~krvs 3 i 7 .  2(j.i, ant1 ~ ( J I  
diKcr from their preoperative 8nc;lns at <.Oil? Ic\.(.I 
of significarrce (?-tailed 1 trst I .  

worthy, albeit transient. rfl'vct \\.as ;I gencr;il I l i -  

lateral facial paresis: tlic tnonlic).~ tvc1.e unahlc to 

draw back their lips in a cliar:~ctrristic grimace. 
and the skin below tlie eyrs sho\\.ccl ;I ~nar.!ircl sag- 
ging. Th i s  rHcct, abscnt in ~ h r  sl~arn-ol)rratc nncl 
present in the other thrYe rrin~rkc!.~. \\'as considc~.ecl 
to be the sign o f  a lesion al)lrr.ol)~.iatrly ~)larrcl  i r ~  
the area o l ' thr  genua or thc scvc:ntlr cl.aliial nc.rvc. 

T h e  anirnals wcre decpl!. a~~cstl ict izrd and killctl 
by cardiac pcrfusion with normal salinr solution 
followed by I Oyo formalin. 'l'lieir I,rain stclns wc-1.1- 

coronally sectiuned (frozen tcclir i i~lir~) at  50 p.  arid 
every tenth section \\.as staiiicd (or crlls \vil l~ c~esy l  
violet. Additionally. a section irnmrcliatcl\. ad,ia- 
cent to thrst. was stained for 1il)c.l.s 1)). rirlirr LVril 
method or S ~ r d a n  black. 

RESULTS 

Speeclr sound discriminolron r i l  noise 

M o n k e y s  d e p r i v e d  by surgical  lesion o l  t he  
n o r m a l  ac t iv i ty  of t he  OC:B she\\ highly  sig- 
n i f i can t  deficits in the i r  abil i  t\. to disct-i~ni-  
n a t e  be tween  c o m p l e x  auditor!. s t i~ i iu l i  i l l  

low signal-to-noise ratios.  Tli is  f i ~ i c l i ~ ~ y  is 
p re sen ted  in Fig.  6 \vllich slio\\,s tlic postopvra- 
t ive d i sc r imina t ion  p e r l o r ~ l i a ~ i c e  chariyes for 
t h e  t h r e e  monkeys  \vhose Icsions i~l\.ol\:ccl tlit. 
crosscd OCB. F igu r r  - il1ustr;~tes t!.pical 

p rc -  a n d  pos topera t ive  session records  lor  
m o n k e y  ?j;l., 

I t  slioulcl l ~ e  kep t  in m i n d  t h a t  pos topera-  
ti1.e c l ~ a n y e s  a r e  de l inea t ed  lor 1)ut o n e  p o i n t  
o n  t h e  ps!.cl~o~netric f u ~ i c t i o ~ ~ ,  n a ~ i ~ e l ) . ,  t h e  
C13.5~:; co r r ec t  response po in t .  T h i s  p o i n t  is 
c o ~ i i p l e t e l ~ .  d e p e n d e n t  up011 a11 i n \ . a r i a ~ l t  sc t  
of testing rules: mus t  IIC in ler red  statisticall!., 
a n d  coulcl he specitied o111y a t  t hc  t e r ~ n i ~ ~ a  t i on  
of tlie e s p e r i ~ i i e n t s .  T h i s  d e t e r r ~ l i n a t i o ~ r  \vas 
m a d e  by f inding the  Invan pe rcen t  co r r ec t  
responses for those 50 trials cornposecl o l  
trials 41-50 Tro~tl  t he  last  5 p reope ra t ive  scs- 
sions Tor all 4 111011keys (62.5y0). a n d  a v r r a g -  
in?  \\,it11 t h c  sirnilarl!. de r ived  a n d  i l lsignif  - 
can t ly  d i f f e r c ~ i t  pos topera t ive  rlleari p e r c e n t  
co r r ec t  (64.5".;,). 

PRE 

POST 

TRIALS 

FIG.: ,i. PrrTor~nance I,!. munkey 261 prior ro and 
rollowiny OC:B lesion. . l ; .~c l~  50-trial session is thr 
r l i i ~ . c l  or thc block of 5 srssions: ;II.I.O\VS indicatr eqiral 
stal- tin^ points (in dccil~cls~ on tlic restricted tcstint. 
sclicrl~~lc. Dashed lines indicate hulnan detection 
tiircsholcl for tiir noisc: noisc is rnosr intcnsc at 10-dl, 
le\c.ls OII  the ordinate. I.'rllrd cr~tlcs: cor~.cct cliscr~mina- 
tioris: rrprrr circl ts:  incor.rect discriminations. T~.ials 41 
50 \\.r.t.c st;~tistirally nr~;~lyzrtl in tlrrail. 



T h r e e  h u m a n  listeners with normal  hearing 
\\,.ere tested under  cor~ditioris similar to those 
used in the animal  experi~nents .  T h e y  \yere 
instructed to discriminate (with their heads 
illside the testislg cage) between the speech 
s o u ~ ~ d s  in noise, usins  a n y  available cues. 
Theil- performance on this task was indis- 
ti11guisliable f r o ~ n  that of the animals: the 
established noise levels were asymptotic a t  
13, 16, a n d  17 d b  on the at tenuator ,  falling 
casil')..into tlie range  of 11-18 d b  d e t e r ~ n i n e d  
for thc ~nonkeys  prior to surger).. These 3 
hu111h11 listeners also served throughout  the 
durat ion of tlie e s p e r i ~ n e n t s  as  controls for 
such factors as changes in the fidelity of the 
taped speecll signals;'at the slightest suspicion 
of artilact,  the ~ n a g n e t i ~  tapes in use were dis- 
carded a ~ ~ d  new ones sulxtituted. This  action, 
I~owcver-, was never found necessary dur ing  
the critical 1 0  pre- and  postoperative sessions 

' 

Tor a n y  of the e s p e r i ~ n c n t a l  animals. 
Preoperative control layoffs of 7 and  10 days 

(2, rnonkrys) d e l ~ ~ o n s t r a t e d  tha t  perlorlnance 
cllaltge after surgery could not have been d u e  
to tcstins inactivity pcr se. Both monkeys 

LS/~~t~./r sorrnd discrirninolion tuifhouf noise .r;\u LP 2 .  P o ~ / ~ j / ~ c ~ r ~ / i c r  lrials (';.j. i.nrrr.c 1 1 

T11e '~resence  or absence of the  OCB exerts 'cifho"t 
- 

I I O  apparen t  ir~fluence on the performance of 
- 

I I ( : ~ J I I L I . O I  learned discr in~inat ions which involve c o n  hlonier Noise Srs:io~~s Scsei,rl15 

pie? guditory stilnuli in high signal-to-noise N ~ .  1 ! . i l l  ~ ~ . i . t l . <  

ratios. Tables  1 a n d  2 demonstrate  that  the Bcfore 1 ;\ftrr C ~ I I  1 

discri~liination ability of all four monkeys I 

remained essential]). unchanged after surgery, 163 
261 

provided tha t  the stimuli were not  embedded 265 
in low-pass noise. If all trials entered on both 264 

Control 
Sessions 
(50 trials 

r a c w  
- 

1381150 (92) 
230/250 (92) 
138/150 (921 
137/150 (91) 

I 

M;o!cy 1 Noisc Sessions 

Nu~nl,rrs in parrnthescs  indicate percent correct 
r1:rponsc. 

tables a re  summed,  the percent correct re- 
sponse level is found to be 90.7. S~~rnhcrs  in parcnrhcscs intlic.;lrc. pr~.crnt ~.cwrri.r 

response. 

' 27/28 ( c ~ ( , l  i 34/41 ( S ~ I  
32/35!9?)137/44[841 
2 5  , 3 j 3 7  
47/50 ( 9 4 ,  I 38/17 (9; I 

performed insignificantl!. 1)ctter ( i . r . .  clis- 
cr iminated bet\vee11 sti111uli i l l  a 11iqlrc.l' Ir\.cbI 
of  noise) in the sessio~ls hllo\\.i11: c o ~ ~ t l - o l  
layoffs. 

.A fur ther  control e s p e r i ~ n c n t  (clo~lc \ \ . i t 1 1  
each of the 1 ~nonkeys) .  \\.it11 reslllts Illore i l l -  

dicative than rluantitati\.e, i n \ . ~ l \ . ~ c l  IN(.- allci 
postoperative sessions \t.ltrrc*ir~ t 1 ~  rloisc \!.as 
set a t  their "prele\.el" ( t h a t  Ir\.c.l clcrivccl 
from the 5 preoperati\ .c sessions) ~ C J I .  [Ilr l'u11 
50 trials. T h e  Inean prroprr ;~t i \ . r  sco~.e 1.01. 
these runs was 69[;  cor~.cct. \ t . l~ilc t l ~ c  Illcar1 
postoperative score for st-ssio~rs a t  11rc.lc.\.el 
was 57';;: correct.  T h e r c  \\:rrr 111) c ~ \ . t - ~ - l a p p i ~ ~ q  
scores between these 2 c ; ~  tc*goric.s i l l  all!. of [ \ I ( :  
sessions for a n y  of the ~ n o n l x y s .  \\'hc*11. I'ollo\\.- 
ing the 5 postopt.rati\.c srssio~ls. ~ I I ( .  ~~ostl(.\.c.l 
had heen estal~,Iishccl, a f i ~ l l  sc.ssio~~ a t  t11;1[ 

level was give11 ; ~ n d  tI1r Illral1 score: \\:;IS 72"; 
correct.  .4gain, thcrc: was 110 o\'c.l.lal~ I)(.I\\.(.(.II 
the separate scorcs of this catcqory \\,it11 tl~osc. 
of the postoperativc sessior~s g i \ . c ~ ~  ; l i  ~,rc.lc,\-cl. 
although the overlap was c.stcl.~~si\.c. l ) c t \ \ , c ~ . ~ ~  
preoperativc/prele\,el a ~ l d  posropc.rari\,c :'l)t)s~- 
level scores. 

It  11iiglit be arxued that  tlir deficit coulcl 
be d u e  to either o) increasrd distractat)ilit!. o r  
6) general loss of ~ l lo t iva t io~l ,  in tlic prescncc 
of higher levels of noise. Tllcse possil~ilitirs 
may be ruled ou t  b!. two l i ~ ~ c s  of e \ , idc~~cc. .  
First, direct observation of the ~ ~ ~ o ~ t k c ! . s  dur -  
ing testing revealed no changes in d r ~ n t : a ~ l o r  
which could be attril,utcd to the al>o\.t: I I C -  
havior patterns. T h e  t i ~ n e  take11 p r r  srssio11 
t l i r o u g h o ~ ~ t  the e s p e r i ~ i ~ e n t s  was r r ~ n a r k a l ~ l y  
constant for each animal, a ~ ~ c l  food rei11forcc:- 
lncnts were treated wit1.1 tl-ir sarnr apparc:llt 
relish both prior to a ~ i d  fol lo\%.i~~g surycl.!.. 
Second, sessions were gii~c.11 postoperati\eel?, 
in \\fhich the s tandard ~nask iny  11oisr: i~~src.atl 

\ i l l  l o ~ l  

~ S ~ I / ~ ~ I I I I ~ ~ I I ~  
I j2,1 , sR ,  
I;;/I ;(I ,sol B 

.-'.fter 
-- 

28/33 (85) 
47/33 (90) 
78/32 188) 
47/51 ( 9 2 )  

Before 

263 
261 
265 
264 

27/30 ( 9 0 )  
34/37 (92) 
6 7 8 
75/81 ( 9 5 )  
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of b e i n  low-passed a t  2,400 Hz was high- 
passed a t  that frequency. The  physical inten- 
sity of this noise was set equal to the low-pass 
masker a t  83-db sound pressure level in the 
testing cage, and each monkey was given a full 
session with each of the two kinds ofnoise. 
Witliout exception, either within or between 
animals, individual scores for sessions in low- 
pass ~ioi'se'were far lower than scores for those 
sessions in which a high-pass masker of equal 
inte~lsity was used (~neans:  57:'0 correct 
versus 85% correct). 

Histology 

The  histological inaterial indicated that. 
appropriately placed (14) lcsions existed in 
monkeys 267, 264, and 265. Furthermore? the 
brain stein cut in monkey 267 deviatrd 
slightly to the left and downward from the 
midline a t  the level of the facial genua (Fig. 
8). A11 lesions tended to slant ventrally a t  

Frc. 9. Schematic diagrams of lesions reconstructed 
from the histological material. The  facial gcnua, 
lesions (black bars), and levels a t  which the photo- 
micrographs of Fig. 8 were taken (arrows), are rcp- 
resented on a srandard cylinder whose diameter (A) 
is 13 mm, and whose length (B) is 14  mm. The A-P 
ster~eorasic coordinates of the brain-stem area cn- 
closed by this cylinder are labeled on the diagram of 
monkey 263 (a sham-operate). 

their rostra1 extent such that the end of the 
scalpel track was found to be 3.5-4.0 Inrn 

assumed to be essentially equal), then the 
below the floor of the fourth ventricle. The  

~ n a x i n ~ u m  deficit obtainable under these general spatial relationsl~ips of the lesions to 
particular conditions is the 15  d b  of 264. I t  

the genua of the seventh cranial nerve are 
can therefore be further postulated that, but depicted schematically in Fig. 9 .  
for the ~ r i o r  cortical ablations. the deficits 
of the other two animals with OCB lesions 

D I S C U S S I O N  would have been greater by 6-7 db.  
Figure 6 shows that a wide ranye of values 111 dealing with signal-to-noise ratios in 

exists both for the original noise levels attained these experiments, one  is bound far more by 
and for the magnitudes of postoperative perceptual factors than by purely acoustical 
deficit. Some mention should hc made of the ones. Physically low ratios (as ozcasioned, for 
interesting relationships between a) the pre- exa~npie, by the high-pass, high-intensity 
operative noise level and the fact of prior noise used as a control) are not necessarily 
cortical ablation on the one hand and b j  the disruptive to perception, regardless of the 
postoperative noise level and the extent of integrity of thc OCB; the frequency charac- 
the OCB lesion on the other. teristics of the st i~nuli  vis-8-vis their noise bed 

Inspection of Fig. G shows that the one must be specified. Signal-to-noise ratios, 
monkey with intact cortices (264) perfor~iied therefore, are increased by the O C B  pri- 
in a more intense preoperative noise level ~l.raril\: when the sti~nulus and the noise . . 
than did the other three animals. I n  fact, this compete for ele~nents whose frequency sensi- 
monkey's level differed more from any of the tivities overlap. 
other three than their levels did from one Previously published studies of waking 

c. another. This observation makes i t  tempting animals involving lesions of the OCB have 
to speculate that lesions of associatioll cortex yielded findings which, if not negative ( l l ) ,  
(or any cortex, for that matter) may render are yet impossible to interpret (3). Reasoned 
the discrin~ination of signals in noise Inore speculation has, however, consistently en- 
difficult. dowed the OCB with a sensory-neural selec- 

-4 second relationship, that between post- tion (or "gating") function (5, 10, 18, 20). 
operative level and extent of OCB lesion. The Dresent srudv. in accordance with this , , 
may also be observed in Fig. 6.  I f  the lesions of viewpoint, de~no~istrates the process of neural 
~nonkevs 26d and 267 arc assurned to Ije coin- s h a ~ . p e n i ~ ~ g  ( 2 ,  12) .  U111ike orhel. instances 
plete (and their mean postoperative levels (1: 1 6 )  exhniined i n  considerable detail, this 




