
'I'hc study of ~~u in ia l  ~~le t i iory  has ti~ncously at the irplxoprietc tinlc dur- 
been hol~nd ncccsuarily by enpcrinicnts ing thc trial scqucnce to indicate to 
thnt test recognition. Yet, nlost of our the nionkcy tlint ;I singlc discriminative 
knowledge of menlory processes has rcsponsc can be made.   his response. 
been gairictl through investigations in terminates the trial. When a third 
huniilns whicli must allow, because of panel, 12.7 cm above the upper rc- 
tiian's linguistic c;~p;~bilitics. some tle- sponse pancl, is lit, an  "observing re- ' 
grec.of: rccollcction. The use of mon- sponse" (a  single presq) made by jhe  
keys as presumed ' su r ro~a tes  for man.  monkey a t  that panel ,initiates each 
in neurobehavioral research itleally , trial by causing the auditory stimulus 
should entail  ami in at ion of behaviors to- be presented. A testing sehion- 
as similar as possible to those of hu- ~con~p le t ed  in about 2 0  minytes-typi- 
nians. Bccausc of recent widespread cally involves 200 self-paced trials' in 
interest in hearing, brain, and language, which the tonc and the noise are each 
we attcnipted to specify some hereto- prcsented randomly approximately I00 
forc ~lnnieasurcd auditory cognitive timcs. Likewisd, either the red-above- 
cap?!cities of n o n h u n ~ a n ~ ~ r i m a t e s .  W? grcen or the gree~-above-red response 
present data from ten monkeys on two pnncl cues arc programmed separately 
a ~ ~ d i t o t y  behavioral problcms which to appear at random for each trial. 
can be solved only by long-term, stable Thus we obtaip dcmonstrations of pure 
pcrform;lncc of  biscnsory delayed auditory recall uncontaminated by any 
concJitionll discrjv>inntion h;b;it. *The- ,possible LISC 01 invariant spatial Cues by 
firs). problcnl shows their ability to the monkeys. 
discrinlinatc between 'acoustic cvbnts . Although straightforward in con- 
o f  very bricf.dllration;,and the sccbnd, ception, this task takes boih time and. 
their capacity for remllection of a effort to teach (approximately 18 
given auditory stimulus of 0.5-second \'ceks per animal) particularly becausc 
duration. In both instances, the testing' i t  involves a highly demanding audi- 
nicthod is response-dctermincd titra- tory-govcrncd discrimination; sDch 
tion ( I )  which allows us to equate the problems arc difficult. fqr monkeys 
tlifficulty of various problems for dif: . ( 2 ) .  The chief advantage of  this task 
fcrent subjects and, for. the same sub- ,  is that it sets firmly a baseline habit 
jcct, at JifTeicnt timcs and experimental ,th;ough which many. derivative prob- 
conditions. lems, perceptual ' and cognitive, m a y  

measure recall capacity in ?ni- be SOIVC.~. Pcrforinance functions then 
mals that possess no languag'e, we have can bc obtained, for  instance, before 
trllinctl (Macocabfmcicl(/nrj.y) and after rcstrictcd unilateral lesions ' 
to press, through.thc bars of their cage, 
either a red-illuminated panel after 
hc;~ring ;I 0.5-sccond, 1000-hcrtz tone ICO , 25 

o~qrecn-illuminated panel after hear- ' D~scrim~nalio 
ing a ,  0.5-second burst of ':whitew - so 20 

rioisc. The acoustic stimuli were chosen : - 
E 

for their perceptual distinctivcncss a t  ; 60 I5 

suprathreshold ' listening. , levels and 9 . - - 
a r c .  delivered through a loudspcakcr $ e 

l o $ ?  
mounted behind the tcsting array, at 3 - 
72 db sound p'ressurc level (SPL) .- 2c 

,* ( tone)  and 65 d b  SPL (noise) with a & 5 s  

gated rise/dccay times of 10 pscc. The 0 ?I o 
two translucent plastic responsc pnncls. 

: 50 7 1  79tn9 100 ?IU 7 1  79 89 100 
3.2 cm in diameter and spaced 6.4 cm Titration eslirnate (% correcl)' ..J 

apart, are verticnlly oriented above a 
food whcrc r c i n f o r c c n i o n t s  Fig. I. Tone versus noise discrin~ination 

and. recall funcrions for ten monkeys. 
are given after each correct response: ~ : ~ ~ h  p, , in r  and  i t s  bar represenls 
.the response pnncls'arc backlit sinllll- the group mean t 1 sr;~ndard deviation. 

of the corrcx of the temporal lobe. 
These lesions spare the'animalu' ubility 
to do  the basic task yet cause definitive 
changes in performnncc on certain de- . 
pendent problems (3).  

With our method of stimulus titra- 
tion, we specify beforehand the level 
of performance to be nttnined by the 
monkey during the test. Step changes 
of equal m'agnilude along a critical ex- 
perimental dimension ( i n .  the present . 

. ( 

studies, duration of either the acoustic . .. . , .. stimulus or  the poststimulus delay:ii- ' . . *. 
terval) are made contingent upon 'the : '. . . ,  

animal's preceding response for re:'. .:, : ,:; 
sponses) according to  predetermined . .: 

\ 
. . 

' S . .  
' 

1 ., schedules of control (4). For example. ,,-',, (>, 
to establish the 50 percent correct : ' d  * . ;.* . .. I 

response threshold for a two-alterna- ,: . . , 
tive forcedichoice h k ,  the magnitude . . . . :  
of the critical variable is ,adjusted one 
step in the direction of 'greater diG- . 5. . 

I. , * .  

culty of discrimination after each -tor- . '- '..'.. .- 

rect response, add one step in .  the .d i -  
rection of greater ease after each 
incorrect response. Schedules that es- 

. . 
tablish performance at  levels above 50.  
percent correct have more stringent 
response ~requiremenls but are no .less . . 

eflicient in their outconies; for instance, 
to force t h e 8 9  percent correct response 
level, we demand six consecutive cor- 
rect re~popses before moving one step , 

toward greater dificulfl, and a single 
incorrect response t o ,  move toward . P 

greater ease of discrimination. The  
factor of different reinforcement den- 
sities at peak titrated perforn~ance 
levels does not appear. to us to  affect. 
the monkeys' commitment to the tasks , . . 

during testing. We.  believe this can be 
accounted for by ( i )  extreme prior 
overtraining on  the basic task, (ii) fre- 
quent untiftated "control" sessions 
given during the course of the experi- . . 
mcnts, and (iii) the nearly 100 percent 
reinforcement density attainable during 
the initial portions of every titration 
scssion~regardless of its ultimate de- 
mandcd level. 

In this report, four.levels (50, 71; 
79, and 89 percent correct discrimina- . 
tion) on each problem are given' for 
each monkey. All data are derived 
from at least three 200-trial daily ses- . 
sions f o i  each animal under each titra: 
tion condition. That multiple levels of 
performance' can be ascertained and 
that a functio,n can be plotted from 
these is seen to be an  improvement 
over the more traditional all-or-none 4 
determination of a learned ability in 
animals: Figure 1 gives performance 
functions a n d  measures of variability 



list i ~ ~ i l i \ f i t l u : ~ l  1I;tt;i: c;\cli entry reflect.; 
.;titldc [ )c r l 'o rmi t r~cc  o \ ' c r  a t  Ic:tst t h r c c  

 session^. : ~ r ~ t l  t h e  :tccur:tcy is in c \ ' c ry  

c;lsc \vil l i in I pcrccnt of the t l c s i g n a t c d  

t i tr ; t t ion c s t i t ~ l : ~ t e .  T l l c s c  t;tblcs t l c m o n -  

stratc t h ; ~ t ,  a l t h o u g h  'the v ; i l ~ ~ c s  attained 
by t h c  various monkcys undcr c i t h c r  

moni t t r : t l  or b i n a i t m l  c o n d i t i o n s  o f .  
. t es t ing  do s 1 i o ~ ' s o r n c  difTcrcnccs,. t h e  

shnpc ol' t h e  incliviil~tal functions is 
well r e p r c s c n t e d  by t h c  curves of Fig. 1. 

Thc monkcys' . p C r f o r m r ~ ~ i i c  of t h c  

basic 1:1sk has bee? st:lblc at  b e t t e r  

t l l :~n 90 p c r c c n t  corrcct for at least 1 
year.. T h r o u g l l o u t  t h e  prcscnt cvalua- 
t i o n s ,  \vc interspersed 1 0 0 - t r i a l  control 
s c & i o n s ' t o  verify each animal's ability 
on t h e  basic t a s k .  Thcsc daily scssions 
wcrc free of any  t i t r a t c d  burden. 
Scorcs achicvcd by all monkcys leave 
no d o u b t  t h a t  t h c  underlying discrirni- 
n a t i o n  habit is deeply ingrained:' the 
grand mean scorc for 6000 control 
t r i a l s  (GOO pcr nionkcy) is 92.6 pcr- 
c e n t ,  and in nonc of the 60 sessions 
\\,as any  ~nonkcy's scorc lower than 90 
o u t  o f  100 c o r r e c t .  A l s o ,  wc compared 
p c r f o r n ~ a o c c  of h u n v ~ n s  and monkcys 
on t h c  brief '  s t i ~ i i u l u ~  d i s c r i m i n a t i o n  

p r o b l c t i ~ .  

\Vc t c s t c d  his atl t i j ts  ' w i t h  n o r m i l l  

h ~ , a r i n g  in -orhcr  to d c l c r ; ~ i i n c  their 50 
p c r c c n t  d i s c r i ~ i i i n a t i o n  threshold undcr 
y o n d i t i o n s  i d s n t i c a l  to thosc f o r  t h c  

m o n k c y s  cxccpt t h a t  t h c  h u ~ : l n s ,  \tfc,re 

v c r b a l l y  i n f o r m e d  of t h c  r e l a t i o n s h i p s  

: \ m o n g  thc auditory stimuli and  t h e  

r c q u i r c t l  v i s 6 a l l y  govcrncd rcsponscs. 
Thc six , vnlucs avcragcd 1.1 mscc 
( r a n g e ,  0.8 t o  1.6 .msec) ,  which ac- 
cords f : ~ v o r a b l y  w i t h  n o r r n a t i v c  I~umnn 
p s y c h o a c o ~ r s t i c  data derived morc rig- 
orously- ( 5 ) .  This a$rccmcnt could bc' 
c o i n c i d c n t ; l l  and is a f u n c t i o n  of our 
~ x \ r t i c u l : ~ r  stimulus dclivery s y s l c n i  (6) .  
0 1 1  t h e  o t h ~ r  hand,  thc'sniall  I l lcan  dif- 
fcrcnccs bdwccn man and nionk'cy in  
t h c  . p r c s c n t  rcsults might be cxplnincd 
by our ;is yet insuf l ic icn t  c o t i t r o l  of 
: a b s o l u t e  l o n g - t e r m  r n o t i v : ~ t i o n a l  lcvc ls  

in t h c s c  a r l imnls .  A n o t h e r  i m p o r t a n t  

c o n t r i b u t i n g  f a c t o r  c o i l l d  bc the 
mnemonic burden plnccd upon non- 
verb;i l  ' n i n n k c y s  by t h c  t l c m n n d i n g  cog- 
n i t i v c  a s p e c t s  of t h c  .problcni -par t ic -  

~t lar ly,  th; l o c a t i o n - i n d c p c n d c n t  rc- 
sponsc r c q t ~ i r c m c n t .  N o n c t h c l c s s ,  our 
monkcys' p c r f o r m a d c c  is c o n s i s t F n t l y  

\ v i t h h  a fcw rni l l i scconds  of t h a t  

a c h i ~ c d  by n p r t i y l  ' human  o b s c r v c r s  . 

on tli'c ' s a r n c . c o m p l c x  t a s k .  Dccausc of 
man's v c r b n l  abilities, a siniilar c o n t r o l  

tes t  for r c c o l l c c t j o n  b y  humans o f  a 

l':tl~le I. l ' u~ic  ~toi>c di,crimin:ttion, in 
ti~illi\ccunJs. 'I'hc Ie t~cr \  N. L, and It refer to 
~ > r ~ \ u ~ i i c d  ccrcltlc:tr siattls: N, both norrnd; 
I.; Icft cochlea dr.s~royeJ: nntl It, right kochlea 
1lestrc>)'ctl. Tlic ' Inhyrintllcciomics were pcr- 
lornictl before bchivioral tritining. 

Titriuion cslimntc 
hln11kcq - 

50% 71% 79% 89% 
- ~ 

PI ( N )  
Cll ( L )  
Zi ( L )  
Si ( R )  
Er ( R )  - 
I'i ( L )  
1 . 1 ~ '  ( n )  
Fc ( N )  
wvc ( L )  
Me ( R )  

hleitn 

I 

0.5-sccond tonc Br noise s t i m u l u s  is 
prccludcd. 

. 
Our r c s u l t s  demonstrate for the first 

t i m c  that  auditory recall functions f o r  

nonhuman priniatcs can be derivcd. 
Only rcccntky  have 'initial measures 
bccn o b t a i n c d  for visual recall in nion- 
kcys and for auditory r'cCill in a 'dol- 
p h i n  t h r o l t g h  thc use of the d e l a y e d  

c o n t l i t i o n a l  m a d i n g  paradigm, (7). 
Thc p r c s c n t  . findings and techniques 
shoulc l  proye, v a l u a b l e  in  a variety 'of 

; cxpcrimcntal a p p l i c a t i o n s  othcr thin 
t h o s c  in w h i c h  cortical ab!ations are 
uscd i n ,  t h a  s t u d y '  of brain-behavior 
rclationships. ~ s ~ c c i $ l l ~  in the more 
gcncral use of  monkeys _ for testing 
memory thcor ic4 .  (8) or c v a l u a t i n g  

various p h a r ~ l ; a c o l o g i c a l  agcrits, our 
m e t h o d s  allow t h c  q~~antificntion of 
c-qrtain a u d i t o r y  capacities of nonhu- 
man p r i n l a t c s . i n  similar fashion to t h a t  

l l i t h c r t o  avail:~blc only in man. Finally, 
' t h e  t i t r a t i o n  proccdurc circunivents a 

p r o b l c n i  in e v a l u a t i n g  pcrformancc of 
nl t t l t ip lc  t n s k s  in groups of animals 
g i v e n  t l i l rc rcnt  t r c : ~ t m c n t s .  S ~ t c h  s t l ~ d i c s  

trc held h o s t n g c  i n c v i t a h l y  by the q u c s -  d 

l':thlc 2. Tone vcnus  n o i x  recall, in seconds. 
Ths  noration for cochlear starus is explained 
in the legend to  Table 1. 

1'1 ( N )  

c o  ( L )  
Zi (L) 
Si ( K )  
Er (R) 
Pi ( L )  
I lc  ( R )  

' Fc (N) 
\\'c ( L )  
hlc ( R )  

hlcnn 

l i o n  of equul d i t l icu l ty  of t a s k s  ovcr t iqc  ' 
( 9 ) .  A d a p t i v e  psychophysical methods . . 

provide a way to hold c o n s t a n t ' a t  many  
.levels t h c  burden of a t a r i c ty  of de- 
ma>lds placed upon s u b j e c t s .  . . . 
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