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Science, 187, pp. 267-268.

Auditory Discrimination and Recall in Monkeys .

A bdrasgl.

Thr -rFlu arafiviery recall functions fave feen ||'|"r'|:5'fr.| frar marsii B sy :

the wwe wmisnaly alee demoneteite perceptiel  obidivles clavely  approxisianiisg
thowe oo e, AwoefBeiear, peverfad povelnpfieodeel teckedpue Boaned fo specify
il _|'-||l.l|'¢' j1.I|I'|I|J|"|'|'4|' trieln af rI|'r||j|'|r|f_'|' il fusk r-l‘rlrrlrlu.Urr|'|' WeRirEs dfaike, aimals,

e probieas,

The shidy of onimal nemory has
been bouwnd pecocssarily by espefinicnls
Heal test recopgnition. Yel, most of our
kivpwledge of memary processes has
been gained through investigntions in
hmins which must slbow, heonvse of
man's linguatic copabilities, some e
grec ol recodleetion, The use of mon-
keys s peesumed surrognies for man,
i rl.e'i.lrpt.l:ha'-inru] resenrch  adeally
whould entail q_!;a.mirln.l:inn afl behaviors
as semilar 2t possible 1o those of hi-
mans, Dogouse of recent widespread
inderest in heuring. brain, nnd languape.
we allempled o specify same hereto-
fore uamcasured audiloey  cognitive
capacities of nonhuman  primaies
present data (rom ten monkeys on lwo
audituty  bchaviseal  problems  which
cun be salved only by long-lesm, stnble
performanee of a bisemsory  delayed
copditipnul  discrimination habit The
fiest problern  shows their ability 1o
disceimdmaie  Between ‘moowstic evenls
of very briel- duration; nnd the scconad,
their capacity lor recelbection of a
given auditary stimulus of 05-second
durztion. In both imtances, the lesting
micthad i responseedclermincd  Litra-
tign {F) which allows ug to equate the
dilficulty of various pn:l:-l:m: for daf-
[erent subjects and, for-the same swhe
ject, al dilferent times and eaperimental
conditions.

To mexsure recall capacity in ani-
mals ihat pessess no language, we have

* jruingd monkeys { Mararm farcicudariv)

1o press, threugh the bars af their cage,
cither o redsilluminated panel alver
hearing a 0. 3accond, 100Ehertz 1one
o a preen-ileminated panel after hear-
ikg o O5secomd borst of “white”
fipise. The acoustic stimuli were chasen
for their pervepidal dhistinctiveness ail
suprathresheld ~ Hstening - levels  amd
are delivered thfcugh 3 baodspeaker
mounted behind the iesling array, al
72 ub sound pressere lewel (SPL]
ftone] sod &5 &b SPL [oaise) with
gated risesdecay times of 10 psec. The
1wo translucent plastic respoose F‘\-'I:I'If]'l.
1.1 cm in dsameter and spoced 68 cm
aparl, afe vertically ariented obove a
focd well where pellet reinforcenwanis
arc pivem alter cach correct resparsc;
the response panch “are hackht siemails

s PANMUARY 1978

laneausly al the appeopriale me duar-
ing the drinl sequence fo indicate to
the mvonkey 1hat & single discriminative
response can be made, This response
ferminates  the irial. When a third
panel, 12.7 ¢€m above the uppef re-
spinse pancl, is Nt an “obslerving re-
sponse” (& single presy) made by fhe
monkey al that panel mniliates each
trial by causing the auditory sthmulus
o= be presenpied. A desling  sestion=—
completed in aboul 20 mingbes—1ypi-

cally imvolves 200 sclf-paced trial! in

which the tome and the modse are each
presented randemly approximaotely [00
times, Likewiss, either the red-abave-
green ar the preen-nhove-red response
panei cucs are programmed seporately
to appear 2l rondem for esch trial,
Thus we obtaip demonsications of pure
awdlstory recall uncontominated by any
possible use of invariant spalial cues by
the mankeys,

Although  straighifesward In coa-
ceptign, this rask lakes both tme and
cflosl  bo ieach (approximotely 18
weeks per animald particularly because
it invalves a highly demanding awodi
ory-gaverned  diserimimation:  sdch
problems are  difficull Tor monkeys
f&). The ehiel advantage af this Lask
i that i sers fiemly a baseline habig
_Ihiwi:h which many derivative prob-
lems=, percepteal amd cognitlee, -may
bé solved. Merforinance functioss ithen
con be obtained, [or instance, before
und after restricted unitaleral lesions !
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Fig 1. Tane wersus piise discriminalian

and . recall Tunciions  for bes monkeys.
Each peiet ard i85 vertical bar represenis
the promp mesn = | slamdond Sewiemn

of the cortex of the temparal bobe.
These lesions spare the anbmals’ ubiliny
fo i the kasic fask yef cause delindlive
changes in performente on cerlain de-
pendend problems ().

With our method of stimulus fitru-
lign, we 1pﬂ:i:|']' helorehand the level
of perlermance to be ottsined by the
monkey during the lest. Siep changes
of equal magnilude sloag n critical ex-
perimental dimension (ia the present
studies, durntion of either the acousiic
slimulis or the poststimulus delay in-

terval) are made contingent upon the: '

ankmals preceding response (ar  fe-
sponses ) according to predetermined
sthedules of contred (4). For example,

|

to establish the 50 pescent cofrect -

response thresholl for o two-alterna-
tive [arcedschoice task, the magnilude
of the eritical variable is adjusied one
step in the direction of *greater d.il‘ﬁa
culty of duceimication after each cor.
rect response, nnd one step o the di-
rectegn af  greater ease after each
incorresl responie. Schedules that es-

tublab perfacmance af levels above 50 -

percent correct have more siringent
response requirements but are oo less
cflicient in their cutcomes; far insfance,
to [oree the B9 percent correct response
fevel, we demand six comsecutive cor-
rect respopses befare moving one step
toword greater dificulty, and o single
incorrec! respofisd 16 mawe  laveard
greater ease of diserimdmation. The
Tacter of different reinforcement den-
BiEE al peak  tirated performamnce
levels does B appear 1o us lo affect
ihe monkeys” commitment o the tasks
during testing. We believe this can be
accounted for by (i) extreme prior
overtraining on the basic task, (@) fre-
quent  untifrated  “comtrol®  sessiona
given during the course of the experi-
mcrts, and (i) the nearfy 100 percent
reinforcement density atlainable during
the instial portions of every titratlon
eenistft regardless of its oliimate de-
marled level,

Im this repert, fourelevels (50, Ti;
79, aml EY percenl correct discrimina-
] an cach prul:l:m afe gi'w:n' for
each monkey. All data are derived
From @t least chree 200-trial daily ses.
sions for exch animal wader each titra-
tepn condition. Thal multiple levels of
performance con bhe asceffamed and
that & lunction ean be phodted Trom
these i seen 0 be an bnprovement
aved Lhe myore traditional all-or-mone
determinstion af a learned abildy in
animals Figire 1 gives performancy
himetians aod meassures of  varisbilicy
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fir Ll entire prawips Tables 1 oamd 2
lisl inhivicdeal slagi; each gntry nelleets
slalde peefogiminge over kb beast three
sessapns, andl the ncocurscy i€ i every
gase within | porcent of the designated
fifration estintale. Theswe tables semon-
sirale tlal, althogh The values atiained
by the varloss snonkeys under either
monherad ar  binoura)
pesting o show” some dilferences,. the
shope of the individual [enctions §s
well represented by the cusves of Fig. L

The menkeys' . pifrforinince of the
busic fusk has beeg siabde ot beller
than 40 percend cosreed for atl feast |
vear.: Throughout thg presept evalun-
ligms, we inperipersed [-trial ooatrol
sessions bp verify coch apimal's abibity
on the basic task, These daily sessions
were free of ony  tirated burden.
Scores achieved by all mwonkeys leave
no deubit that the waderlying diserimi=
nalion habit is decply ingrained: the
grand mcan seore for G000 control
irfals (600 per monkey) is 91.6 per-
cenl. ond in nome of the B sessions
wis 2y monkey's seare bewer than 90
aaip ol DIEF correct. Ao, we i:\vri-lnr]'l-:l.'rr:|.1
performanoe of |'||1|||:|_:|r'r: and monkeys
an the bBeied stimulex  discriminntion
prahlem. )

We tested sin aslufis T with  normal
heating im+arder (o detgemine their 50
percenl discremination theeshold oder
comlitioss adentzcal 1o those for the
monkeys cxgepl that the hamans were
werbally informed of the relalionships
among the auditory stimall sl ke
required: wisually governcd responses,
The siv  walues averaged L1 msee
[range, .4 to 1.6.mscc), whech ag-
" eords [avoralsly with normative human
payclenacoustic datn derived more rig-

arously- {53, This agreement soalsl b

coipsidental snd & 8 function of our
phrticulnr stimilus delivery syatem (6.

concitions ol

Talide 1. Tenr verapy some digedsSanil=ss, in
sallicvmls. The levges ™, L, and R oreler 10
prewmed coghlear sigtis: N, boih sesmal;
I 'edi cochiea dessroped; and I, figha Suchies
||r-l.r\'|'\-l-'|.'\5|. The “labyrimheciomine wone e
tarmieil before behaviesal iraining
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Ouer results demonstrate for the first
time that audiary recall functioss for
nonhuman  primates con be derived
Only recensy have initial meosures
been oblained for wisual pecall in nyoa-
keys and for awmbileey redall in a dol-
phin throuigh the, use of the delayed
canditional  maf®hng pd.r:ndlgnl 7h.
The present findings and technigues
shoubl prove valuable in a variefy ‘of
cxperimental applications ciher  thin
‘hese i which »;_qu:'cql n.hi_.al:iuru are
used i the sudy of brala-behavior
relationships. Especially in the more
gencral wse of monkesys for testing
memary  thearier (&) ar E'ﬂ.ll.'l:lli.ng;
various phaemiacolopheal  ageits, our
methads alkpw  the quantification ef
cprtnin audidory copacitics of nonhi-
man prinsates in similar fashion to that
hitherio available only in nane, Finally,
the tiention praccdure ciroumvents a
prablemn in evaluating performance of
nuiltiple wsks in growps of animok
given dillerent trentments. Such stuadscs

Qn the ather hangd, thetsmall miean dif- #r: hehf bestape inevitably by the ques-

ferences befween man amd monkey e
the present fesubhs might be explained
by our s vet jmsulliciend conirel of
absolule lengdermy medivotionnl bevels
i thezs apimink. Amother importomt
comiributing  facior  could be the
mnemnic  burden placesl upen  noen-
verbul monkevs by the demanding cop-
mitive aspeets of the prablem——partic-
ularly, the localionsindependent  roe
sponse reginrenwenl. Monctheloi, our
monkevs' performance is consistpnily
|.-.-||'|1:r|1. n Jew millissconds af 1that
uchicyed by rtnm'ml “mpman observers
o ife wame :-:mp[l.'l. task. Becasse of
man’s verbal ahilities. o similar contral
test Tor pecpdlection by humans of a
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Table 2. Tone versie noise recall, = secomds
Toe noitian for cochivas staber i explaingd
inoshe epemil S0 Tabke I,
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Hon of cyusl difficulty of tasks over time
(%} Adoptive paychophysieal metheds -
provide o way 1o hold constant at many
levels the burden of @ “varmly of de-
mands placed upon subjects.
Jasmps H. Dewson, 111
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