
was purlfed on a cobalt affnty column. Thrty-f~ve 
carboxy termna ammo aclds were cleaved by chy- 
motrypsin pfoteolyss. T i e  trdncated channel was 
p~rl f led to homogeneity by gel f~ t ra ton and the de- 
tergent exchanged n a i ~ n a  dialys~s step agalt-st 5 
mM N,N-d~methyldodecylam~ne-N-oxide (LDAO). 
C-ystals were grown at 20'C w~ th  the s t t~ng  drop 
method by m x n g  equal ?ioumes of proten souton 
[5 to 10 mg#ml. 150 mM KCI. 50 mM t r~s  (pH 7.5). 
and 2 mM dthot i re i to j  wi:h reseluor mxtdre [200 
mM CaCl,. 100 mM Hepes 1pH 7 5). and 4a33 PEG 
4001. Throdgi the entire preparat~on, t i e  channel 
proten vdas maintained in soutons contanlng 150 
rnM KCI. For defntion of K' stes, crystals were 
transferred Into so utions ;$:here ' 50 mM KC was 
replaced by 150 mM RbC or 150 mM CsCl 
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Classical Conditioning and Brain 
Systems: The Role of Awareness 

Robert E. Clark and Larry R. Squire* 

Classical conditioning of the eye-blink response, perhaps the best studied example of 
associative learning in vertebrates, is relatively automatic and reflexive, and with the 
standard procedure (simple delay conditioning), it is intact in animals with hippocampal 
lesions. In delay conditioning, a tone [the conditioned stimulus (CS)] is presented just 
before an air puff to the eye [the unconditioned stimulus (US)]. The US is then presented, 
and the two stimuli coterminate. In trace conditioning, a variant of the standard paradigm, 
a short interval (500 to 1000 ms) is interposed between the offset of the CS and the onset 
of the US. Animals with hippocampal lesions fail to acquire trace conditioning, Amnesic 
patients with damage to the hippocampal formation and normal volunteers were tested 
on two versions of delay conditioning and two versions of trace conditioning and then 
assessed for the extent to which they became aware of the temporal relationship 
between the CS and the US. Amnesic patients acquired delay conditioning at a normal 
rate but failed to acquire trace conditioning. For normal volunteers, awareness was 
unrelated to successful delay conditioning but was a prerequisite for successful trace 
conditioning. Trace conditioning is hippocampus dependent because, as in other tasks 
of declarative memory, conscious knowledge must be acquired across the training 
session. Trace conditioning may provide a means for studying awareness in nonhuman 
animals, in the context of current ideas about multiple memory systems and the function 
of the hippocampus. 

Memory  is co~nnosed of several different 
abilities ;hat depind on different brain sys- 
tems 11 ) .  A fundamental distil~ction is be- . , 

tween the capacity for conscious recollec- 
tion of facts and events (declarative or ex- 
plicit memory) and various nondeclarative 
iimnlicit) forms of memory that are ex- 
preised in sk~lls, habits, and simple forms of 
conditioning. This distinction is dramati- 

u 

cally evident In amnesic patients, who have 
bilateral damage to the hippocarnpal forma- 
tion or related midline diencephalic brain 
structures. These patients have severely im- 
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'To rdi-om cofrespondence s h o ~ l d  be addressed 

paired declarative memory and are pro- 
foundly forgetful. Yet these same patients 
have a fully intact capacity for nondeclara- 
tive memory (2) .  Indeed, a large body of 
literature in\,olving both humans and ex- 
perimental anilnals can n o a  be understood 
by recognizing that lnelnory tasks requiring 
declarative lnelnory depend on the integrity 
of the hippocampal formation and related 
structures, whereas tasks requiring non- 
declarative lnernory call be performed nor- 
mally after damage to these structures and 
are supported by other brain systems. De- 
clarative memory is what is meant by the 
term "memory" in ordinary language, It is 
~nvolved in lnodeling the external world, 
and its contents can be brought to con- 
sciousness as a verbal propos~tion or as a 
mental image. By contrast, nondeclarative 
memory is expressed through performance 
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without affording access to any conscious 
lnelnorv content or even awareness that 
~ n e ~ n o r i  is being used. This form of ~nelnory 
permits cumulative changes in perceptual 
and response systems and allows for the 
gradual cie\,elopment of new skllls and 
habits. 

A lnaior 1~u;;le about the distinction 
2 .  

between conscious (hippocampus depen- 
dent) and nonconscious (hippocampus in- 
dependent) forms of memory concerns clas- 
sical conditioning. Classical conditioning, a 
pl~ylogenetically early example of simple 
associative learning, has been studied ex- 
tensi\,ely and \vould appear to he a quintes- 
sential exanlple of nondeclaratl\,e memory 
(3) .  In perhaps the best st~ldied classical 
conditioning paradigm, delay conditioning 
of the eye-blink response, a neutral condl- 
tioned stirmlh~s (CS),  such as a tone, is 
presented just hefore a11 air puff uncondi- 
tioned stimulus (US) .  The U S  is then pre- 
sented anii the two stimuli coterminate 
(Fig. 1, A and B). Inltlally, an eye blink 
occurs reflexively in response to the US, 
but with repeated CS-US pairings a learned 
or conditioned response (CR)  IS elicited by 
the C S  in ad\,ance of the US. The CR 
overlans with the US such that the eve 
blink serves as an adaptive, iiefens~ve re- 
snonse to the air ~luff. Studies in the rabbit 
have shown that the cerebellum is essential 
for both the acauisition and retention of 
delay classical conditioning (4)  and that no 
other forebrain stnlcture, illcl~ldillg the hip- 
pocampus, is required (5).  ,41nnesic patients 
also exhibit intact acL~uisition and retention 
of the class~cally conditionec-l eye-blink re- 
sponse (6, 7). Thus, eye-blink conditioning 
appears to have the automatic, reflexive 
features that are characteristic of non- 
cieclaratlve memory. 

The puzzle concerns trace conditioning, 
a slightly ihfferent vers~on of classical con- 
ditioning in which the C S  is presented and 
te rml~~ated  and then a short interval is irn- 
posed before the presentation of the U S  (8) 
1F1g. 1. C and D).  The name comes from 
the fact that the C S  must leave some trace 
in the nervous system for a CS-US associ- 
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,itiL7n ti> lye esral~li?heLi. T r x e  colliiitiol~ill: 
reilwrcs thc I ~ i p ~ ~ o c a m p ~ ~ >  ( 7 .  9-1 1 ) .  Yc,r 
the trace ~ l ~ t e r \ - a l  (tvpic;llly 1 , or 1i.q.) i. tar 
to<) , l~t>rt  to create ,1111- 5pecial tlifficult~ L>I. 
,Imne\ic par~entz {vith hippocamy~il tl,~lilaee 
(1 2 ) .  .Allillezlc p'ltiellts cc111 e<lsil\- 1 1 0 1 L l  ~)lltO 
~ I I ~ O T I - ~ I J ~ I O I I  for 1ll~11y qecol~~lc.  A\ccor~4~~1:1\., 
1t ha> not l ~ e c n  cleclr \\.11,1r ,~.yccr oi tr;icz 
coni l~t~onln:  require.; the h ~ p p o c ~ r m y n  or 
11-11\ rr,rce c o n d ~ t ~ < m i n y  ~ilii'llt ~ ~ l \ t ) l \ - c  de- 
cI<lr<ltl\-? lllellIor\-. 

'3.e reaic>neil t l ~ a t  trace c o n J ~ r i o n i n ~  
mizht Llittcr from ilt.1'1~ conilirionini. 111- rc- 
~ L I L ~ L "  l;l-i~)\vleili'e ~ > f  the C S - C  rcl;it~i)l-i- 
\11111 to 13~111L1  11p ;111d be rememPercLl ;Icrc>>a 
 man^ tri<ll> ( 1-3 ). T o  e ~ y l < ) r e  rhi.; p o s s ~ ~ ~ l i t y ,  
\vc te\tcL1 i l ~ ~ l ~ l e \ ~ e  p ~ t l i . l ~ t ~  ill~ii cC)ntrt>l i.01- 
nl-ireers o n  kotl1 ilclay ,lnil trace conditio11- 
i n g ~  ;l11t1 \ve also ,l,,\es<eJ the l<~~t)\vleLl~e 
that l l~l r r lc ip~lnr  ile\.elopeJ a l l o ~ ~ t  the CS-  
U S  c ~ ~ q t > c i ~ ~ t ~ < ) ~ ~ .  

Procedure. W'e testeil 4 CIL~II~' , ,IC 13,i- 
tl?llt> ( 14) < l l l L I  4s ll,>l-lil<ll \-L)l~lllteers ( 15) 

\\-it11 t11-i) t l e l ~ l ~ - - c ~ ~ n i l i t i o ~ ~ ~ ~ ~ ~  prt~cedures 
c~ l l i l  r\vi) trace-ci)nLlititjn~ly y r t j ccLi~~rc  (Fiy. 
1  ) .  Ft)r ilel;r\- cL>~1tIitii)~1ini.. the CS \v,ls pre- 
. c ~ ~ t e ~ i  i ; ~  71117 1115 1lefi)re the prr>ent,ition o i  
;i lc'2-111s U S  ( t l i . I ; l ~  TL'C?, il = l ? ) ,  01 the  CC; 
\\.,is yre.entet1 i;>r 1?5Q 111s l.ei;>re U S  t)nset 
(Liel<l\- 115?% 11 = I ? ) .  I11 lY>tll \-ersl<>ll> of 
Llela\- cr)n,l~tlaning, the C S  a n ~ l  the US 
01 i'rlaypcil <111~1 ~o te r l i~ l~ l~r t i ' i i .  For tr,lce 
cc>nili t~on~ny, ,I CS \v,is yrc\ente~i i;)r 2Sc? 
lib, ,inJ t l ~ e n  ;I jOc?-m. trace inter\xl (trace 
i ? C ,  il = 17)  or lL?L'?-~llq trricc ~ ~ l t c r \ . ; ~ l  
(trace lCc'2, il = 14) inter\-enc,l beiore 
p r z ~ n r ~ t l o n  t>f t11e US.  T h e  ,r11111e?1c 17"- 
t ~ e n t s  were :l\-en rr~rce l?C? c t ) n , i ~ t ~ o n ~ n g  
f~ r s t  ,lnLl then 6 t<j 35 .l,iyi 1;lrer iverc itl\.cn 
,Icl;i\. 1 IS$ c o n ~ l ~ t ~ o n ~ n e .  .-\I1 four co11iil- 
~IC>IIILI~' plrClLiig~ns ~ ~ s e ~ l  iIitferc11tii11 ct)11~1~- 
r1o11i11: pr<)ce<lure \\ it11 tlvo CS\ in which 
one CS n.<ls con\~\ te~- i t ly  l.aireLj ivith the U S  
j C S + )  ,111d ir  ,cco~-iil CS n,,li I.re,c~~teil 
,ili>ne ( C p ) .  Fix half <) t  the p,irtlclyant>. 
the C S p  \\.,l; <I tune ,111~1 the C S  \\.,I, \\ h ~ t e  

Fig. 1. The te~?iporal ,.e- a B 
Ia t~o~ i s l - I I ~  ,,etl.:een the cs- 
CS a i d  the US s sI7o,::17 I - -700-1 1250-,n 

for each conait~ol-ling US 100 u S 
100 

[;I oceaare D t ~ r ~ i ' g  aea! 
conci~tioning, tlie CS re- DELAY (700) DELAY (1250) 

~ i i aned  on !1nt tlie 133- 
ms air p ~ ~ f f  US :$:as 1pr.e- 6 

250 
D 

sentecl anci botl7 st1171~1Ii C S ~  CS- 
coterl~i~nateci, i A  Tlie CS US k500-- in__ 1 O O O ~ n  

US - 
,,,"" . ! s s  presentecl 'or 733 100 100 
17is before the US onset. TRACE (500) TRACE (1 000) 
r B  The CS :$:as preserit- 
ecl 'or 1250 1-1s before tile US onset iC alia BI C t~ rng  trace condtoning, the CS ,::as 1;resentea 'or 253 
ms, ana tlieti a 530-ms trace ntel-ia ICI or a 1030-nis trace nter5.a ID) n te r~enea betare plesentato1-I ot 
tile US 1 7  eacli case lhalt ot the t r as  11i\!ol:ecl   resentt tic a seco~ici CS alone ,::thout tlie US. 

Delay Delay Trace Trace AMN 
700 1250 500 1000 Delay Delay Trace Trace 

700 1250 500 1000 

ntjlse (st,ltic). For the other half ot the 
iurticlyants, the C S  ,111Ll the C S  were 
re\-cr\cil. In all Ljnr p a ~ ~ ~ d i g m s ,  training 
c i>~~sis ted t j f  60 C S  and 6? CS- trials. 
\\,hie11 \Yere yresente;l n.hili. p,lrticipanrs 
\ ~en,cil  ;i silent movie. Differential ct)nLdi- 
t1on111 \va\ meaqured 2s the percent,~qi. of 
CRq to the C S  ~ I I I L I S  the percentage of 
C R \  to the CSp (16) .  

ImmcJ~;ltcl\-  ,lfter con~i i t loning,  partlc- 
1ya11t> tt~t-ilc ;I true or false test tl1;it asked 
,rhout ,Ispeers of the  ~ o n ~ l ~ r ~ i ) n ~ n g  scssion. 
incluiii11: 1 1 < ~  \\ell they reme~ilbi.ri.~i the  
n l t ) \ -~e  (Fig. ?A4) ;111J ho\v \\-ell they ri.- 
memhereLl the  CS+, the  CSp, and the  CS 
,111~4 their resyonses to the  CS+ and the  
C ( I  7). T h e  critical ~ l u c s t ~ o n s  \vi.rc 17 
ailLlition,il items concer111ng the  temporal 
rclatic-insh~rs l-etn een rhi. CSp, the  CSp. 
,111~1 the  C S .  For csamyle, true or false: I 
hc1iei.e the  ,Ilr 1 ~ 1 t i  u s u , ~ l l ~  came immedi- 
,itelv betore the  t o ~ ~ e ,  I l ~ e l ~ c \ - e  the  tone 
u s ~ ~ a l l v  came imme~liatelv l-etore the  static 
n~>lse ,  I belle\-e the  atatic n o w  anLl air putt  
\\ere ,il\vays closely re la te~l  111 time. dl-id 1 
he11ei.c the  to11e l-reLl~cteLl n h c n  the  alr 
13~1ft \\-ou1.i come. Part~cilpal-its respontleLi 
tt) t he  test ~rellls In ,I f ~ s e d  order and \\.ere 
n i ~ t  perlnitteil to cha~-igc earher ,lni\vers. 
111 e,lch ot the  fi3~1r groupa, partlcip,~nts 
\vl1(3 scored s i q l ~ i f i c ~ l ~ ~ t l y  alyc31-e c h a ~ l c e  o n  
the  1 T critical clucst~on? [> 13 correct out 
of tl-ie 17 te?t Items t h ~ l t  asl<i.il ,illout the  
tcmyinr,~l relationships lxr\veen the  sriln- 
u11 ( I S ) ]  n.ere Lles~gni~red '1s alvare ot the  
r c l , i t l o n s l ~ ~ l ~ ~ l ~ m c ~ n ~  the  s t~mul i ,  '111d par- 
t l c i ~ ~ a l l t s  \v110 'll'l l1~) t  Scdre ~i~l1iflcal1tly 
, i l~o\-e cl1,ince ( 5 1 7  te,t irelns correct) 
\\-ere Liesigllatcii ,I? ~ ~ l - i a ~ v a r e  (Fig. 1R). Tl-ie 
a c i l ~ ~ ~ s ~ t l o ~ - i  ot classical eve- l~l~l lk  col-idl- 
t ~ ~ > n i n g  ( 1  9) \\.A? t hen  comy1areLi for the  
,in-,Ire and una\v,ire groupi i l l 1  each \.ersioll 
of t he  t ~ s l < .  

Experimental results. Kno\vledgc ot  the 

diriol-ill-ic, hut it \\.;I.; a cruci,ll f,lctor in both 
\.crsl~>l-is of trace i a n d i t i o ~ l i n ~  ( F I ~ .  3 ) .  Sye- 
cificall\-, normal ~ .ol~ul teers  acquired delay 
cc-inilirioll~ll: \vhi.thcr the\ \yere kl-ion-I- 
eiigeahlc , ~ l i o ~ ~ r  the  CS-US ,rssoclations or 
not.  For t r x e  c a ~ ~ d i t l o n i n r ,  01111- rllose 111- 

Lliviclual, \vhn cle\.eloped kno~vleilge of the  
CS-US assoclatlons successhlly aciluireLi 
tile tahk. Flnallv, the amlle?ic yatiellrs, none 
of 1v110~11 I T C C ~ I ~ C  il\\.c~~-e of the  CS-US asso- 

Fig. 2. 8 1  N-11nbei o' correct responses to 1 0 tr!~e or tase c!.estons abot~t  tlie content o' the s e n t  ci;ltlolls ( 2 3 ,  \yere unable to accjrllre trace 
mo\.'ie tliat partcpants , latched dur~ng tlie co1icIto1i11i2: I;rocea!,re Al'dN foal- arninesc patents. Each ennLlitiollill~, althollgll acquireLl Ljclay 
o' tile 'our otlier gioclps conssted o' 10 to 14 control paricb,ants even tiela) eye-:,Ink conat ionn~:  or ec,llclltlolllllt ;It a llorllIal i ~ ~ ~ ,  3 ) ,  Tile 
trace e)e-1:nk concl tonng isee FIG. 1 I.  The AMN aroup pelformed no better than chance and more 11l1mi~er of correct rcspollses 011 the true or 
i:oorl! tlian each o'the otlier grot~l;s a P:alaes -: 3 001 IB I  Ncmber o'correct res1;onses to 17 tri.e 
or false q ~ ~ e s t o n s  %bo!.t tlie tempola reatonsh1,s bet:veen the C S  the CS , anci ti-~e US The black "Ise ti.zt ( n u t  'jt l 7  itell-ia rl'clt ''skec' about 
bars are tile scores of col-~tro I;ari~c~patits :\:iio :$:ere 2,:;ai.e of tile CS-US reatiol-lsl-lip tile ,:;l-lte bars are CSp, CS . relariol-i,hip! n.as not 
tile scores 0' contra par icpants :.,#ho !.:ere !.na!.:are 0: tile CS-US reat~ol is l -~p,  the liatclied bars c~)r'.flc1tc'il ~ v i t h  the Iicrcenta.:e o t  iliffcren- 
are the scores'or tIieLo!.r a~ i inesc  patents. Tlie t i~. l i iber of ip%~?~cpatits 11 eacli gro~-,p s tile sa?ie as 111 rial respollding fix eitl-ier 1.eriio1-i of cle- 
IAI. Error bars slio'id tlie SEM l,r\- col-iditinl~ing (delay TOO. 1. = -0.10, 



P > 0.5; delay 1250, r = 0.16, P > 0.5) but 
was significantly correlated with the per- 
centage of differential responding for both 
versions of trace conditioning (trace 500, 
r = 0.74, P < 0.01; trace 1000, r = 0.69, 
P < 0.01). 

For trace 1000, the failure of the amnesic 
and unaware groups to demonstrate differ- 
ential conditioning was due to the failure to 
acquire CRs to the CSt. For trace 500, 
unaware part~cipants faded to demonstrate 
differential conditioning because they did 
not discriminate between the CSt and the 
CS-. That is, they exhibited CRs to both 
the CS+ and the C S  (21 ). 

We also addressed the nature of the re- 
lationship between awareness and condi- 
tioning. Did awareness occur as a result of 
conditloning, or did conditloning occur be- 
cause participants becaine aware of the CS- 
US associations? In both versions of delay 
conditioning, participants acqulred differ- 
ential conditioning even if they did not 
become aware of the CS-US associations. 
This find~ng shows that successf~~l condi- 
tioning does not guarantee awareness. To 
exatnine this issue more directly in the case 
of trace conditioning, ale tested two new 
groups of participants. With the first 
group (five Inen and three women, mean 
age = 70), we thoroughly explained the 
tetnporal relationships between the CSt,  
the CS-, and the US before trace 1000 
conditioning. All participants exhibited dif- 
ferential conditioning. After conditioning, 
the group obtained a score of 16.0 correct 
out of 17 on the test itetns that asked about 
the temporal relationships between the 
stitnuli. This group also exhibited signifi- 
cantly improved conditioning compared 
with the 14 control participants in the trace 
1000 group (block six scores, P < 0.05; Fig. 
3D) (22). The second group (five men and 
three women, mean age = 63) was given 
trace 1000 conditioning while concurrently 
performing an attention-demanding task 
(detecting strings of three odd digits in a 
running sequence). This group obtained 9.0 
correct out of the 17 test items that asked 
about the stimuli, and they did not ex- 
hibit differential conditioning (block six 
scores = -0.05%, significantly poorer than 
the 14 control participants in Fig. 3D; P < 
0.05). This finding strengthens the notion 
that awareness is a prerequisite for success- 
ful trace conditioning. 

Implications. The results appear to re- 
solve the puzzle of why trace conditioning 
depends on the integrity of the hippocam- 
pus. Like other tasks of declarative mem- 
ory that are impaired after hippocampal 
lesions, trace conditioning requires the ac- 
quisition and retention of conscious 
knowledge across a considerable titne span 
(in this case, the 30-min conditioning ses- 

sion). Specifically, individuals must ac- 
quire and retain knowledge of the task 
structure if conditioning is to be success- 
ful. In earlier work, the l~rnited ability that 
amnesic patients had for acquiring tasks of 
declarative memory correlated with their 
ability to verbalize the principles underly- 
ing the tasks (23) .  Trace conditioning may 
require declarative knowledge because the 
trace interval between the CS and the US 
tnakes it difficult to process the CS-US 
relationsh~p In an automatic, reflexive way. 
This tnore complex condition likely requires 
the neocortex to represent the tetnporal re- 
lationships between the stimuli (24) and 
would require the hippocampus and related 

structures to work conjointly with the neo- 
cortex to establish a usable representation 
that can persist as metnory. 

Trace conditioning is dependent on 
the cerebellu~n as well as the hippocatnpus 
(25). Thus, even though trace condition- 
ing differs from delay conditioning in its 
requirement for declarative memory, it re- 
sembles delay conditioning in that a 
nondeclarative learning circuit in the cer- 
ebellum is required for the generation of 
the conditioned response. Thus, in the 
case of trace conditioning, it appears that 
a representation of the CS-US relation- 
ship, dependent on the hippocampus and 
neocortex, can then be used by the cere- 

cs- L 
1 2 5 0 + n  
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100 
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-10 

Blocks of 20 Trials Blocks of 20 Trials 

Fig. 3. Performance during classical conditioning of the eye-blink response by amnesic patients (AMN) 
and four groups of normal volunteers. The data are presented as the percentage of differential condi- 
tioned eye-blink responses for each block of 20 trials (percentage of CRs to the CS+ minus percentage 
of CRs to the CS-). Each 20-trial block included 10 CS+ trials in which a tone (or white noise) occurred 
together with an air puff to the eye (US) and 10 C S  trials in which white noise (or a tone) occurred but 
the US did not. The temporal relationship between the CS+ and the US is shown at the top of each 
panel. The pariicipants in each condition were classified as aware or unaware according to their 
performance on a 17-item, true or false test that asked about the relationship between the CS+, the 
CS-, and the US. Paliicipants scoring >2 SD above the chance score of 8.5 correct (that is, 13 correct) 
were considered aware. Only the aware groups and not the A M N  group or the unaware groups acquired 
differential trace conditioning (C and D). A the groups acquired delay conditioning (A and B), and, unlike 
trace conditioning, awareness was not a factor in the learning of differential delay conditioning. The 
SEMs ranged from 0.03 to 0.08. (A) 4, aware (n = 3); a, unaware (n = 9). (B) W, aware (n = 7); 0,  
unaware (n = 3); 0, A M N  (n = 4). (C) W, 'aware (n = 5); a, unaware (n = 7). (D) W, aware (n = 7); a, 
unaware (n = 7); 0, A M N  (n = 4). 
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bellum to support conditioning. Task 
awareness may develop whenever the hip
pocampus and neocortex are engaged dur
ing learning. 

The concept of conscious knowledge is 
not readily applied to experimental animals. 
Nevertheless, an implication of the present 
findings is that learning and memory tasks, 
including trace conditioning, which are 
failed by animals with hippocampal lesions, 
are tasks about which intact animals must 
acquire declarative knowledge. Characteris
tics that have been helpful in extending the 
concept of declarative memory to nonhu-
man animals include its flexibility and the 
ability to use it inferentially in novel situa
tions (26). The conjoint operation of the 
hippocampal system and the neocortex may 
be the critical element that confers aware
ness about knowledge that has been ac
quired (27, 28). 

The finding that trace conditioning re
quires subjects to become aware of the tem
poral relationships among the stimuli ex
plains why trace conditioning is declarative 
and hippocampus dependent, and it brings 
classical conditioning, the best studied of all 
learning paradigms, into register with cur
rent understanding of the memory systems 
of the brain. 
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