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Snewenacaly miated KIUCTEG & duamatal fov 8 3900 A Lk of menmey bere lermod dacarave
Peveavy Qhanlar Wi echade cxphcl and mlacias) Dreclaritive momory & costrasied with ¢
beicmpenoom collection of maeclaratnt (oo Semory sbinies that G0 ot rEgues T

ry and the Hippocampus: A Synthesis From Findings N

In 7om ot pears 3 consensvs Bt Seoa developing aboet the
role of 4 mamean tippocasspal bemation is learmemg 234
meee x The iea that Ghe Sippocampes o ismportact v man-
ory | oot s inclf new What @ sow is that this iea it now
s onwd by direct and compelling evideace fir each of the
T e species Ghat has bees important 00 Bis wodk: zx2, mon

T asd bumars. In sddison, there hive boen major gans i
(sdeniandicg caactly how ihe Sippocarepal fxvmaten @ -
wived | menery

Not 00 many yoan sgo, when B Wi of memary and
hippocampes was duscumed (4 D cocten! of rescarch oa b

. mans and noabuman poesaces, the terre Abpoczimpur coald be
Tned only seatasvely Elegant oeusoprychologacal stedies of the
© moted wmosse patiest M. ML (Scoville & Milser, 1957) 3ag

il
|
|
|

dial ceenpral kobe is & large region that lackodes Be hppocars-
reason %0 bellove thas e posierior mpect of B lethos was
= expecially oridcal, thae' i e hippocampus asd usdertying
coruen (Sooville & Mnes, 1937), pevcisaly what darmage wihin

Thia ccseacs win svpguiniod by (he Modical Rastand Service of the
Deparine of Veternzs A, Natwna? dastiuse of Mesiad Hnadty
Gonst MICUN0, the Oflir of Noval Taviarch, sod the McKaught
Fronlsion. 1 thaak Supbos Koy, Stuart Zols-Mosgas, Prast
Mabr. sad Goil Musen for el heipfisl commeants 09 carer vortkom

of i arucie.

Comvipamiesce tootersing (b aride shondd be 3ddmend %
Larry K. Squim, Veurans Afsies Modicd Conser, 1150 La Jolis Vil
age Db, Sam Diopa, Cathornta 92561,

b3

the medial temponyl lobe was respassible for FL M amnesie
s i kaows,

In 132 rat, which has been the most costemoaly Wead experi-
mestal ananal Re stwecbehavioral studies, it was clear 1hat (he
Mopocemmput proper was dmportant o some femtion, e
0r 8 » stiective way Howewes, casl recoodly thers Sas bevo
conpdenablc waceranry aboet which TAsks are (e appvegraaie
o3 §or demacting deheviornl deficits and, sboat bow %0 izser-
poes the deficits, -

The prarpone of this artcie @ threckid, First, 1ocees evidence
B memmarined, which boiags 10 & bigh lovel of certainty the
oeciuron hat the Sippocanpa el b tmpartant & meo-
ory it bamans and noslmiman primeies. ladead, there & sow
1000 CoreRpommitnie amosg the Asdmg for all e commcndy
udind mamealan pecion. NThormone, he reoel evidence
sagaran that, ia 33400 10 De hppocanpes proper, cortan
adacest ad aemtoezicelly relsted cormcal structores i the e
mmmm-&mmup
hppocampal coex) also perticipas: i memory foscuiont
The compoaents of Be medal wrmpons) de mesary syswen
s 20w be identilod i heoad owline, c '

Socoad, the wiea is dewrlopad that B role of the Mppocsar

e indhade exphial 3ad wiananc memany) The Srevagge-
Gt Lhat the Sippocamged « Lewoivad iz sty o0 bead of e o
ory waa Sowifoped by Hinh $934) ca the bushs of studie: of
s Alint MppOCITEAl fencTon were wno petsenied thit (ot
Lained the dea s only 2 pariiadar kind of memory is depes-
cere 00 e hippocaepes Galag, 1974; OXeefs & Nadel
1978, O, mgw:mmw
crable evidence ¢ UM sden 1hat cely one kisd of memory o



196 =

. Aol By Nippocamps) damage accumeileted in derronitis:

\ /

‘ -——

rv-"“

—

OON O eNSrely VLAY A5 M g 3] MAmOry aln Irsed 1o paiesds
who were Siherwins seworely amacsd (Coben, 1984, Squire,
1942, mwwm-mmwbm.
sisgle ey Indeed. in (ke Wiacece of the hppocampen, scv-
T P
ing e harneng o skills and habets, simnple
the pheodreenon o sanisg

Third, e sics @ devaiopod that De role of e ippocampas
in memiry 0 lime limited. Amaczc patiosss, inieding pa-
Gerts with coshirmed Nippocampal damage, bive oty
secallieg e recead past but can mecall pemede events & well 24
sormal subyects (MacK innos & Squire, 1999, Squice, Main &
Rimanan, [119) Recerdy, (be sigaifcance of thia obarrva-
S0 Mg decn dinrrenuiad by 3 prospective 1udy of murograde
Arsoesis is e ooakey (Lola-Morgan & Squis, 19900, The
Eadiap indacae thae 13 oole of e hppuocaspal frrzation in
IEEIBOCY Orage W Oaly Meengevary Nemocy i gracaally roce-

identification of the Compocents of the Medlal
Temporal Lobe Memecy Syssem

Indorrzation abost Which struchuses and cosnections are im-
poetant fov mewsecy (od that whes damaged peodace amnesa)
Comes froee Diree sourcer wadies of nrumioghcal patiens with
work w2k 28 3simal mede of bumas amoeis is G moatex
g sradies of e efiects of sedective lesscas (e s

Cognitne staticsof memacy inepainne et have provided valo-
sblc iorT2ation ahoat the vgaent sl of memory faactions
(Naddeley, 1992; Cormale, 1982, Milocr, 1972; Schacur, 1905
Squire, 1956; Weshmane, 1987) The most informathve sases
v been Done where the amaesls 000w agaisst & back-
Prtesd of sonmal ineclioctiad Nuaothon and istact irscoodiass
memary The hallmark of he diserder is profousd forpesial-
oz for new Dol (aeroprade smsexia) and some boss of
previously soqueed isformation fetograde aenesa). Ustd co-
Centy comparataely Gthe was kinown alut what scuropatho-
bogroal changes 1o B madial teaporal kabe 2ad acoerond 8 the
Paticsts Seizg eatied Several engle<case wndies smeind
memary Inpaineeet 0 hppocampal damage (Cumsings,
Tombws, Reed, & Beracn, 1964; Dejoag, labasi, & Olwos,
1968, Duyclorerss ot 2l 1905 Viowe, Angevine, Mascad, &
Fiaber, 1941), bur 1he assessment of semory fencionm i hese
Cases was often infemal or mcomplers, I addiion, Be dus-
242 wai Ofiee sct smtngind 1o e

o 1de pcvplale, the panabippocanpal pyrus, and ather
T —

The Sncings hom & carefisly stodiod mizgle case have placed
the maner oa frmer pround. Patlest R, B bockene amsesic is
1979 & e age of 52 s D vowlt of 40 ocbesnic cvent that

curimd faliowiag 0p0a- beart sargery (Zoks-Morgas, Squlr, &

LARKY R SQuUmRE

e
L W .
Al 1586 Bohomis (X5C) refers 10 3 coMditicn Surm
which the Nood wpply % the benan iy inonlBceie, Is R, B)
cxe, 3 tmae ocoarned in the riars of (he Beart. K. B sarvived
o0 3 year afir e ischemic evaat, during which Ume Si cog-
AR fanli 0 were repeazedly evabeaind sed b mermary v,y
pairmest wi documond. The anly cogritive defick Tt was

oolod was severe memvicy srpakmoent. Eiienisg-
008 of R B3 bran afier buis deat in 198 pevealed 2 Jesios (s
ihe CAS m«qﬁ'ﬁ
L Lo en v atoad i (4 e
e e T e v

ondy feding that could reasceabily be

Cane Dut shireed (hat Cammage limsed ¥ the homoarpea i
seficrnt 13 canc eanly detectable and climecally sigacan
STy rrgETTICTS
bippocampea (Victor & Apassasalis, 1990
The CAl reges of D Mspocerspes i wadzerabia
% nhons danege. Thon, gotal ichamia i e ol abse pro-
duces selective acaronal loss 18 the CAl region logether with
memary Enpaomen (Auer, Jeasen, & Whishaw 1965 Deeis &
Volpe, 1 9500 Also, s distumand bizor, blaseral CAJ dassage sad
roenocy ETpasmeas can be fousd afier global ischerria iz the
moskey (Zola-Mergas & Squire, [990u; Zola-Morgan ot al, is
peesth The Sading from R R, asd the observed effoces of
wu—u-mmummﬁtw»
Sence 1hat the hppocemes proper i casracial or eammaling
Meteicy The wme coockeion & sow siroagly supporiad by
Ending of memary Irepusrieee! @ rats followiag teegical dam-
3¢ Nmbd 10 De Mppocarpu when appropetacs taks we
wed (Barves, (984, Eichesbaam, Mathewy, & Cohes, 1999,
Oltoo et al, 197%; Satheriand & Rudy 1999). The Sodings wih
ratx arc dincwcsd moee fally i3 ¢ Beter soction, »
Adériozal cosfemanion for Te idea that e buman Migpo
CAmpw s looporiest Sor memory has come froon recest i
Provements m rraga>etc resonsece (MR) iraging, which ke
# powsbic % cbealn assvaicel informrica (a Iiag patess
(Flgs [} A high resclation protocol Sor imaging besan bio-
POCRmpUs wis Soveiopod D pevinss visealirdtea of e -
pocampal brmation i considerable dets! (Press, Amand, &
Squaire, 1589) Uking this pectacal, abeormsal es ba O higpo-
CAMQw were Gemcratrated @ 4 palens with cirtacocrbed
memory irmpalrment Squise, Amarsl & Press, 1990), Spocit-
caliy i3 the panients, the mgioe of Qe Sippocampus kel eed as
e bmbria. deotate pyres, bippocampus peager, and subecs-
ham) appeacnd madadly dvsciee snd asophic 13 % of sonmal
sizg). la conarant, the wrea of e lemporal lobe exchading e
blppocimpal region was sormal, Thes, the MR tochaioue has
boes shie 1o provide dmct vissal evidence of Nppocanpd
QRITIET IS PATMHALS WL B schecie memocy Enceder
Oumbm-u_hﬂupdut.lut
4 other amnesht patiests stodied with MR imagiag were
peverely memory impared 2 the wallshadiod sergicnl patiest
H. M. Scovilie & Miner, |957). This observation sagpests that
S .
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Fipwe ! Top left paset Soction towegh e Siopmiamons of o sormal mbjers. Topwight pasct Soction

Lraegh D b opumcarpes of sxacsic petsent B L oway

W e CA2 repete. Botion kefl paset

Magoctx resoazace wcad of 3 sarmal sediect Coaobeton = 425 ned. Sonrk aanoewcel framrns of 15
N arpel frmaton can be dmagaadad Bothnn (@il panet Magnetx rmceance sca of amsesc
paciene W IL wsing the svme protoosl. The hippocampel Remasion & makadly reduind in sise. The
Calvates DA 0 B 1t regeraest S cm i | e wortreents (Mo " Memary: Ovgaazatios of Tvae
Tyviams and Copnition™ by L. I Squise, £ ZolaMorgea, C B Caes, F Haot, B Masen. sad W Suseki,
LU0, Colt Spring Nardww Syewgushem on Quintiiatve Sology 33, p 1062 Copyright 1990 by Cald Sgwing

HaMir Laborwiory Repootad by peredacons )

become possbie 13 confire this iea Girectly usiag an animal
Dodel of bomas arentss in the mookey

Memory lmpatrment in Noshwmen Prisastes

In I5TE & was reponiad that & large medial semnpora) Jote
s in ononkeys, which wa Sstendad %0 sissic the sorpscal
leside seataiood by paticst H. M, canad srvemm memory -
pairment (Mishkin, 1975} The lesion indluded he smypiiala
the Mippocampes (ncadleg e Geotade pyrun and wbsculzord,
a3nd ssrvowndiog cortieal sepions fe HA® ledon, Figum 7).
AZhiugh moee work wia noaded Scloos the impalrmest was
well Giderstood (Makst & Moss, 1904 Mishics, Spicgler,
Ssandery, & Malamez, 1952; Squiee & Zola Morgan, 198): foc
POCCEt rewipes, 0 Squet & Zola Morgas, 1991 ZalxMorgan
& Souire, 19900, Mishkiah 1978 peblication was the S5t i 4
stw ert of rescarch oo the anacomy of memery and is i
sexse £ sgaaled the secomdd desslopencst of as asiceal
el of S420a0 AMOGsa 18 1he poedumss pronate (Tadds 1)
THe HOA™ Jesion was wied froguestly in ety work 00 the and
il model of bumts amacsia. However, 1he offects of more
lizised bewioza iovodving the Rippocampal Remation were also
of izterest, prionarily becauss of te sardy sagpestion (Scovidle
& Milaer 1557) thas damage 10 10¢ beppocienpel region mught
b especially importast in uedersianding patient M, M3 am
hesia. A Jesicn of Be bippocarepel formution iserdiaarily pro-

Sacod Uy s diect warpecal appeoach Lhroegh he veotrs! serface
ol the Srwn Thal Larzagn the hppocanmpus propes, 'he destxe
grrus, e sebsoular compica, togrher with e undertying cor-
Sox thot u secesanly reonoved o erder %0 reach the hippocan-
Pon, e s, O posterior entorkical cones aad mach of the
pararpoocarspsl prron Tha moce restsictnd lewon hn Yom
wrmed H*, where N refecs 10 the Mppocampes and + 10 the
wodafyag cortex hae Plgsoe 1) 2

Monhoys wah the H' lesion are | 08 & wariery of
mmlmm&mfﬁl Meea, Ma-
t, & Zole-Mocgan, 1941 Zoba Mocgan & Scuice, 1985 Zola-
Mocpe, Sqaee, & Amaral, 19950 thas are abo Blod by b
man ampeus pasents (Soulee, ZolaMaorgan, & Chen, | 555, we
Tad3e 7). THe nasis msad jo demonntraie memcry imeparssosl
Ichade niestroe of cary obgoct dcrisminations, oight-pair con-
ourreel doerizuissson kearzisg, and delnped resposss wel do-
Lays t=ind ap w0 30 5 (Zole-Morpan & Souien, | 99080 B is usefel
10 CToPAIEOC th sapie Oty i-Gan rimation ashy and con-
Cureeas ol discnimimation Sl which saguire several ob-
JOST pirs 30 be learaad sopether, are xmong e taks seastive
10 H' lesoon. Siogle object-dacrimination tasks are ones T
prescat 13 D anenal two cually dissnguitable obyjects, A
chokcn of the uxrt'!ot,eubmﬂd asd e ngecace 0
epesiad wntil aziniak choons (he rewanded object consctently
G0 10 10 wiak &r sormoal moakeyd. Cootwerest disorianns
D03tk 2w oees 1 Whick dfferent pasrs of objectrase pre

%,
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sesled socooutively (og., ight pein of objects, five imes cach Peo-choice teat (the origisal object 30 a sew cnd and reward-
deriag 40 dally winy. Traming coatiowns undil aninals choose 168 8 Bokr of the sow objoct. New pairs of chjocts are wsnd o8
consiscndy the rewardad object of sah paic (veveral hundred each pacoesding tnal

s o ool mcnkeyd. [0 costw! 1o thoes tagks, the Jears- Monkey with 1™ Wsions are inpaxed oz delayed bos eeatch- !
ing of pantern dlscrimination taks 2ad karsing of the 24-r g 10 sapbe (Flgure 3] s well 3z on O oter lasks merticned
concurTene disoriniestion ik (Malssws, Saunders, & M. aﬁgmipdhhuqhm
kiz, 1984) are son affecend by evea Rarger removals within the 500 of v sengde clyect 304 e choice i short 304 # beoorses
wodal werporad lode (br disosssiont of this difteesce, soc Potrer a8 Be delay inoreases Overmas, Orzudy & Mishkin,
m%umammmam 1959). The scors of both normal aad apessied anisals are
paa, 198)) s that rooiorys wed M Jegi e Jower whes mosheys e taised and teniad pestoperativily
mw-wmm MW&M:’QW&M
mn, & : 1984). The 1904 ZolaMerpas, Squlre, & Ameral, 19894 thas whan mon.
significence of thin Sadiag is Geveiopod later in Dhe articie. keys are bt tralned pesoperatively and thes #s3ed postepers-
The most widely wed task semctove 10 1® Jesioes has bean tvely (Mistkia, 15T5) Abio, She magninade of The defein, that
deluyod novmucchieg 1 saczple. This Wk sequices 30 animad It, the Afrngoe betwors the soores cttaised by sormsd and
> re=semiber @ tingde visual Gbioct acroet 4 delay (ap w0 [0 miy) Cperand asimaly, appears memencally boger waer txmag
224 then 10 demonstane ICopNG of the OBHCT M the sod of 254 wsling 2re dooe postoperatively 11 comparnd Wil prager.
D¢ Selay Rocognison 5 16188 by preseseing the asirsal wih 3 Mivety However, dgnaldesoction analyshs sag gots (hat the et
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Dassiirmme Aebivrie
Socsw owt of Cad of memary (Secluasaw) mmamlmu
Mdﬁ:d D&-‘d.t’.t oo & Squm, ke
Tk ey «
Md-qhod-—ﬁ-hn Mabkia, 1978, Zale-Morgas & Son 05, 1%
Voot and easent of camuage

Memory b lmparnt when e sender of secssd Tote-Morgzn & Squies, 1983
Dt iiom cuscertamns ihe Mapaisment  ZalaMorpie & Souie, 1953
Mewany vepuereest 4 ottty peacral A Mishice, th8e

Mamory weparoest cas be eodarng & Squie, 1913
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aumummmmmlmm
AT riring IRVves pooioperatae pesormance of both

Kt the relearning of tve task s the ability 16 resmemrber b
obyects heroms & Selax

Amsen: satuets Maskers with M'A* lgionn
Tem R | 2T e Aolexece
re . A
Resesvoe of byt . Squre, Zole Morgea, & Owa, 1981 - Tols Motpan & Sqobe, 1995
§eir coacurma: Gurminesoy . Mutd’.'t“’tm&_ - Tola-Morgen & Squer, 1595
Otomt rrewd smocutee * Sowee ot al, 1904 + Pilion A Mshlin, 1994
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§ | “Testricied madsly 16 the CAJ ek of the hippocampes sad ©
gl muhuummﬁq
oocesional bmalogical damage could be derecsad i oder

It 2as also Beest pomsible % compior monkeys with 1SC Je-
haes 1o moekeys with erlective bewioat of The M
Mm‘gnm*wmw
y MX imagiag 3he H lesicnl. The 1 e damaged e hip-

cersex (Adarea-Raya, Clower, Zola-Morgas, & Sqeire,
Zoka Macgan, & Squiom, 1991).

Perfrmasce was Meted spproeimacty | m*—vq%m»u-.m w2

i
;
g
i1
A
i

show that Qe locesite Aanags 10 Ihe hopocanpen i sul.
B30 frdecs deiactatie memon impeirtest s moskeys,
M a8 W ons in bumuos (petient K. B).

I h-t-dzlubuhui-'wuuduh‘q
scme sdd tosal s berac damage alinting memary Aunctives
dhmh.ﬁlluﬂﬂﬁhmmd&
sectad i Msdslogxcal aralysi. The resuds with ischermic moo-
hm‘n-ﬂtummi‘-bnumm
call f ugnicant sddions damage Mad occarnd in De [SC
oakeys i areas imporsas Gy

eAnrise.
~sage

i ben

b memary hﬁ_&hm
it the I lawom isell oo L A
Although the H" lesion prodiless 3 comiderabic degres of
DMy impairncn, D bewed of the defoils vamiitakadly
Ereater afier & lacper Slseral madiad vemponl Jode ressoval
mM°ugmam7maMms;
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Sdte Moee Severe MHemOry tmpairment than M esaes (Figure
J) implics that some of the damags peoduced by v A" Jeo
son, whvich s not dachuded in the 1T lason, ae mporians foe
eaereocy (unciions. Herein 145 De erplasation ke wiy I M. 2
more armsessd than Other amecst siody paticats, inciadiag
RE MM sustaired an A" lowcn, 5o R R secaned »
leson wawoiving caly 2 portion of e Nopocumpe.
which sirectares are dumaged i the HPA" lesion bat oot in the
H" lesica. The earty evidence os this potat somned 19 POl W0
e soypdals (MiEhloa, 1978 Mumy & Mishhia, 1985
Sauncery, Mesrax A Mishkin, 1954 Howeser, all Sheae cacty
stedies were basad 00 serpcal poope lo which the amypdala
wit semsoved together with undodying cones. Al The same
uine, the Cysarchitecionics and conmect ivicy of U vaderlyicg
Goervn were Incosspintely undentond, sed these was ke b
for suppoting Dat it hould coalridate 15 mamary fusction.
The usdedtyieg coclex was caly lacdentally lavolved in these
wargical procederss, not 3 target of stedy

An sy e thas the wnderfrang cones rmught play 2 role i
memory Ghone from bebevioral studics of moakrys @ which
asteroventrsd termporal coctex was soveribly cosled (Merel &
Prtko, 1962). Whea sungicad lesbons of O aoee were prodaced,
the most afecsed animal Mg & Msioe (hal isvobved perickinal
cores (Herel, Pyvhe-Jowser, Vortha, & Sahibrery 1967). The pos-
aitiley of stadying this cortical sagion impeoved cossideredly
when the serrRory of the perirvisal cormen was defesed by mod-
B sercankomical methods, and 23 cosooctivity with the
Migpocanpal formation was eatablisded (1oasas, Amanl, &
MIMWWOW.QMMDN
10¢ 1R of tha Egce aareat | gedtn 10 Lhe hppocampas
00 Goptne £yres. The inngurtanl sewer Sading wan Qiat the

e thindy of the &”ﬂ
raload and parahippocampal cortax s thereloe

et e Npomsamonl fornataon. e
With (hese anstorical facts i reind, we recxamined a grow
of H'A® monkeys (Zola-Mocgas, Squire, & Mishikis, 1982) that
had beco porpased wuh the smandard sergical epproach © the
somplala, Sebetantial damage 00 perirhinal cortex bad oo
Cerved in AN Lhe aacrsals Gee Zole-Morgan, Squre, Asaval, &
Suruki, 1989). On the Sasts of thus chsanamion, K seems plassi-
ble Tat damage 3o perirbiiaal cone adeceet 1 the asrypdals
would dno Rave ocosrond Garing (be semiles sargical appesach
el %0 (ke mvoee beviod lemcms disecsed 12 (e amrypdals
el o¢ Be anypdiiofogal paiwary (Rachevalier, Ssenders, &

Mizhiis, 1985 Mishkin, 1977) i fhort, it sppenn Bt the -

Irsions In the sarteer imadies el were inteadad o o3t @ role

of O ammypiaia had dassaged coriex is addinen 10 e amyp

dala tharca sasecical grooads might be expectad 50 have &
role in momery fusction.

B then Decaroe (mpOriant 10 SeMrmine cxperamestally the
Mparae coatribwtions W meniy mokrracs! of amrypdals
Garvuge eed dartage 1o usderlyng coner To evalasee the of.
focr of amnyptials deemuge waelf oo memery we dovloped 2
darragoed virtuadly all 2 cormposents of 1he arypdaknd com-

21
MHMMW“AMM-‘&

g, Squre, & Amand, | SEP. I cootrast, monkeys with H* o
10A" Jonkons wary impared on all fonr ek We alo evadested
moakeys who had bulaicral besioat of the higpocimpal Sews-
_on (H) made componntly with cocumacribed Sessons of e
Gbe MOA esioal. The IOA mdekeys wery
aw 08 Ve Sxar ewirery Lashs, Dl their emvpairrn
i 50 preater thas after H' lonoent. Than
dhoog did not impais memony; sor i & cxacerbate the men-
aym.ﬂﬂﬂwumw
Brmacion (Figere 1),
. These hadings sugpemed that more scvere meamory imgai
ment obucrved after FI'A” losions might be attritasable 1o dess-
-uuwwumumm
m-mm-m&umm-.-
Weys were prepared with M Jewocs that were brodght Srward
10 inchade the anterior ertorhimal coomx and svech of the pers
mummmmuummo
Toprodece 4 meach of the HA® lesioe m posaibie bett 1o leve
Be amppdals istact Oa delaped soomuaiching 10 saonple, the
irpaioment amociyed wid ™ uoos was nearty a5 severe a8
Sat bilowiag SPA" lesicns (Figare 1) and signiboantly moee
muummaswam-h-
(Squice & Zola-Morgas, 1991) Then, lemions of B corva
sarrounding the aznpdala, bas pot Jshond of the arovpdals £
wlf, sacerhatad monory tpaineedt is monkeys foliowing
lesioes of the hippocarepal formution. The H* moakeys were
m-w-n'ma.“um
crirsisation learsiag,

The scond st of De ides Ui de cortical regions
SarTousdieg the aerypdals are iraportsst for PEmOry e mo-
tivided by current uadortaading of G anatomical conano-
toma of the Nppocampus and adiacent corves (Figure 2). Ja
partosae, s deacribed ea e perizhinl 4nd perthopocan-
ol cornen are magor rowied by which (sformation @ cactasged
Yetwees the nevooetes aod the Srmasda. Ao
corfiegly moakeys weet prvpamd with blaseral lesoet bivried
%0 the pariinal 0ora 104 parnigoocenpdd grmo (PRIH)
Dt spiend e hppocarpes, the aoyspdada, xod e cotardizal
corter (Zola-Mergan, Squire, Amaral, & Sexuki, 1995), The
whnie matuer uadertying perirenal GONed wad a0 Uaasecied
N 20 EEERE 30 (enowe her cortstal tegeat 10 exdochian cor-

- 23, These moakers were sevescly irnpaired 02 e theee mem-

n&m-’eﬁnmu-“bm*
‘ mmumm In pto
eral, B¢  Sligwing PRPH lesons was siodlar o
thas cbesrved HA® lesioas and 1™ lesiosn. Histologs-
cal analysis thereed That, 2y mtended, daraags Sad ocourTad Bot
ondy ¥ e perictizal 224 parabippocampal corva bt also 0
propecsions 2o the easordinal 0orten Sae otwiolroatal cones,
wporior iemporal Kyres, iasla, 13l cogalate oy

E & enliliely Dt the severe memory defce after osber
nmmcrmmmmm.t
mm-mmummmm
morm coemdiranioe beiwsse pertrhozal cortes doct oo
direct peojectioen 1o (he scomypdals (Azsard, 1917, Vag Hoeses,
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1982} However, here are two dificcltios with (he ddee Dl
damage 0 (hese projocsions contnibused 10 the memory im-
pairmremt. First, remowal of e3¢ amyplale itsel Sad no effect on
memacy Second, quanctative siedies of enctioaal DoAavide
have beos Carried oun wilh e seme opermned Lrowss that were

changes i3 emotosal bebavice a evidesced by an aboarmal
mnm«mmwm
Squire, Abares-Royo, & Clowsr, |991) mozkeys with

FRPH lesions exhidied normad ssotonal Sehavicr, badoed a
dosbie d Mocation e fread. Amoog mx operased grosps, the
growp of moskeys with amppdads dumage eadvdsiod sboor raad
emctons] belupior Ukleas there was abo heppocanipal 2am-

The Andings Sem PRPH lesions and H* losions, takon 0
priber with the findieg of intact memacy afir chipurmscribed
trmyplaly damage, strosgly seggnst that the severr memory &

Ui and adacer ceoa. gx Gaawe-
=t implcation of Dese that the oor

mare than e F' lesios asd also Hom e Aading that the H*
Jesion peoduced & moe sovere Empaiment Bas the H lesion.

entortonal perichisal, asd parshippocampal cortex) pppear 1>

T participate with the hippocsmpus is 2 commson emeey fuse-

——

ton. This idea capluns why semory impeismens cas b in-
crrased by ledoas Lo Frwctures sfiscest © the hippocampus.

UNIMOOAL 0D POLTMION.

LAREY & 30Ut

_ iafh

These conenl srutiuses in (S modial moond e doy s
dwmhm“um
Safal psooation areas (6 MOCHME, and Bese Conaioet
A tecpeocal (Amanal, 1987, Ve NHossen, 19820 The entorki-
nal conex uell (which proyects Sieectly 19 Mppodaempud -
crives Gonct oartical tapet from 3 limacd neeier of cortical
63k The porifnsal and pandippocampel cortices nd 1he
Oher cortxcal segoas thal propet 10 mordizal cartes) rcerve
informaion fram and send nkrmalion 1o & e Moede: c1-
u-dmmggn:a,um-hw

0wy 0 povach of the procetuag CO0e 18 seeorE
bs senniry the Aadings (rom work with moekeys emohs-
2z the importance fx functions of the Mppocamgsl
formacion and the coctes of the medind iempanl
bobe. Other oot work (a moskeys aod bumans o conseen
with 25 proposadl (Friedewe & OGoldmin-fakic, 984
e, Vidood, & Ruichle, in prosx Van Moeses & Dussaso,
Mlmhuwm.&“m
! = eGpeced

a

. & -

prede

Padees, diemutgs 1o e sxoc efferens syviem b he hipmoca-
pal formation, S forain, a0d damage 1 the mare diescepbu-
&wﬂtm&—ﬂh-&ﬂﬂﬂ
e%octs S memery wsing (he 1ame tasks (Aggheton & Mishiin,
IS8 Buchevaior etal, 1985 Zole-Mocgan e1 al, 19893 Thes
latier fadings 33 nat Gosinibe the severty of memory wwgalr
et 18 15y adaodute sernse, bt they make the ImpOrian it
hat the ingwinnest efler forma soction of manmiliacy ruckel
iuio-.i e severe than aftor damage % the Mippocampad
Ancter reghon of (he brain hat when damaged prodeces
ameesia s O modinl thalemes Mad el Sualene letons ie e
Dankey prodece sevtre meansory b&w &
Mishiia 193} 1 ik yet cotrely clear which by
mxnt be Qumaged W Lause erarema (for 3 review we Zolae-Mer.
30 & Squire, is presd. The acmas muost ofies Haknd 10 memory
fonimons wre e madial donsad puclens, The astersor sucious,
the irterog meddlary lamiod, aod (be marzmelicthalumas

ASSOCATIONAL ARERS
FRONTALLOBE @wntn
TEMPOARL LOBE oo
PARITAL LOME =

e

Nwt.}_sn;u“-dncmdum.u.um“
mh‘.u‘ﬁh&t&ﬂdhuﬁm-ﬁmmdw
b—muu-uum-w«-wo-mmm-m
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- Orpasitition of Beuia

vy
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MEMORY AND THE MIPFOCAMPMS "

wact Agghton & Mohkie, 198Y, GalRadioef. Tranel, Van
Moesen, & Bandt, 1990, Squise, Amaral, Zola-Mocgas, Ko
chawky & Press, 1995 Viesoo, Adams, & Colling, 1989, won
Coamon, Hicbel, & Schari, 1983) Most of those thalamic re.
pm\nmumﬁuncnmw
formation of the pendizal cortes. B is wlso enclew 1o whx
eatem Auemcepbalic and medal tcmponl lobe pathalogy = b
mars and moakeys might prodece dfent pacterms of mem.
ary iegermart (for two points of vies see Padin, | 754; Vicior
o al, 1989). Axhough oot would cxpoct that these Lvn 1o
gous make differess conrBetoss 0 normal memory, eatd
regw0os may belomg 10 & lightly Nakad Siactiosal nasem mch
(a1 Sammage 10 3my commponent Caeses rider eslar kinds of

mea@

During e past soveral yoaes, masy possts of 0ostact hawe
developod Detween work with 3t and work with Sursans and
poedrarsan primuaies. [ 10 rag, bippocazgal kuom o kemoes
of evdated structures (Jormit o SHRONIN GOrtes) | moar perioe-

tween 1t mada One cugee Soous of tais work has been 20 chanc-
serize 1he Kind of Marning and memory Ut is imgaired Dae
sext soctior). Ascther foces has been % compare the effects of
Mopocampal losioes with O efecss of kesloss in adjaccsl
SLrSCTeres.

Stodes dirnciad a Dis sccond obyectee have obtained Two
importast fiadings The fimt pertains 1o the modes of the bippo
castput 2ad (he aesypdala (n mamory The second pertaing 10
the pparsie coctribotioen of D Hrehees and coasscoons
witve e hppocampal foenation. Frst. ot least seven exar-
ples cas be identifod where hippocampal levions or besions of
~anatomcally selated swectunes prodace 3a cfoct on memoey

NWMSL-»
dion, Buree emadaes Save fousd 1hal SEGEE D 25rradals levca
0. Jesien of ihe Nooogsmpal systom did nod inorease B
dehoit beyoond Wil was cheerved Sliowing e Sippotamil
slone (Assicroe, Hust, & Rawtion, 1594, Experiment 2,
Fagan, & Ceben, 1984 Sucherland & McDonald,

19901 One impovtane featere of the sodies with s s Dt

Pt astere makes ¢ potdle L) prodaie aaTrpials wih-
oul damaging corucal arcas yerrownd g O Jimppdala.
An apparcnt caccpaon 10 (his patters of fondings & & repent
At comeett ksoes of amypdala and hppocampan srpared
performance o8 & (ash of Ohyicl MOOEEILION, whHENCAS KEarate
ot of LpeocaTipes or arryglaly Bad ) ¢€at, even whes
anizaaks had % retain mirmeation up 4o delnn of 60 » (Aguie-
a, Blindt, & Raelio, 19990 This cask was 2 modifod warsion
of ibe viual delaped socmarhiog Io-smple ek wed with
monkeys. Rats were tewaadad for chocmng the arme of 8 Y muaze
Ut S 8areé vissally from Oe siarting wwm. Mudtgle, remaon.
T —— e N e Y
Mentical 10 the starting arm aad & woond ama Gt diflerod
froen Use starting arm aloag several dimssasoat: Abough cas
maght capoct oo stadax of mockeys (hat peckwmande o0
oeth & tak Boukd be measersdly impaired by bippocampal
lexioes slone (Madert ot al, 1962, Mishida, 1975 Zala-Moopa
ot a1, 1933, rats with hippocampal kemont perfesed this usk
sormaly Becasne hppocanpal kesions alaat & oot disrupt
_ performance oa this sk, & it Sl 10 islerbert D¢ mpair-
mont Bt occurred with larger lesioss. Ome possibilicg whch
hat scaroedy bees cxpiocnd, o M (A8 Gl 3ppeoach some
variants & (he Grlaynd Poamalchiag to-sample task wid 3 4~
forroe strategy (has scobe man prmsates. For cxample, Sutber
uumm;f-dnﬂﬂmkﬂhu'-&
ple be sobwed by two fandamestally difierent sUmegsrs Wl see
e mote 35 Table 2 for the imporsance of strategy diflerences o
jearving).
Lo sty cASe, These 13 po evidence that ampéals Wuoas is rv
|mpaz performance on tacks that are also irepaired by Mopo-
campal lesiozs. The Endings in rats are Sarchoer iz
wth U bandings fom momkoys naaely (M the hippocasepe
ipese L2 particelas o of mes-
oy fepction and | s pot part of e famctional
mhﬂmhhﬂ-ﬂmaﬂmm
e prmypiala i depersast O sther fusctioos, iachadlng the
scquitize <{ somdiscotd fiar sad e cstablishomers of $rc-
Wnﬂ“smbmh
Ly e Gewebogurans of condmceod reioases 1hat are diroaed
soward coadisonsd st (Daviz, 1986 Callas & Haerisca,

Tabile 3 .
mduudkmmanmamnﬁuau
Tk M ogeramore A ypdais FRaforvoce
‘Waerr cuoe . - Swhadahd & McOozald, 19% -
_ Cdow Aowcrammatom . - Facheabaam, & Coven, 1908°
Timiog of cvers . - Cxcna M & 15
Losrnang tan . - - Sededecd, McDossld, HE, & Bty
rrie e e
p R ‘. - Aggowe, Huat, A Rasfion, (90
Rand, A Kaslian, 1599
Neovagarad ahermuses - - A Ofson, 1983° -
Padal e - - Walker, & Otion, S0

Note  Pies g IndCans ERpas e, MRl Men Indcates of leoeirmest.
* These lesaines damagnd B Srmis neher Bhas B hppooamewt itsedl

0)

,ﬁ{

ko,
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1987; Callaghes, Graham, & Holland, 1990, Ketner, i prmaxt  when amnesc patienis apdeasd 16 derform sormaliy 3
LeDvous, 1997; Nachman & Ade, 1 974 Sstheriand & McDoa- could 3¢ immrpreied & evideste that ammesia in 8 ek
a6, 19905 I_is_pessabie. do0, Thet the hu o 3ha2 can be rewersad whes the appropeiate Lasks ars sclocad

( pasc! role ia forming 3R0ciEOnL (Warringos & Weikrzs, 1970 Woakowse, 1971,

umkhgwg_muu_duma&ﬂ- Setrogeenile @ was Coscommmnd thas mosor ity are st coe
tin, 1905 However, whea Mens are Dased on aoypdals  ctample of s broader catepery of shill bearmiog than i intact in
lenoms prepared 19 3 dorc surpcdl spprosch, the coatrtunon  amnmsk pacam (Coses. 1984 Cobes & Sauwre, 198, Squire,
of undrrtyreg corbioal tegoa inchuded i the arypdals lexom 19825 A% the s tame, the swcces: of pertil lalorzation &
neads 10 be cvaleatad, the siane of retrseval in eliciiing mcall ip Amnonc patems Chne
The second mportaat tad seatornically relevant fading ©0 10 S better snderyiood feg., werd slems ke inte. 0¢ ot a3
emerpe froe work wathas s St the Sclclt sssociited | pees v moosdly udied woodd ¥ tarned oot that cely con
: o hmha Lind of iSrectine ywidi sormal pardrmance komphes the
Sureciues aad Mhei o sock st 4 form the Sest word it domes W mindt Geal Squire, &

=1 e yobiculem o Carrasd, 1986, Marris, Schnk,  Maodies, 1584) With cooventional memdiry insiretioes e
Teeedic. & latrwed, 1990). Thame foding are iz aproement 1he $hems 2 3 Con % recall 3 secently pocscated wond), sormal
with the Sndings from moakeys Bt difloroae evels of impais-  subjocts mastais s advartags over anseric patcnss (Ga!
mest cas be prodeced depeading 00 e avtent of damage ot al, 1984, Squize, Wenel, & Shater, 157E). Iogacs performance
within U medial serporal lobe feg. the H' kesion va the H™ - by agoesic paticots on sech taiks, whee indiredt iastnnctions
- esion). As Sesorived carther, ©hc same i also true is busans e ssed, b sow sndentood 3 a3 exxngle of word priziisg,

2. patiest KB v H. M) wad & hargr body of work has acowmelaned with both scemal

. suhjects snd amacsid paiceds @ support of e o D 20
Ww

Muitipie Me=ory Syseeas ¥ e e s e —

- Prowes i wdeasfying the strwtens and coasectnes Dt lMM&MIM
make up the madisd wropana) lobe memary sysieon s boon The emegrnce of the ides that menocy woasists of &leoens
wnmumu—umm nosems (Cohes, 1984 Moscovach, 1962 Schacier 1987;
p-hmmum-.-um Squire, 1912; Tevop, 198%; Shidcnstz, 1987, Wickelgres,
enn was 15e inaight that the hippooampal Bemation b bmposs  1979) wan inflecsced greatly by wodk with swnec pacests. la
et for oaly & partioalsr kind of memery The issplication was  addition, cxperimental work with sormal subjects wad iaDuss.
thet menmory i 09t 3 single entity bet consists of multiple pro- Gl (or sviews, we Jiatzman, 1995 Pobyier, Nadel &
ceuncs o nyvicens, Copmpag evidence shout the scloctive rofe Schacter, 19912 RichardsonrKlawin, & Dioek, 198X). Distize-
L. 1 of the hippocampsl foematon (n memery & now pailibie  Soo betwees kinds of memory can be foend In caflar wrikings
* from Tats, moskeys, xad bussed that reflo S tadtioms of doelopmental pryhology
Iﬂmwmﬂ.d-“mmbh (Brusec, 199%; memory with record aad memecy withoot fec-
\' mmwmuzum.m-—- ord). peycholiogy (Derpson, 191 1; memory aad habid, philo-
| gic paticat H. M. wis reparted 10 be capedile of dapao-day in-  sophy (e, 1945, knowing how and knowing thad, and arsé.
=== poovemest @ 3 kaed-cye covelination skifl, despie haviag 0o dwmammunm
roemanry for the practice sextivas (Meleee, 1967). Nevertheless,  and procedonl).
ralnequest Goounoat of meDecy is gracral ad acoois i m“dmtm“ﬂm“-bu
parsicelar 1eaded 10 52t askde motor dofl learalng aad S0 focur’ ides of malliphe mesvory sysiemd fod saturally 0 2 consden
o8 the usitary satere of e 0est of Bemory AmIesia wascoa- S50 of what kisd of memary depeads oo the kegrity of the
MuﬂmMﬂUMM- brala strecoum, incleding bippoczmpes, that ee desaaged is
eaception thoekd be made for moor sicly sanesia In addiion, 1he ea thae the hippocampas might be
¢ Findingt of eoeapecady pood learsisg by armocsic patients  owsived i cely cot Lied of menary appeand (adependestly
o8 tasks o soguiriag solr siills weos also reponed mazy s the acimd Mentire, 0 the basis of D sslactive affects of
years ago. Specifically peticnts performed wall when the reve- Nmibls Jocdons (Galizs, 1978 Minch, 1974 OKoele & Nadel,
on et rovided parsial isformesioo £, Bagmened sbout 1978 Ohon & al, 1979) The sectiocs that Rllow seggest that
— previowsly presceted phenoms or wonds (Mioer, Corkin, & the Gading Boa dumins and expenmental ascmah, incled-
Teubes, 1S, Warrisgion & Wekdkaerz, 1968, 1970, 1974, nm-‘.ﬂnxmu-hmmu“
197H) However, Shese were b reasons why these yeports, and tbth‘d-auyﬁ“nula&nmm
oters thae Sllowed, &4 oot Jead 10 e iden of foultiple meme  sampen a0 mbued strocharss.
ory yvsma. Fina, altbough the perfrmaace of umaesic pa- This hind of memory has boea iermed dogipmiiee (Cobes &
Ueals was soemetions g0ood, or at least etter thas might bave  Squire, | 5900 bn e sonss that oog o oz 10 oxod o< doctare
Beesn eapeciod, & was often below normal levels Accosdingly  the coatestof U kind of (o Fm earticr w3¢ 10 paychod-
1he dals wive 000 19 3 proportionaly iforpetation, namely  ogx 30 Asdence, e declansive was derved
1hat somme Lasky Ae shmpdy casicr fhan cther taska or prowads  Soen work with bomman scbyocts and has been IBcE W apply
oee sessitive measns of memary N coudd therefore be e “uwmmwmuﬁ
food that cerain Wk soadsions umply krpwove performasce | clarstive memocy soems %0 lmply an ability 0 declere onehy ASY
n“““u“dh“m aowlodge wrbaly Indrod, declaracive memory iodud= mem. |

b 3 7:_',‘: .ﬁ"-ﬂ&"’. .‘.ﬁ..r
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MENDRY AND TIE HIPPFOCAMMLS

acy bor ey, 1patial hiyouts, and other muneri) D o Soclaond
by twinging a remembornd mage 1o mind cuther thas ¥y v

talizieg. The Gificuly is that the lorm deckvaive is ofen
Haked 10 the sotion of conscioss memary [a the soctions That
folvre, e sdea of declratoe Memory i deveioped mooe fully
10 A gt 8o maks contact wilh sodlar ideas Aowt memory
ystems Gtvaved (rofe work with expenimental arsmab. Declar
aove taerndry talso contrasiad with 3 heterogencoa collotae
of nosdechaestive (mplio) memory sbilitis, which aoc ca-
poeused cady througt performance sl which o independea:
of 1 strucsarcs damagod in amaesia (Figure 51

A% Mdional polst abowtl the torm declantive metadry
reaght be usefl @ this ponctams. Maxy ierma bave bees wsed o
Gepcrive 2 particelar Kind of memory ¢, declancaine, explcs,
wlancns o contnun’), aod mavy olher 3rins hawe ako beva
wod 1 descride = kind or Kinds) that ase

Bind dvpliclt, or

terom AR 008 the peoper comsiders the
varoas Siologcal aod perely prpchological concepes that have
been wend, 2 ls striking thal (hey sort Wensebes Out ia lermdof
Meas Wbout what the Mppocampes docs ad does oot do in the
service of mersory Bt Shosld a0t be serprisiag that these torms
place themacives on eiber side of 2 dologkally mesningld
bowndary The bexn is the machimery thal acooeplishes mem-
mummumuw

mernory bt 50¢ with the kdea that it & cxpocially differest froes
oeer terma. The seore bpovtant poles is Shat the serma explicl
memocry 2ad declanatiee rotomiry, whes ond Coassden the poop
erves thas hawe Boes susociated with each, describe 2 Baologe
cally real componest of menory that depeads oo partoular
Struchures and (OARCTIORS @ the Srase. Accordingly i o 1o be
capociod [hat these Wrmis Rave meach i3 commen with each

205

criver and with e terma relational sad confgaml which come
froms wock with rasx

Recoll, Recognition, and the Keelng of Fomilaricy

mxudm-md-mm
and bow s i best amened? The ancnment of mamary has
cehvnd Taddneally on Two ool fooe rocal and scogndien
In normal sebyocts, both reoell and recagaiion s typacally
accompaned bty 2 sense of furalicsty aboutt Bhe past. Ammacac
pationns perform poodty on sewts of secall sad secogation, sad
ey hawe 8 dimninesbed foeting of fumdl ey as srdectnd a the
low coabdence raliogd u they atiach 1o D m

choices,

a.ugnmmu-«
it Mads %0 U mpectasos that rocall asd soogoation shookd
e proportioamely wowoed |5 amassc paticats and At coo-
Sdence mdpments tntich 2ioesd FwaNISE Ao Do konowl-
edge bacg reporied) thoald be costmetseriis witd the reduced
Jeved of momory performance.

Another point of wiew it that recogallion-memory porkes
oance beasdis aat oaly from De ability %0 jedge comciously
whether & particalar evest has occwrsnd sscently or sot, but et
“’M“WMMO:E

Cusdiner, 1988 Joooky & Dallas, 1581 Jobauton, Dack, & Jo-
cobx 1989; Masdicr 19900 The iden b that tuligects can codl-
sartly dmact the Sacility or Bococy with which they process 3
recestly socosntrend St aem and can then atirbaie the i
commsed Duendy 10 & 1000t ocosrmeace of the e A related
Mea, which dso sepposes Dt ecogaion performance de-
pends peatly 03 BOBIEACI e Provesset, § Ukt EbnncT gt
sommticaes be able %0 discruminats seccessfally Deteaen arw
aed b Gewt 00 3 1ecogalEoa et bt be uzabie o redect Dy

S mmme

Niper ). A memory Wasooen (Dedaiitiv Gy dbado momery S bt aad oveats and depeady
o O LSty of 2 MpPOcampal Ad miated VI sey. Nondeciacatre mermory refirs v o hetevegs
ooons codim tam of 4 edsnit bearmatg ool anmony sald st whior ke manor (hasges bt wdhons aord-
g SiCeta 10 e EXperienct OF cxperiences (har canned (he change. | om "Nesropopchologosl lavesags
soas of Memory snd Amnesint Tiadngs From Homans and Nosdaman Pransten” o 407, by & Tols
Movgan aad L L Squive, 1990, o A. Diamond, The Dvwitpreow and Nowed Bones of Nigher Coguitnr
Fenctions. New Yok New Yrk Adadesey of Scenten. Copyright 1990 by the New York Acadomy of

Soteniet. Ropowand Yy permalasion)
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Jevel of perfocmance |n vartal repons o sxamole, & has deen
sagpeind that amaesic patioats showd b able 1o et suo-
el reoagaiton paformance oo ¢ ocodchoice test bt
woukd thes report thae they arc in fact guesiag (Weiskeantz,
1958). These idess Al bead 90 e pendicrion thae the seiation-
$hp amoeg rrcall, recogiaon, Al onSarace auings for the
recopeition Chowatd ahould be diffcoest in Ambtsh Danests
thaa iz nocmal subpects. 1or caarmple, 10 the cxtost Tl recogai-
ton performasce i dasad 00 percepesal Socecy which b in-
01 i amacsis, rocegeition shoeld de disproportonstely
spaead relative 10 recall bn sddiion, %0 the enient that recogmi-
tion performande is goveread by noscosscious procewses, Then
recogration chowes Shoukd M) be diproportoasicly spered
relac 1o coclidence satngl

To addross Boe fmues, rocall, fortadchoie rmoogakion,
end conbdense razings foc the rocogadion choices were lested
of woveral diflerest retention el (15 3 10 8 wecky) in both

L e 1

Him 1
i E : R v l
i |
i I

edxvsssasnstk

~d¥ysezyzsé

LARRY R SQUIRE

ool wiyerss and aparsc patiencs (Maat, Shuramen, &
Squice, I presll. On o theee waasnies the amadss patiests
porfrmed much worse than the sormal sbiects (Figare 6)
Eoxall ien, and conlidence ntings wiry sismilack-of-
ﬁ%&&“ﬂmd“p
Gents and cortr ol Sepactl werr masched Ghe 1oores of B s
pacients scated fraen 155 30 10 toen atar learning mueched con-
woll soones obtaised from | day 10 1 weeks alley lsarnng), the
freeseoal] oces 334 cosfidence ratings also matchod.

Yhna-hwnauO-nnlf:géﬁéggzhlﬁl
familiarmy 2oz Ugally fnbed fasctons Doy
The orucial Snding wa et dcspie g donl

oY SCOIMAACHMA THIDONY Processes are vl in Reancaa,
the recogadoon padgevns of arracse panents, and ©¢ coal-
dence ratangs aftachad 1o Wese g ats, eI Bo bettesr thaa
woukd havwe Beea prodactad froem We socall scowms. Several other
sidies wih oormaal mabsect have also sagpeaind Dl recogm.

- - -

. wm

o e tm W

e P e
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P W g b -

Flpww & _A: Proc moall, reo-choloe moogsstion, and seeldanos rtings e G mcogaition dowcns for
wroess patmois AMN, sided i@ aad coutral sbpocts (CON, daadiod Haed vt were pee & fornat
20 o Bots aad Tand a2 cach of Be 1adcand rrieation olervah B Whes (h moogaiice soor of (e
) gremeps weve i bt ey sadl o ang e baone dita, Chet sccewn B fooe socall ead for coolbonce riags
¥ho ancdad. Trroe ban repesasat stasdend error of the menn, § = socewdil 8 = miaster b « bowr d =
duyr, w = worka From “On the Rebatondvly Rereres Racall snd Rocogaiion Memery™ by F Hest A 7
Simamen, wad L T Squise, (s pooms, Jownal of Experimenid! Prpnhalegy Lowning, Masory and
Capiion. 18, Figers | apd 1 Cogyvig 1992 by the Americns Prychologionl Adsocsation )




MEMORY AND THE 189P0CAMMS

by IeEsery peed mik Deardi from priming, ENE I, Moog.
won can be ot chanie levels despie Dhe Dt that other infe-
enies of stimeli oa behavior can be devectod (Bomaaso & Sul
lings. 1585 KoassWiken & Tayjocc, 1980, Mander,
Saharmarn, & Van Zasd, 1507 Seamon, Deody & Kaedt 190),
Searnoa, Mamh, & Boody, 1584, Squire, Shumamun, & Gl
1953)

Two pepvioandy publchad mports concloded hat recall can
be dagvopertonmely impaved in amresa (Ting Sobawca,
Phelpa, Riste, & Volpe, 1986 Hiest, Jobason, Pheips. & Volpe,
19450 In theae studics, cocall aod recogadion were commpaced M
oaly 3 Sage potet, and recall sad secogation Soats were given
soguealiily 0 e v sssion Sedir Than W wparate -
wona. Hiowever, we were unabie 1o seplacaie Uhis fnding wsing
1w ame capermereal dexgn (Hant, Shemamura, & Sgure, 1o
presd. The difereat Sadiags 4id pot refloct daffesences in the
soverity Of amacsia. Whide & remaiss sociear what facuors o
scooeot for (e diflerent Eadings, 0o posctdliny s that vacis.
thors in the loows of patholegy ase important, Foe exnsegle,
Gamage © @ frostal lobea could be Cipocted 1o affect recall
mmmmn—qam

W

I semymary & tet of alserative views shout recall and socog-
mthM“Ml{mm
ogation judpmaents or coefdence ratizgs (i 2, foekiogs of fasi)
mnm“ﬂmumu-u
0 aneesis 2. DOSCOMSCIOE MNIOTY Procosics that sely oo
incressed facilfy of perceptnal peocestiag), tThen mvall sooes
hoodd Se dapropotianaiely impaond 12 amacea (elalve W
ﬁ.mmum“m this
effact was ot abeorved. Instcad, :

e S e
Woaumuha“m

agree that recogaitoa memory sood oot bescfit from pesoep-
taal Bueacy (Haymas & Tubvisg, 1999, Watkiss & Gibeon,
1962). Jobauson, Hawley snd kot (1991 ) conchuded Dhat pars
ceptusd Ducocy miy sertelLites Cootnbaie V0 rocignlins per-
focmance bet that ity cootributen o 1mmall whes oaplicnt,
cCOMICIons mersacy & readily svailable Thus o & readwordd
Suanon where materad o ivativly familar (la, moogation
parformance is well above (dasce level) and Oacion time is
uscootroliad, rocogeiton performance raay draw Letle benefit
froes implict @emory

Spatial Aesmory

One view sbout ¢ sclective role of the bippocanpes in
memory, derived spocally Soms stedics of caty, & that it is
lovoived irmemory S spanal leformanion (0 Kook & Nadel,
9T8). Acccnding e this view De b & Wy
INtem Dot 1woees o raatsos sbowd
mdcpendesd) Joacs This view describes the fomctos of the
Aippocampat 190 sarrowtx ARhougs msxy of ©e taks seacs-
v 10 higpocamowl losioss are taks of spatial memory & is
Al Gitae hat brpomcn mpal bacss Lrgas eoosatial meode s
For exarsple, Jeson of hippocamonds of reltod strwhuses -

W7

panr tha abaliny of s 40 beavrm oo Jscrieminations (Exchen-
baoen, Fagan, Mathews, & Coben, | 981), tiening tandts (Mack,
Chunch, & Ohoe, 157841 and conligural discrirminations tha
issolve unigue comPunatomt of sodsory o vasusl st
(Rudy & Setherand, 1997). I mookeys, Jouoes of e Mppo-
Compel RaTme Wi (MCODMLIOn Sutany fa visusd ob-
OO, 1l Olpet-L Lo AN Sasky, and Comturrens-Aa
crummaton learmmg for obpects (Zola-Marpas et al, 19994,
Noee of these ks has as obwioes ipatial COPOOeTE.

These Sadings o e and mockeys are In agroomens with
fndings froen amncse patients with Nppooampal damage
The paticata do kae hear wig and they canat lears o 1.
merdes patial byosts, bat they abio lorget prosc panages,
wmmmumw

. , ' 3

dasrugz, spalaid e mary abd dy SV I Supapartonally in
paired (Packizson, Mersex & Mishiia, 1955). s that stedy
monkeyy with happocarmpal formation icsioss were sasble ¥
s adject-ghace amociations. The impabment waa maach
toore severe thae wis sbserved (o an earlier soady of recagsd-
oo memory fior vaasd obyects (Mishikin, | 975). However, these
two tasks fobpoct-place memory and visssl secogntion em-
oY) Gy Bam cach other ln lmportant ways, Guite apart oz
the Sact 1hat Oone of the 1ashs is spasial and D o0er I act, Tor
example, m (e object-place Lk the Jooation of 20 Chyect mamt
be mcaliod (s B¢ adecoce of cxternal cucs. The moakey i
ooofromed with 1eo idensical obgects, placed o two Sadliar
bocation, amd wpatl amocine The obpect w0 the spatial location
that wan receatly rewarded. By cootrast, @ vissal 0dpoct task it
1tk of recogaition. The monkey is conffosiad with two &
fesvae objects (2 novel cne 3ad 3 fumilisr oog) and st secog-
e which one was receatly proscased. Accordingdx B is poss-
bl e ronkeyy failed the ohject- place task |
more dificll thas roogztoa, 2ol bousmse e
tack roguiem spasal mersary

The sosabiliny tat hppocampad lecons mught imspalr 1pe-
Ual ooy dnpropaloodly mare Das sapatal monory
Dt e teared dormctly 9 aivese: palstets, inchaling pacents
wizth condrmaed darzage 0 the bappocampen (Crve & Squise,
1991). Foureen amaesic pacients inspocted 2o arcay of 16 toy
obpeons fof Senad & Manr, | 551) and wore subsaquently sukad
10 recall the obyects, rocogibe Lheir ahines 08 & medtighe-<hoce
teat, 20d then seooentroct the areay by placiag Be obyocts
their ongieal Jocations. Noruad subjects took Lhe sactet Sests, M
0ot of several Giarent svoeasion intervals (Broes § mis 0 §
weeks W loaciing), 0 that thelr parfarmance 03 The obyect-
memory Loks coukd be ogualod with (hat of @ pathents. The
reacits were that whee performance of (he amoctic paticnts 08
the two oljeciancrmory ot was makchod 1o B objoctae-
mocy porfmance of caetrol sebpocss, spatial memeory perdor-
ance was abo oguivilest for ampesic pathents and concrod
subgocts. That o, the Engee mant is aoutial W PO
Mnﬁm-wmﬂ-‘ oot

mwmmum-&mmn-
with Mppocarmpal lesiomn, wheh howe repociad @t spenal

Yo ¥
pNAN
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wremviey I8 umpairnd (2 3. radal raase perfor masce siing CO0W Nocacae mermorrs de nor reforn AL%e 1asr ol bmaers o
cotd 10d 1hat nompatial memory it usempaired g, dial  sodes, Rappean that, in the sbacnoe of the Mpptamoun, repre-
mate performance wih sievaas vigsal cect in cach sl Foe sentsiond O 2ad bece cxrabithod 19 3hort4erm feemory A
mary year, £ was a0ii bde W @nerpeet tha pacoera of readts @ Serally lost, bacoose daogancaad, or achicve some sbacemyl
Laning a3 mporiant role for the heppmatemires « spatial mem- Gt I (his seeme, # soem reasonabie 1o seppose that the hip
[ . ory functions. Howewes, more rocent stadies of it (Dichen  pocampun i noodod fir memory Fage 10 000er. TeI, coe
Bawrs of o, 1989, Packard, Mind, & Waee, 1 989, Sctherland & oould alyo propone that 21 sole & 30 permit retrieval by estad.
Radx 1989 moakeys (Mihkia o al, 1984; Tals Morgan & Sehing migoodipe 1t D ume of learning itk dotribuad
Squir, 1984), and bursam (Coben & Sqwee, 1980, Schacter,  seocortiodl songe s, Howewer, bocwasc acumsl plastiony
1987, Wiskrants, 1957) with hippocargal besions have led 103 prominest i the hippocasges, in the form of 2 mechasism
differcet imerpeeation; mamely erbrmance i, sparcd oo umdﬂbmammu

ks oot hecanse Ty ae nosapatial but be- (LY, it seems mory ieasonabls 1o vicw the Rippocenpu 2
il o0 5 Ivoader e of  sie that, Sogether with ofher siies, acouslly sto0es 33 £1periencg
seread e olver terins UNE Ao, & pasly retrieval view of hippocampel fenction canes
pefier 90 this Drond chass Inchede Ashis siwpde atsociations sad D conmot becaune chmsic amscdic paiests &0 DX rocover
Irplick memvory). Nocopatil wads that are spased afler bippo- froes Uheis EOETade ANIGa &3 2me panes, even Thoagh sor.
campal louoms mchade freple Wiy tasks, M when ran mally siored memvies 39 decome gradualy idepeadene of
et gradually streagihes 8 stimubs-cewponed RSMCIMAG, B¢ hippocimpen bee sectyr oe g anarl
a0 scene viewa dinci aenatios Sabes where leacrang i £rad- ; LA Y .
that performasnce on both 1pelind asd secagusal ek caz be Confpural Associasions
impaired by hippocampel lesions by proponing U all Sech One view that is sieni lar %0 whal o being peogosad hepe (s that
wsis depend on & particwiar kind of memory (bere termed e Mppocampes & exaratal for meesnory Uacks that regein the

declorating. Thas, e bumess and oshwr development of condparal as opposed 30 BENe AICAtoN
CAmous Is aot factionisg = & particdady spasal way (Surhedand & Fady 1937) Cortain cporations, soch = the cx-
W‘ chazive-OR. cperation, canrsol B¢ aooompiishad by sueagibes.
oy ) X ing o wrakmmusg simple asmocations betwvees shanas and o
- o = spctne theaeeis K dat bocz pooponad that e opniazes) o

The Role of the Hippocampal Formation: wmmmg;b——m
Establishing Cogjoactias wom of this hea is the eport that rats with ppossmpal bekons

Acoatideration of the astomical aad phyuclogical orgars- ootk 60% 15hw 8 Bagatie pattermiag discritsination probies,
' zatios of the hippocarspus wgaesd Bt ¥ fngions & 3 fovice Specifienlly, they &4 nit sarn % Sacrizvisste cormetly in 2
( - betwees cedisanily useliod pvts case wiese sither & lght (1) 00 3 2000 (T) was rewardad, bt the
Cquiee. Dupamics, & Anacal, | 559) Ose punsble sisooative light-s0e compound streades (LT) was warewarded (Rudy 4
\ 7 device i lomgserm potecthation (LIT), 3 npid-deveioping and  Sutbedand, 1509),
_ loaglasting form of sysaptc phutiory (Miiss & Loma, 197 A3 Uhe sedony of s proposal suggested, Dhis ides bas sy
mammmhmxm poists of costact with odr viows (Minh, 1974 Madkn e al,
o comverpent imputs ocowrring seady siewdianeowily aad & 1984; Wickelgren, 19790 Wit these views dhase s 2 Gatios
proviies A MOchanisT by MK commociow cas be femed ton berween 3 srapher Lind of loarming Bl is wodepeadent of
and ssoced. Shesilar proposals identify the bippotampet as (he  (he Ngpommpes and Bat is remminiscent of the aasocisne
sorage 3¢ for & Smple SWmROry & Pemmary dheich, 3 grom lekrming dscsssed by 1l 0942) and Speace (196) and 2 moee
trace, a8 indes, & device for cossirsciing niges confguncions cogoetive kind of learsing of U Kind discusad by Tolmaa
amosg stirsudd, or for coltatiog widely stored pieces of eageri- nmw—ammmmm{
\
Y

 enoe (lialigren, 1954; Mar, 1971; McNacghton & Neded, 1990, configunl Rypodioss & lacompicte in an imporiest respoct.
/ Moscovzh, 1919 Rolis, 1990 Sethartand & Ruodg 1989, Toler The oty is Dan sy tacks adenit 50 more 1han 06e 5o
' & Disceans, 1985) In peydbologiond torms, T Mpgocampas  ogy How docs ooe now when an animal has bearnad by acoeer-
contriveies 0 Be foreiog of new rlsionshion, such 45 those  jog 3 condgural ancciation? One approadh is W dellas covlp
eaiiad whan asociatng vieoadi with Bheir spatisd 00d leen- W a0onting 19 & logical smatysis of tasks A Wk s uisally
| ool context Ghes Pprmscatiag 3 oow epiiode) or thow exteb. wentifed 1 avfipors whea D¢ individeal clomaents of » ek
lishad when asociaing & Dt with U semastic conteat 1 wre cqually ofien relafeoed aad nonrsiafirond eod wae »
which 2 belong ([hen srpresenting & otw 00N0epd uzigee combimstion of yieruli sl heredns B¢ kasad
B s clear thae e Sippocampal formasion gl perform & sobve the problem. Howewes, 30gme tuks thit am mafipard s
critheal fenction ot the tame of learning if Soclarative memocy 8 Ui sease A De Jearmad paccentally by ety with hppotienpd
0 be eomabieted ia an enderiog and wable way In the cascof  Jesions (Oullagher & VioRand, 1 992; Whikiaaw & Tomsic, 19911
nssient amaesd episodes, The avents that ocour deniag the  For cxample, opewiad it seooealiully selosrnad 3 preopera-
penod of amterogradic amoet 30 8 shasguertly majpear s tvely traised problen (bough ot el & soeml MG lovlving
Demery after rocovery Som amnesia. New learmg betomes w0 Sactile sl (A 2ad 1 3ad two olfaceocy stasndi (T and
postidia, bz evenm fom the amanesic epuode do ool exturn. DA These were paired, such thue AC was sowarded, AD wes

X
'




.'. ” MEMOKY AND THE HIPOCAMMLS xn

o wowewarded, BC waa sarcwanded, and BD was rewasdod (Whi.
chae & Tomie, 1991) % may be the cuse thae, rather than beal
o comapmend s1imeli 106 o coed ional relamonstipe ;1
poigue condiperationd of other stml, racs can wmply treat
each stimalas oc stimsades Combunation as & sepuist peodien
e, » Sunact growp of wimad) and soguire mdependest (oo
Saional ottt S cach oo of them,

Refanonal and Flexide Memovy

Owe way in which the origisal notios of declarative memery
uﬂq-ﬂmﬁmdw—n

(Richenbucm of al, 1985} Whereas cosfigural
M&ummmumb
clarstive meswory eotals 3 specile view of This smee (Cobes,
1984; Squire, 1987). By this view, The Mopocampus, and Oa
sysiem 10 which & befongs, s cucntinl for soquiniag isfooma.
Gen shost siatiosskips, combizatioss, and conjuection
arnoeg o, soch 1hat e resaisg ropresentacon it fcuble
and accrmuible L roadliple respoane Sysiems,

Thes kica iy still imnicicntly oemal sod Quantilatve. Mote-
over, i remains diBouk o poadict Selorchand witch memory
wyotem will be cagaged. Humass w09 osrwhclmingly doclars-
v, that i, they ace memartaess 1nd will readily cogags Dippo-
campus- Mpoadens memory Rats will readily sdept & sinaple
amsociasonl sumiegy Thes, i Is diicult 1o kaow when arst, in
e presence of & gt 408 & 100, for example, will sepply form
2 cond thooed rexporne 10 The corgonutd v and when the rat
will form 2 pelational, Sippocsmpes-dependent ooy How-
ever, e Ty ea b that Be two binds of memery one s
Quired, Bave diflerent chancieristicn

13 ooz study ous wikth fraix oot and tham-operatnd cxta
were rxned 0m 8 weres of stmalieous dfaciony decTianas-
. tion problenss (Pichenbaurs of 4l 1955), Overnll, the nms with
i oskoos were impaired 2 soguiring the ducreninstion
prodiersa, bam ol the andonals wore eventually abie fo reack &
Righ Jeved of parformance 08 & east twg pepbicme. Whea two
probierma had boen learned secoeusfelly (bere termead AR and
CON), rats were retrasned 0 parfoen the Two prodicems conour-
reatly Then, doriag costinmed tralsing, occasiosal probe trials
were piven s which e stimsll ware recombiaad (A'D and
C9) Controf tats and formin ms periormad sooilary Swring
the eogular, familior triaks (2% correct v T9.2% conmect.
The cosnl s parfoemmad seadty aa well Suring the probe
trials (Troen 79% 10 S0% correct) as Guring the rapelar triale. By
coctraol, the frnin rais s seversly ingaied (hom 50%
6% cormect duriag the fevt 30 poobe wiakd. Thes, the wooper-
aad anbmals had no &fcolty responding 0 2 sew vtrmules
oorehs nation, Decause ey could make e of the informasion
that had been soguisnd previoesdy sbost the rowasd vadas of the
two chomerrty st cotrprnod each (omeaGon. The rios with
focsix lemom bebaved mxlexitdy i if (he sevombeead stitsedi
conutizeiad Two aew probiema

The same concdason was reachod i 3 &ffcroat study ssvolv-
g mockeys (Sewsdens & Weldoaacr, 1999). Four normad
maskeys asd four saoakeys with bileral fownin lesions, or
combimad kemoms of Bhe Rippocsnpdl formeation, Roaiv, and

mameniilry meciey, ecrived Yy (n frve LRSS WAl they
were Wbk W0 ACoure Cheeth-Olpedt Aol Th Sak in
voived egM dillerent Glpect pavs, whch were comtracied by
pairing Srar et cbyoits a0 varying ther lefl-rght poms
son (AR BA, AC, CA, €O, DC, B0 and BOY. Teo of thesy
29 were ahemyt pecsented togeder for dncrimemation traln
. A food reward was placed beseath cach member of the
coeroct pas. Trmmeng Contiassd oanil 12 the faal ctages any one
of e positive object purs (AB®, BA", or OO, DC™) oo be
dhscriminased from amy of the negatve paies (NC™, CA”, or
B, D). Operated monkeys snd sormal monkeys soguired
e ohject-olpett asiciions in sboct e mume number of
triaht Corroct performance dependad on the monknys having
karsed 1 sspond on The baais of e two objerts in the pair
(e, A was oevec oaly when it was paired wilh B, sot when &
wins paived with O, [ was corvect whee it was pakod with £ not
when it was paised with &)

Afer the obyoct pains had been learned, moskeys were given
& performance soxt designed 40 determine what kind of
edge The monieys had arguined abost the suociation
Mmuﬁmmw-lw-
sagie abjocts cather than 21 paiss. Foe each trial. oae cbjom (A
o D) 'was presensed over the cester fhod well, and two otheny (B
ol C) were povsemied gear the oo most bieral wells, The
moakry wa rewarted if il dhose (rom D teo ataad ohyocn (B
ad ) the onc that had bece pawed wilh e Conner odjeat
Droughost trainiag. Thes, & 4 was prescrted aver (he central
food well, F was the coareat chakos, I D was pemsestad over (he
ccntend food well, Bhen C wnt the 0ormct chosos, Durimg 12
performaace trah, anopented mothkeys performed & abowt
0% coerect, bt the operased monkeys performad M dhasce.
The seselts chow that pormal moakeys had sogeired informa.
100 sbont whech clyacts bad apgwared Wgcther danng bears-
ing, 3od they coudd eagwes this ksowiadge 10 3§ sl shacios,
Ny contrast, the operaiod monkeys tpposend W hive soguised
only condBiosal Msociations sbout e vtommali aad the rewands
waockaied with then, Accort gy they were uaalic 0 cpett
his knowladge ostiade of the comieat in which & was erigizally

These owo stadis provide dixct evidesce for the e
I hpamOes degenrdant and hpoocanparadependent
oemory bave dffoet Charsciersing S 8 corsdarmog of
this same fmue with amsesic patients, se¢ Glishy Schecie, &
Tuvieg, | P84 | 906 Shimanmara & Squice, 1955). The follow
1ag sTthons conmder forter e characoeristics of the kind of
memory hal is isdependent of e bppocampus. O Lapor-
tant fading lo emenpe from his work & that declamsive and
poadeciarstive mermory Dot oaly have different charclierishos
e aho depend on diSorept Beals structuoe.

Noadeclartive (Trpnicy) Memaory

The wrm proceduns! svemary wi trad SSoaslly wed %0 000+
et with declaacive seernory (Wisograd, 1975). Procede)
memory aplly descrives e kaowiedge sogured danag kil
learming, bt £ 0 mot Gear thae Uhes same erma s wetal for e
many cxaspics of learning and memary now known o be inde-
peodest of e Mppocampus. The more noutexl term Asade:
clerairve wies sdmageendy (IGdeced 1) Soscride Ba colice-
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oo of memacy abiles (Sgure & ZelaMorgan, 19828 The
tormm smpdion memocy (Rebar, 1967 Sohacter, 198 7) has 3 siern-
i meaning, Noadeclicatve ey inchades scilid hehaw.
0 o hadis [perceptedmctor, percepoual, and cogaitive
1l semple cosdatioenng (inchading emotonal Marsmgl. 1he
pheromenos of prissing, 308 other IR R0s where e gerience
mmnmumum-«uumd-

. bebuiaol
ton s acqubnd a5 changes within spwoilo Muu-
poese sysiomd, indepeadently of wemiry for the prior en-
oousiens (2al lod 1 dchavioral change.

Dnflerert brais natcrna appesr 20 be isvolved 1o Dese hinds
of learmng, aad o correspondence wind ths idea, ditsocissons
2wy been obtased fllowing b lesions where, for cxampie,
oo Lind of seadedlarstive mersory it iccpaired and asctder ks
lact (Buatiery, Heindel, & Sakmon, 1990 Moladel, Selmon,
Sholes, Walche, & Betieny, 1999, Suiee-Cyx, Tipdor, & Lazg,
IPEE Thompeon, 1986). Bridooce segpests Uhat skill learring
and hadans depend 00 The integraty of the noostriatum (Meladel,
Butiers, & Salmca, 958, Heinde ot al, 1999; Packand et al.
1989, SaletCpr ot al, 1968 Wang, Algeec. & Mishkia, 1990},

Shills and bhalits u-u—*«m»
-dmd*-&u“mm
oy of what Giad of information has becn aoquiced. For cxem.
pha, mocar hlls can De acguited ked taistainod wilhoot -
Jocs Daing wwnre of whist Dhey have learnod 89 do. A2 the sanm
mnhm“umummu

_Sapleitl sttompts 8o rocall o sscogaias pewviously prescntod

\', madmiad) males 3 sdenanal coeideteo W dilled perfor-

mapce. Amnasa peowides & el way 1 caploss this o,
Bacyass whonever declarstive momey contnbetes to perfar
MmAnoe Mt paticats should perdoes lox wad than coetrol
subjocs. Then, 3 Endiog that paticons perform ostimly por-
maly provides partioularly strong svidence tht performance
Gocs ot Sepend madenially 08 decrsinee ooy ,

Soudies of stisesst paticors show that motor shills (Brooks &
Baddciex 1906, perceptac-motor shodls (Nissos & Paliesser,
1987, pertepuad dkills {Coben & Sqube, 1980), and exty-stage
cogoative dolll leaveing (Squwe & Franbech, | 990) can be istacs
18 8008062 and indepeadert. of e beaan s bructures duragad in
amntsia. Ferdbermece, the skills acquind by ameesic peciests
cas reflect highly specific information about the feess that
were cacosctoeed (Mascovitch, Wiaocw, & Melachie [ 984
Musen, Shisnamuna, & Squie, 1990, Figure 7). The solls csa
A0 b Dased o8 soved inforrmation. Foe crxsmple, amaesc go-
mm&nm”-“dﬂlhm
fepealicg scowoeds (Manca & Squire, 1991; Figwe 7).

A Baal example of presrved memary sbility (o amoesc
peticaty, wiich i Miely baand o sl leerning, § e phenome-
200 of alaption lewel effocts kv D¢ perceived bavinss of
weights (Beaieg A Souire, 19890 An mxperiesce lifisg 40
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B

B

Fanting Tow (men
2

11':1«5&."
5 \5‘;

Fowr 7 Sttt loarming by amacsc patients aa measssod bey Im
poomed enfiag Lanit A T4a) agmialin madng sl A vory saa read
eve Lrmes wiowd, folirend Lrazod lascly Yy toed xatags of § sovinsd
wiory I Raating ik by sivvwurds Sabpevts rond eiher s 100-em Tar
of waacee (Pand A) soorvords of 8 200-21um bat i which Svy meewseds
W aegeatad 20 thmes onch (Pamel B AMN = smncsc pasients; CON
= comyol webjocts, Paned A froe “Teeact TeunSgeiils Rendng S3dl o
Anatsls™ by O Musea, A F Shimamen, sod L. R Souies, 1990,
Joueradd of Xopwriowmasd Prychodagy [ aving Mrwory snd Copaeion,
A » 971 Cogryright 1990 by (he Amsericas Prychobogical Asestanon.
Pprasss be ptivamis. Tasl B (vem “Normal Acqatzzen of Nosel
Virked indrmation is Amacds”™ by G Mases and L R, Sauie, 1990,
Jowrnid of Eiguvimenian! Pum hodvgy. Loarming. Mivaory ond Cagrasion,
17 3 1088 Copymighe 1951 by the Assericns Pabfophval Associs-
Son Adagand Yy gevmibnion.

A A

Lrall weghts wiz oow band (alecoced judgracats of 2 secoad
provp of 39 wasghts 20 %0 25 saie dater, wing the other hand,
The mbetsoe was &3 sloag (o acnneic paskonds & I sormal
= spoodlectng thar earlar qapeneadce with the weghss Rocent
wckea-beved offect & based on acqeiving & motor peogram S
Mg, whck s sppropname 10 Dz Ant wet of wrghts bt o ien
Tapatod 10 2 wcond 1t of wrghts, Patiets with Heatisg-
D33 dincaw, wha ae SefCient o moter-shall bearzizg, 43d oot
b i adeptatioodevel. eliogt, but patienss wits Alae
msmmmwmmm
mon, & Betzrs 1991)

Iz coodsssan poimases, medorshill sod porocpand sill




MEMOXY AND THE MrrOCAMPUS L

learmiag 350 000U Acemady despae lrpe Biluers! bewoms
el nchade the hppocanpel formution (ZolsMogpsa &
Squue, 1984) I sddeion, amsocative habwts can be acquind
nacmally Glowiag modial wmponad kb esioas; b csangple.
the T4 coscermemidicrinmination teh (Malarsst o1 o
19540 [n this task, moskey are pocsested cach day with X0
pbyoct pairs, and osc object iz cach parr is advways the cormect
oot Moakeys w6 4ach pair oaly oace each day, ssd aver muany
Says ey Jear s 00 Choost Lt corsect obyect of esch pase. Fiaallx
e rals, performance in (he coosentwonsl radial mase tek wa
waimpaired after fornin letioos when the ssimads had 10 icam
B asocate speciic arms wih sreaad (0 wea sy suaegy)
(Packand o5 al, 1959 By contrin, perfdroance wi inpased
12 Dhe SAME APDMIINS when & win-aball siralegy was soquirnd.
In the win-ahifl Lk, asimals can obtam one soward ia each
st of the mase, and Sicy ars %0 vt cach arm without
mpeasing cuanies to alseady vidksed arms.

Facenn work dhomey that a0t habet e basks thatl are mtact in
saimals wieh dippocamoal letites aee impaired by letioss of
Bie condate sciown (he win-stay task juat descnibed, Packasd
ot al, 1999, e 24 be concurrost task, Waag ez ol 19900 Thes,
& Sffecvet neaval Tysene & neosssy G the arming of these
ks than is secessary R ek of declarative toemery For
caareple, in Lhe moekey inferotemporal noocortex (area TE) i
eaextial for both visual secogaition oemory and B the 240
concurment tak (M ki, 1952, Phillips, Madacrast, Bacheva.
lie, & Mishiia, |955). A3 dbcussed cadlier, recogaition mens-
ory, 1 reavared in e delryad-aorcnatching to-wampic tak, it
depeadent on the Mppocampes and rvlatnd strectons. Recog:
NLhon Moy thias regaires DGl mleroteonpoesd conies oper.
#3401 conoen with D Mppocanpal systess. The 24-be contur-
renf Lash, & Mok of babsl moemnory, roguires Shat iaforotomponal
corten operaie i comcert with the candate auclous.

Especially becaase siills and Sabin can be complex, £ b
m“uwwmmm
 dochamve ey 42 & sebstastinl degree. Stindies of pormal
Sahtcts o et casely settie the moe. Consider, for crungle, e
learning of artifonl grameman by soemal subjects, which &
cosdeced on the coe dand 10 be iIncrnmental, DOACOAGIRONS,
2ad implice: (Reber, 1967, 1976), et whih has alse Seen coo-
uderad © procend by The ngerfect boar ping of partid whstiose
That use eagd il cotaniry Mrslegics ead cxplicit memaory for the
exconplins (Dulasey, Carlson, & Dewry 1984), Rocest wreds
of amncic paticnes have (Dusuaaced D lesus. Amassd pa-
T were able 39-cRassdly aer sinegs acootdiog Lo the rules of
% arvhaid pramenar a5 well 1 contred subjects (Knowiton,
Ramen, & Squiee, in pres). However, the paticats wers (o
paired at recograzing the coemngiiars Dhadt 3ad Deesn uaad 10 Wach
e rubes. Thews rosuks do pot Sepeort madels in whach daatih
Cation pudgmaeats 000w o0dy by disect and esplacn comparizoa
mw’”a (Histeman, 1984, McoClellaad & Rumel-
hare,

The resalts argue fantesd for the partcipation of o lenst teo
MEDOCY TLUTA @ sicatios arsieg coe e 100
e canmnglany That ave presentad 10 the subect, and & secoad
ysteoe alborey S the gradunl developonent of ruls-based bebar.
¥ a8 eacraplan s presentod. The et sysicomn deponds o8 e
Bippocarpes and relstod strectores and poow hdes f)r esemples
manory The wooed syssomn peowedes mave sbatonct informe-

tion, which 0 constrecsed out of the cacmglan, [ keepeng wis
rocene mggertiond that oorten kinds of Jabe learsing ars ion-
palrnd by neosiriacal lsions (Packart e ol 7999, Wang ot 4,
17900, am isderrsling posddnit s of I artr bl grammar Mars
sag = particuler, and dasification and pestatype armisg is
peocral, depend on the neossratens,

Condisioning  The graceal soquistion of dopestiom by
WK ety inbernct wilh the warld Cas abo octer adepen.
deatly of e hippocampal formation. For cxampie, 3mnese
patcnts exhiibicd pood clmucal cond ltomng of the syebdnk
denpate poor atmory for the evonis of O Irainieg seasion
Masm, Ohanson, & Conava, | 959, Weidhrantz & Warnngios,
1979 However, nocmal sobyects have not yot bers semed come
Corroatly 1o thow St conditoning s the patiwoms @ cneely
normmal. The data o cxporiamasal animals e Sovnewhal
Cearer. Rabbets with hipgocampad kessoes showed adrmal ac-
Quistion of the mictiating memsbeane refies (Soleece &
Moare, 1973) In addition, beart-rate cood cadng and dirletal
mcasuoy of conditioned fear cag be acouirod o aniaile with
bppocampal Jeslass (LaDosn, 1957, Powsll & Bechanss,
1980, Rickert, Bemoett, Lane, & French, 1978 Thad the abiliey
¥ biguise many bind of denple conditioned seaction oc-
cun indcpenderely of the bippocampen. However, I mose
complicated condtioning paradigms, & when effecy of
COnlent e Iportan, e hppotampas cas make an o
scatis! contridution % performance (Bosper & Ovz, 198
m&t“ﬁ.l%wﬂtlﬂm
wa, l

Priwing  Prissing cefors 10 1o increasad faciliny for dotecting
of westifying wonds or other stissali 23 8 sosalt of their prior
prosentation (Gead et al, 1984 Shiomammns, 1994; Tubviog &
Schacter, 19900, Priming cas wwvolve e acquasition of mew s
ormatom, 2ot somply Dhe actawion of poves nling L nowindge
primicg cfects for noswords and thut primicg therciore do-
peads on ativation of pecaiating srpossentations KCermak,
Talot, Ohandier, & Wotbarst, 1985 Disooed & Rotie, |984)
Flowreser, o twrw serms Mutly thal The sormal sebyects i these
siadies were able 1o ootperform the paticnts by miyiag oo G0
dlarstive memory strategics. [ 2 stady dosigned 10 reduce e

 posubtal ey of suing Geclaramve TemOry SRS, MBSt P

thomts aahabined Mofly intact pwimng for soowonds (Haiut, M.
sen, & Squire, 1991). Other rocent stadics have reachod & sirei-
lae conchaion, samely that priming offocts caa ocowr for nowel
materiad and hat amaeslc patients exhiblt sch ofocts &
Teadily as norweal subgects. For enaaplie. v mal sdgects and
amsesat paleols eaidded prirtieg of wnfamilur vocal o>
jocns, whick wis isdependent of spcognition-ancmaory perdos-
mance (Schacter, Cooper, & Detaney | 990 Schacuer, Cooper,
Thana, & Robens, 1951) 1o addition, sermil selbjents and
DRt putieets (mapeaved Whee abdity I reprodedce novel line
mﬂmdqm»m.tm
w baving beea posscansd previcordy (Musca & SQuir, in press
Masen & Tostoman, 17900 The severdly smossio patios H. M,
wat aho mponied w0 enlsbit this efloa Gabeeli, Milterg,
Kease, & Cockin, 19900

In amather 3tody aneci pascoty dovcloped 3 normal peeler-
ence for novel malodies thae they had heand, alaugh the pa-
DEDLE ware POor 81 MOOpIRing The mathodies a1 ones Thal had
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been peesomsed Uoheson, Kim, & Riuc, 1985) In sddnion, sach mow taik (Rosdiper, | Y90, anocher pokee of view is that 3
arencsc pate s thowed 13 large & adency as nocmal sabjects farge pamber of cortcal 1yiems are 8 ot inmalved Is pevmiiag.

10 jodge proper sames 3 Gamout, i the s had recoatly wwa‘gﬂ_amm e ol
( been peesented (Squire & McKen, 19921 The leolitmory offecy Tt 6 (eiceplon, ibee prizasg may occw 18 eack

of povee s1wdy wan a3 lage k¢ eoalsmon aames (4. Enia sepanay cortical processag regons Lhat have

Lekowid &8 S famoun zames 22, O Korbed), sagpmating ghed and INM femlin A3 Be i

thiat (e cfioct Gad ot reguae 3 prreaisling represencation. The pomate viswal yyyiern akor, ab mary a1 )0 aeas bave

Arreisk pateney were weeind 3t rocogrenng which sames Boos 1ot bed on 10 basa of fumcien, 00N MTIVEY A0 L
ummammummm sar orpamisation (Felomas & ‘oo Emen, 1991 Kaas, 1959,
effect, criginudly Swdsad 13 normual sebsect (lacolry, Wolcelrys, Zokc| & Shipp, 1765 Prissng may occur in sxy of theae arcas.
AMIMMAMIMBWQQM"- Whio) pemapteal arear and wAsh hemaspdens scppon pess-
uunmmoqweaﬁyuw,m 12g o be eapeced % vary depeadong 0n Ut tack, the simades
tiamds hek ako altery pedpments and poefrences wvolvieg T materialy, and The exlent 1 which oroapetifie o mowe b
same yeoll Sech efiects are abo reminnceat of Samonsire sract peocmasng mechansas At engaged (lor furtber dacus-
cons in pormal sedjects (hat jodpments and peefivonces for sio8 of B dnuacton, 1oe Manciek o al, la prexs).
noved stimaadi can be imBusnced indepeadmily of the sbality Stadoes of normral tadyocts and aoes! MO ow BE
seoogmeas (he wimuli A Dendiar (Bossaso & Salliegs, 1986 pomring s guie sgecifc compared with declarsine oty
KusstWikon & Zxcoe, 1980, Masdler ot al, 1987). Then, priming cffocts are eadily dimninishod by aliering e
Focesl work sgpests Gt ose Wind of primsiag tetat bo irysncal feamarcs of B¢ oragizal deei. Dvclantve memory 8
Soen sormed dlivd Of ApVEEIon prEning) Go0urs 4 Changet I3 moch lesk sensitive 0 e slmilarity betwees e pliysical fea-
mmmq—_g OO, mduﬂﬂumﬁ.ﬁﬂad““
before concaptaal of scmmantic aralyss 6 octand before i Gomomatraed by e fact (Mt priming cffects are dumininbed
3 1he savobremesi of 1he tuppocarmpal foresatoe and the dovciop- by changiag the pyscal fxre of an Sem flor obyects, thangicg
oent of declarative memacy lo repetiSon peizsisg, & stmulas from et W ascher phcoare of the sirve obyect TR, 1974
Pees tramt sismply be detected of ienSod. Comoepteal of se- Picdermas & Coope, 1991, in preax Cove & Squive, In press;
raastie priméng copends oa the- meaniag of the stizmabes (for Jacoibry Malder, & Brooks, 1989] or from a pecsareof as object 1o
sdditiceal discussion of thin Gstioction, see Tubvieg & the peintnd same of B oject [Wekdon & Raadiges, 1987, Wis-
Schacser, 19900, A receet Munctiodal anstoszical study of woed- ﬂamumummumdu
e COPGRTION Pritiirg uiing JORLIOE CnaTon lomgrefdry pemsestatics (Onl, Shimanun, & Squire, 1585 dhanging
(PET) prowidnd duect evidence §x v reinasce of posieniof rypecans [Jecoby & Haymas, |967; Mancikck et ol io press ), o
> wphwmaﬁuumha“m” herwise pratly aspag (e otyscal appeannce of vuzally
{ | fant prescotied visually @ center Sci in wppescase letiery, aad peosested words Geaf & Ryus, 1990, Jocody & Maymaa, 1987
Y wost sioms were thes greaeoted o the coster febd, also In  Rocdiger & Blamon, | 967 !
uppercas besiora, with L INMT0as W comglets e word sienss A2 the seve lisse, pveciily the mme word forms of object
/10 form De St word 10 come 10 miad. A reduction of Nlood pond wot be prosested of shody and it fla, with cuactly the
'J%Mhaﬁdwm(un“ same comEs oc in caacty the seoe position I the visesd
T eoedatem coepieion primisg, comparnd with & baslise coo- Sedd, for exampid fox primiiag © ocoar o Sull seagdh (Miader-
dﬁ\nh“mﬂumm-ndu mas & Cosper, 1991, in posss; Gl & Ryas, 1990 foe review,
posstic compictions wad beww poversicd. Thiss, £¢ 8 et afier poe Schacter, Delsoey & Merikie, 1990). These resdits suggest
A teen less mowral activity may Be re. Ot priming occun i systemd (Wl have cxactad some -
Qeiend 32 pooes sire e o o e, physionl fratuows and that are aleeady POOOOSRING.A Some-
_ The right bemynpbirs: locus of (bis chasgs is consisiest what shetract version of the stimaln Nevertheies, [eimviag
srtated Sadizgs from divided vssal fickd studics showing thai effocts are stroegly derermsned by iructur) fosteres of the
wpeds10m compiction prvmisg CAb b Fppcisad by brmage- percapteal abject Bt was coapirally peeseaced. The cxtent of
il svechasians iz Te nght ocrebenl beanispdare. Wonds were peioang and B impocance of yiedy Ann 687 00D COMmpAt-
preseniod for study 3 3 cotral Raston poind, and word s biliry can e eageaiad 1) sy, depeading oo which hemspdan
wese Laser poesested in sithar the ket oe right viseal S0 (Mar-  mpporss e phesceseace aad which cortical nalens are is-
= solek, Kowdye, & Sqeire, in poosd A lefbwiauad Scld (righe votved. Oue clear cxampdie of Dils point came Foce the visul
bemmispisosh adastage coturred B word4tem cosploton frebd stedin of porrzal minects mestonad cader (Manalck et
proting, b oaly whes nemm wese preseriod a1 0ady and text al, i presd Wheo wovd siomn were peescotisl 10 8 left heand-
s e sasse smodaliny and o the saene ktier case. 1pbee, word compietaon DOTUSG was ot affocted by (harges
Ortaer sugpestions shost priming inciude the idea Ul repet- (o Setter caoe. Wihes Uhe wosd siems wery preacotnd 1o (e right
oo pricung of woods mxight eoour A changes 1 3 lefl ponter iy beroispdene, pmming wma distirashed by charging e letur
word-form syatem, porteaably & siem specaliand foc the case
mmdr*hwm .
iog and Dt privsiag of vissal OROCH Sght S00wr A5 SBATEM y : . A
in & right-Devaisphere, sructerd deacription syvien (SChadter Nowel Assecistions in Deplichs Memory
1990s; Tuving & Schactes, 1950). Whereas ose might woery Tade 4 iBesnanec the Lindiof learsing that can b supportad
e sach ideas will lead 10 propomag & soy memmory syviem for by eondeclieative [imphold memory The Table shows that i
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Tadie ¢
Kindx of Informmacyon Fhat Can Se Supporsed by Nondechamatve ! Irgdsot) Memsivy ond Acguied
by Ammenis Favents
_%m Nowel aformance Trw wove w b ims
Ome-al lexremy
Waord dossiScxson (Cermak, Moert mricaios (S -~
Tabot, Oandier, A Foms, & Riwe, 105
Wabarn, 1985
Wat corpicune Kind Mondarons rase (Sqeir & -
Squre, & Mander, 7RI} Mckes, 092
Moada ' L paarve beve o wmang Usdamaliar obyoc -
e e e Cuoger, A Delancy, 1991)
Spdien, 1945 Noweoeds (Hunt, Dumeryens,
& Sqawre. in peow)
Mgt pir e warnmg
Troatapoasc rmading il Rosding sowsgeds (Masa & Wend paens Muacs & Squee,
m'i”h‘t Sgwien, 1991) '
Savmirvaciam il (Nows A Qlasscal cond tonkag (Dusm,
Pl 1997) Chasson, & Canavw, 1989,
Wenarant: & W grieghon,

. Sheory & Schacter, |987; Sguice, 1997; Tuiving & Schacser,
19900, dechanaig and asodeclarsivg Memory e B0t 38 Ul

Tadie 4 also Mentifies & Lind of aoning thas s readily -
ported by doclssative memity bail can soarcely be accom-
m-aummm;mm

line of work began with repocts thad noromdl sudgects asd soome
waee (he word stcm presentod sl (oaf was paired witk a previ-
owsdy, asociated sapet wood g, stedy Beas Owmarcs, test
BaCral Gl & Schacter 1915). However, selnageest soad
s forand Col amuscsis palinrs SO o6 enbalal Uha effext reluiny
Cermsk, Bicick & Blackond, 1988 Meyes & Cooding, 1989,
Schacter & Graf, 1984, Shimamar & Squice, 1989) ANbough
separsis stadies with pormal pabject: wthownd waegusocally
That prissing of pew AaoOanoos is Gasaoabie (oo othet wa.
sares of docharative myemory (Gond & Schamer, 1987, Schacter &

Gl 1989), (3w f3c1 that acsocsic paticots are pevertheless -
paied vagpests O 2 sigaificant part of Dlx cffoct depends oo
declarstive memery To ealad primiag of new amocations
Serwoen two scrmasmealy uarchuded woeds sulyacts may newd
3 200rss 2 ek Setwecn D¢ two words thy waa farrsed doclaes-
Vvely e timse of soady (e Shicnamun & Squire, 1989

A sotond me of work Degan with the mport St memory
mpaced paternss coukd calablod oovel aaOOMToNs bedwocn
words in 3 daghe il (Moscowinch et sl 1986). Woed pairs were
Sext possented one 2 8 tene. Then subjocts were aakod 50 rend
o guickly as possible theee diflorost kinds of matorhl: e
seme wood paics Doal bad alsoady been peesonind, 8 now ant of
word pacm, or ¢ same word pairs presestiod in @ reooahsoed
Dhios. Dvidoacs that an amsociation between the wood pairs
Bt bees aoguirnd woukd b found i dower reading times for
e recombisod word pairs, a8 compaend with D old woed
paire. This resclt was reported it the aiial stady by Mosco-
wich ot al. 0958), Sat the effoct was 2 small ooe, and it has
proves Silouk 10 mpiicase, [n rocsst wodk banod on the same
peradagre, word pairs were preseanad efher coce or matipis
tmen, and 305900ty were ing tructnd o resd e and 30 anpe
0 frmo & lisk Setwecn e messbeons of each paie (Masen &
Sowire, 19900 The resalts were groerally the same for amsoec
patients and cosir sbpmons. Pven aer & singde trial, obd peirs
wroe read more uichly thas sew paies, which refects a poim-
tag efact for fumcliar wonds Howewey, in Siroe separsie exen.
s, reconbised word palrs Were read juot 23 Quickly as old
word palrs. Thas o, Dre was 3¢ disruptive efinct of secoenien-
g (he words, indicating Lhat o0 efloctive assocation Rad boea
frmad betwees them Accosdangly, 00 learniag of e assiing-
sons cocurmed ia 3 degle trial, 3 mesrarnd by readieg spoed.
The resadts were GuSevens whaes woed paun were prescased el
tphe Gewes. ANy readieg wond pairy several thmes i rapid
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mccessn (27 Swnan 0 ore crperimentd, fedembingd pairs
were pead sgeifcanstly more dowty than obd pain, although the
efoct was aursencally small
Tbemhmmmuw
(mpticiq) learwing 18 specistznd for ince :
Change and 123l rew e3< N1 32 be sogured irmpladly b
coly o many rrpcitions. Coonsder 3 typical tak of sssocis-
res Joatmng, Bch &3 PaEDd msooske learnag. eag aplict
IR ructors L0 IonTe. Amneuc patenls wiih hppocampal
Gamage thould eveniually De able 10 30GEINT DOCW KINOCALIOAS
thicegh repctina, as 1 e develpmest of 3 tabe Howeves,
1harr 190e of MarBag would be grovdy shecrmal in compurace
with soesw! sebpecis, and the soquired hoowiedge shoskd be
shacrmal e other respects a5 welll (or relevant stodies, see
Glisky e 3l 19860, 1986 Tulviag. Hayman, & Macdoasld,
199 1), For example, even afler learning has ocourend, the knows-
odge showh be relasovely inflexiie. et o, Moessdis Ogly whea
cractly Lhe samme Cwnt 300 presented that were used during tral e
(o In sddtice, Uy conlxdonos raciags axxipned by the pateets
10 T correct chowces shoukd be cudue kow The pancots would
heve learned 10 prodece 3 reapoase, X 10 feLTeve Rems o
mernory By costrac, normal scbjocts should Joarn Quickly sad
asugn confdence eaingy AppeopNEe %0 their lovel of perfor.
maace, Secaune they can spoly A2 entirely differest stratogy Lo
the loarming of sew aszociatiora. They ovt Quackly memonse.
The bippocampel onation & mpeciaioed for formung 00
Jaectnes betwees aciranily fifforeet clemcn, sad ¥ 1 espe-
clally paod 3 raped Jearziag The lherwtsre of classical conds-
Soming makes 3 dmilar poest. Siple classical cosdiicoing
" also involves 1he a0Quistion of sow ascciations. However, the
carniag s independent of the bippocampes and typeeslly oo
curs gradeally over mary widh Aaqeiniag sasocistsoms gradu.
ally thvosgh cavscal cosdrscemng o (0% the same 33 extablish-
.hnmﬂ.-ﬂ:ﬂﬁ&&dulw

.'\fpmwuwhﬁ‘m-

jon Jearming, which can ocowe jo one Uil aod whih

e ©ay not be afoctod by hppocamgal kouozs. However, the dvia

on tae-averdon learrang and higgocampal ksloes are mived
[poe Best & Oex, 197); Mecphy & Brown, 1974; Nosasnas &
Cueta, 19730

- - — -

Mukiple Mewmory Systems A Bologics!

The view adanced bere and dsewhere (Squire, 1957) pro-
pounds the Wokogicad meality of meaiple memory sysless. DI
feovant racemocy yysieen are aamomuically distinct, and they ae
imoived 1 soquirmg and Mol fasdamentally &fferent
Vinds of mformation. Thn bislogwal perspactie galm ssppoct
froon shedies of 1he ampimade and datnibetion of eveas relaoad
poversials (ERPY eliciiad duriag e wiady of wonds (Paller,
1990). The FRPs 0 woods Ot wese schaagquently rocalied were
moce postzve thaa ERPY 1 wsescailed words, aod this &8
EDOf Was Taoat ovident Al andenion eleotrods placements, In coa-
oant, e ER M 00 words Sal were subogeently peitand were
ol seeaserably difforcet ia smplande focs the ERM 0w
primod wordi Moreower, D¢ numeancal nocugrificang ddfe:.
ences iz smpliude s 65d ocow i the ERPs % prioned and
wrprimed woods were gresser o posserior slactiods place-
mests. Then, proceases refaind 1 sebrmagquent daclarative me-

- % sowrar - s me o M

ey were dectoginsalog ically datnc ot the see of cacoditg
froen proceises slaind 10 sebsequest praming, These mendis
soem eadent 0 undersiand in terma of datacs heaks opstoms
relatod % &fferent orrrs of memeny

Rocent fndings suing PEY make s s pivent (Squire of
al, o proall A3 entioand eadher, whea ward Sicrea wees pee-
sensnd wih icaluctions 50 farm s St word 12 come 10 mind
fc. prowmng insarectiond, ere was indecton @ Mool Dow (o
right extrastriant corsex comparnd wirth (e baselins cond o,
By comtrast, I8 & Condition Mhat wis deatonl eacept (hat -
0% wore irrected 10 Compieie wood paes with stady words
fie, memmory mitracton), Shest was 4 increass @ blood flow
in the right hppocampsl ragoa compared wvih hoo) Ihe pwim-
ing and the Moddine condamas Thu, trae ypiorn reaiod
Seclarative merory covid be datianguihed axatcrnacally from
bradn systars scixied %0 jrorang I8 sosaesia, there @ 2a I~
pairmnent is e ARy 0 aoguire and shore 0 bind of sem-
ory which depends 08 10 insegrty of (he happrnarsgal regne,

¢ ek other Sruie syviens can support otherforma of learsisg

and memory

As segpeeind sardicr, thom & an Alermaiive view a5 % why
mpemc PSS €0 (T4t learrizg and mteoCy Of PRany
tasks Dy 10 view e fundamental detat ia axacss o ose of
BRISIAE COMOIOu 32030 10 A OUMNwnd HSLACT BCIOCY BT

mmmmm*dﬂ-
o vislon (Weltkrants, 1985). The symiiome & cacsad by 3
lesion in 1he vioud conex, which pradooes A sootoms Garea of

entially Shnd, B i, they deay visal experisace. Yot with
carefel sstiog, hoood, for canmple, on Rvcad<hocs proce-
dures, paencs e bend 0 be capable of several surprisiog
tuingr. They are able 20 detect grcioge asd movemsest, and
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voust eaperuac been alacuad by the besme” Could any vasal
fancuen i e imsaired feld e demomtrased of aopropesate
wsting secheagues wore wod?

Tha anawer o clcarty no Some vaaal lonction has booe lont,
for canmpde, U abdley 80 dscTiminaie paceres, lndond, 3 S0y~
e ool Can be danoesiowed et weil.s)aded patien
desected gratings in hit extact viseal fedd more poodly e @
Ais imgared visual Scid (bocause feateg 23 the aormd Seld

wits conducsed a2 3 very perghanal location). A that same pe-
ripheral 10000 M 1he wnact viseal febd, & wsanglie and an T
wore discranmaied with 90% stcurscy wsing forced-chouce
m However, (he riangie versss the X dbcrimination
could not be made 2 all i the jmpaced vissad Sebd; That ix
porfoomance was 3 chaace sven wih Swondahonn 1esting
(Wenkraets, |956). Thas, the visosl debot in Hindsgh i oot a
seloctive us of the eaperiential corsponent of visioe. Pelicrn
visios depends on the stegrty of vissal cortex and on the
propecsont 15 viseal cortex from U Lseral praiouiee, and
paliern vishoo i specibcally mopaared fllowiag visaal ovtcal
daraage (Lo, patiers asd form discriminstions that caneot be
epdaced 40 watoe mxpler kind of dacreanaton) The resdhual
abelition i Bindught are thought 13 dpead 0n sonitiale vi-

. seal mechanisss, inchading the projections (roms seting 10 the

U paperoe colliouka ia the mnidbrsis.

Iz areaceis, darmage bas occourred o e hippocampas, o
relatad strucseres, and the capaciry for ose kind of pewopias-
sty (LTP in Mppocampud and for eee Lind of memory is lost.
plicitly coulid be talksa %0 meas B sotking 2t all hus been lost
et The ANIRY W0 engage 3 cosacions rememberiag, Mo
ever, bry amalogy W the Ross of farmn vickon o bindsight, & &
vagpestod bere that & spocife abulity bas ibso boes bost in arane-
ma. Wht has been kost is e abslity 102ko0e 2 partioulss kind of
memory 3 kiod of memory $hat it Bcaible and peulable o
comscioss recollection,
< SOmotas, whiat becomes saiabie teoegh iegiics e
oy Joohs seenar 15 whal i eviable Dvroagh Goclarioe merm.
orx For example, & prescomted wood may be recalled by declars-
e memory, o e sane wood may be prodoced a3 pricsiog
pandygm Mrer caaminaten, howoves, hows that U k-
Tran avagabie thiis luts wayy O Fereed character
WS cowpared with what Hmﬂ“ia
semustove $0 modalty mssipolston x3d 1o changes in the phyw-
cal appeanance of ytizsall) Morooser, io kecping with @ idea
thae 300 Ieformanion has acteally beea 1oz, there i 00 oV
Aence That prinmiog caa recoser all The informetaon rvaslable 1o
doclarsirve oeondey aboul & wood, kr caammple, whea and
where it was leacned foc Schacter, 19908 Souies, 1987 Whae
have been proserved 0 amoeds sow varkous, special perpose,
oelatively mBeaitde idmory EysHons Il (ermil 0o 30 behave
difereatly as e resall of eapetience, albough uiaally caly
pradually Ser muasy il Brais lesices do ot produce lomet
dmwﬂmuhahdw
won procowsiag

Time Limaed Raole of the Hippocarpuy
Facts of Rewrogrnde Amnesa

fa the previcw section, Lhe view wa Sowcloped that the Bip-

pocampat and reladed stractarcs are exsencial ot the e of

Marmag i declacative Bonscioss) memory s 50 be established
.nmmmm In Dis powioim, cvidence s

reviceed 40 show hat | Bt ooky & Acmpceary
w from iedes of
..mwd-m.u

wert acquind dekwe hogocampal damage. Hatorically the
1hetrrinal Sgaihcanie of rooragrade amanss was f051 appre-
cated in e comtesl of hurman memiry disonders. ba 188),
Thoadule Mibot compiled 2 harge samber of case repors with
e obpectm of developiag principies of acrmal memory (R
Dot | ERIFIRE0) Fle aotnd that secent memocy & typically lost
more readily than remmole memary and Drmelited & Jew of
segresnioe that in memory “ihe scw perishes befoes the o™ (p
137 Quanttathve sindics of roteograde amacss ks bacass bo-
20 sedy J0 yeurs ago (Saaders & Warnagsoa, 1971), Siecs S
e, & proat dead hos Been Jearned, despite the Bt ths the
vxiable metbodh for xucseng remeds meroory obyecteely i
Dsmans ae leperfoc: i3 2 sember of wayy

Quentisatree Sthudier of Retroprade Ammeiis in
Enclegically Déxtinct Putient Growps

AL the outser, & Shavkd be recogaiand that & bas rassly been
potmble 10 1tudy seUrOgrade dmactia 1o Datsars with sehective,
hntslogcaly confirmed Samage © (be hppocempen. ladeed,
it o oaldy mcoaly bocome posuibies (with magsctc resosasce
B B 10 b A s WA padiests berg Loadiod Nane dammage to

The maoet wefel descripions of retrograde smecsin bese
been obtzmed bom guantistee studics of groupn of siesiler
pacients, The best kaown a0d most widcly stadiad cxampic of
bamas wenesa s Korakof s syadrome (Abers, Ty, &
Lewia, 1979, Coben & Squure, |98 Kopelman, 1589, Mowdell,
Northers, Soowdes, & Newry 1980, Squire, Haist, & Shios-
s, 1 915) The mermory impakracat is thee patonts i xwo-
Chatod wih G acapdals koo, and e Mppocamonas it prace-
ally ietact Gor dacunsare, soe Squise ef al, FF50) Undorenasely,
1hea proep = not sdvastageonn bor sadae of releograde so sesid
becasse the amoctk coad koa ofics dowclopn gradually over
mamy years. Accoodingly it s 6 et 1 distingrih romograds
W0 ANRETORTRGE AR el 4 DLmdguasly Neverhtiess, 1hen s
pooeral sprrement (hat semole memory teapaitinent m ths
$roup 1 cxicoaive And scmpocaly peaded, affecting The rocent
pont mone Das the semose past (Figere £, 20p paactd. The

potion adkewanion that Be had-writia in b susobiography &
few yeany Defore the onset GF bas Amnesia. Falessme revsog ruie
amnesr S aiso bees obmerved m 8 seversly smoenc paliend
with Koouakofy syadrome (piltieat K7, Sqeire, Hant, & $hi-
marzara, | 90Y) whoee azily memnbens 3ad wearund the omet
of e armomia appessimately | year sarbier and cowdd atteat o
Ris sormal cogmitive sMes before that Sene.
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Fipaed Rermsie sy parfcrmance of pathents with Kamudod ) sysdsome (KOR_ » = ), abobalc

owinsd Bbioca (ALC, £~ F), amacws padents with confrmed or sepecind derags 10 B bippocampal
mm--qmw-ﬁmm&--um_—-—u—umn

e dem—dm--amudmﬂmuum
Sz 1950 3 199, Rooopaitien Perfrmasce on @ Exilipbe e st Gl Abarnaciey bevaiving the

e g sves (Top four pacch Soes “The towvkogy of Memocy Quantdsiive Assataice of
Revograde Amoesis in Twe Oreeps of Amacsic Paticats” by L R Sowies, F Haist aad A, F Shisare,

1900, S of Nowpacionce, 9, p 130-331, Copryright 1959 by Oued Unbverity Pross. Regeisand by
mmnﬂmmmumhmm
oudmwhumuntﬂlmmna 318 Coporgh

- 1949 by gl Commezbationr Adaind I peiinaied)

e

More frvoradbie conurestiaales B¢ the iSady of retrograds am- petieats. Ouwt provp e = &) 2ad preversad o coafrmed dazage
Dexil (OO0 With patcets who Becane armaesd talfecly 03 3 80 the hipguoampel fvmacioo(patcrts ADL 0D, WH, and LM
kaown caltndar day In Gibs case, these can B¢ 0 sbigeity from Sgsioe, Haist, & Shiseacswsa, | 997). They sabibaed exito-
shoet which w81 fees Seasat swograde armsesia. Tests of e and temmporally graded rebegrede amsaua, covering 06
ot memery Bave now bees ghvws 10 two grosgs of seth averngt abost | $ years of the period Sefors Be oaset of 3o
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(Fugeee &, mnidedie panel) [n separeie s, very remcte momory
with ineact eves whes (he o3t doms wene 10 &I Boulk thae they
could e sowwered By fowar han 208 of v slpeots
Squire, Hant, & SNenanun, |989)

Another group of st paticots was wediod during ssd afler
tressurne ghotal acnaessa (TGA) 8 nesrological rysdsoene char-
sctenand by the padden oaut of severr and selictive anresa
that Sypecally Basts 6 10 10 e These pationts abso enlibsied
eucranve, lemporally graded retrogeade amnesas (Figore §, ot
e panch; Krischewiky & Squere, 1909, Krischenky Squir, &
Zowaousiy, | 955). One methodalogical advastags of D group
0 DN vt D008 B0V &5 iy own 0oatrol subyects. Thus, the
patery were lested while Dey were amocsc, and of thet Groe
sapwer corvectly afler recovery Som TOA. la addeion, =
Jodgnd by lous formal guestioning carried ot afSer soovery
permanesl mensovy loos olten acosrmed for ssformatoe (hat
Rad been soguired Hom & fow dowes 0 1| 90 2 days before the
ephode Ao, memery for the everss that Mad cocurred duriag
O pariod of amterograde amncua was pormanently kst

The resslis Som thoss Sroe pathent prowps (paests with
MM e 4 patients with confirmed of su-

pooded. Mndeod, a0 these growps of amacsic pasests had sim)e
Sty exdemsive aad lempooslly graded mtrograde moocod o
Mhhmvmudv—s’  Temp-
rally gradad remots EETICrY B TRCE wat &om
Dt bess severe, whitn mmnody wan assecsed by aukigde-<hosce
and pti-00 reOOEnIon

Retrograde Amvenis in Patients Wih
Hpgpocampal Lexions

Retrugrmie amnisia a0 be bosk casniive Dan |5 Bhe utents
Jot Sescrided. Conshder, for example, paticat . K who bad
moderaiely severe anderopseds £nacu i DsOCIItea with luch-
crzic damage (hat was limsiiod 15 B CAL region of the Rippo-
campas Miaserally (Zola-Morgan of al, F96). 190 this patient,
FIrOErade Aremosa could Dot te deecued o ey of uix diferest
tests, oacheding Uhe Jarne remite-Semory i3t that was given to
the thoee grougs of palicels dnowssed eadier cf. Figas § and
10p two panchy of Figers ¥). 1t & posible that R, 1 had soune
PRtroRrade amaoses o 2 periad of a Sow years o Jext before the
omset o Sis somesia in 1973 (Fgwee 9, detailed recall of public
evemiy ared the trlevison des0 However, (e svaclabls wst can-
oot detoct wach & deficil scliably is & tingde sutyocs,

Hetrograds Aamnonia SpPCATE 30 VarY I it severity and exlend
% » fanction of the severiy of antaropreds amacsia, o loxt
acrom & conedenabie muoge of severity (Foe evadeace that retoo-
prade sod anfierograde annesia cas severBelon: be S
cined, we the following woction) Retrograde asmness b betel’
whes amorograde amnesia & oaly modarasly severe g, P
Sent BB 15 oo eniensive when astomgrade ammocsia i
e severe Thas i peticet B, B, 28 wis D¢ case for the patient
droeae, the 4 amsenc patiests with cosfemed or saspeciad
Bigpocampal pathalogy aad the & paticots with TGA) For ex-
ampie, e roeg of 4 patheats Wit Moputurmpel lewoes had

mOne 3ovesT anmcrograde amscus than &l R, I 1 IQ-mem
ory quotiee [MO | dcosrnce scooe e e 4 patiesss - 19 0w
20 for B K and 2550 N 10oen wrwtne ietiog e ks nesa joom-
pare Figase 8, maddie pancls, and Figare 9, 109 paactd. Corre-
tpoadingly (hese 4 patients probebly had onoes ceiniive Seei o
pathology than was foend i X, 8 ladced, 2 of & patienss (n
1had IO have Bevn casma0d witd 30 IREeowed geoioved for
PErageg I M (00 Brgun 4 ey w i) TG A (esOaRnOT (D
oot L M and W H, Press o al. 1989, Squire ot al, 1990),
Wheress B AL 3ad dammage limited 1o the CAD Scid of Rigpo
campes, i both LM, and W N, D¢ Nppocamgal farmation
was sacally redaoed in sae bilserally affecnag all e cell
ks of the hippocampes, intheding the CAL 5o, topether
with fhe deatate ryvea and the subsoular comples. Thee Sad.
g e Bt puthology i the Mppocampal regioa, i k
Iavobvs meiee thas jest the CAL Bedd, can prodece relatively
Severe acfemagrede and MUAILIede Arseted Than 08¢ Caa len-
Lty u&mkﬂdmwhgk'

| Baeran cawer 8 moderately aOvere aricaograde smsewia and Lo

B0d opade amensa awociad with damagr e o |
CAL Seld of higpotampus and taive severe aseropinde and N
retograde smacuia psoouind with more calcrave darsage 0
the hopocarqal repon

This peoposnd Liak betwrca @ wwer cy of amorograde asd
revogrede ametsld woskd apgeas 10 be costrad kned by fied-
g fom the wellatudiod patient H. M. who o the age of 27
(i 1935 seinocd bilseral remosal of e modiad tempossd
be S 15 adicf of severs cplicpey The sunpical kesioa was
ot oded 1o (il v Mool for Iatoa, O svplala,
vl underlying comen. Following De sergery H. M. developed
& move severe anderograde anncka Ban b observed ia sy of
e paticoty discemad thas far. The extont of b retrograde
amaesis b more dificelt 10 adge, Ia part Decasss quantiacive
AL N et A Eadertabeo unts] moce Thas 20 yeary effer
he tecane tmncnad. Neweribelesd, be is reported %0 have retro-
prade anoenia fot 3 period coveriog only ) to | ! yean before bis
wanpery KCadkia, | 984 Mandcn Wikon & Tesbwc, 1975 Milser
ot al, 1968 Sagar. Coben, Suilbaa, Carkia, & Goowdon, 1585,

mammnun&'.i:am.b
ialy reaistart 0 amacha 2ad developed

age, Mee the majorky of smaesic stady pa-
rash, parhagn B0 woukd Daed xdabeied gaive eNMae (UG
pade amocsia. In sy oase, taore rocennl Eodings S0 seppon
Lhe sdca that soverograde armoeus aad temporally graded retvo-
prade axmesa we reiatnd defcts,

Recvoprade Ammesia Withose o Temporn! Gradien

% b izportast ©© note that same momory-Gnpased paticsts
hawe cxanvy retyograde amnesa wish 20 evidence of 2 Lem-
pocsl peadient. 1n sach Cases, MOt IeOnOTyY MDA B0 De
severely and semndarly irapasred scroms all time pertodts (v ex-

bart, Basiers, & Boanadn, 1581, Bary, Goldbery, Wasseryiels, &
Novell 1990, Beatty Saleacn, Butten, Heisdel, & Gensbolon,
1968; Botton & Seasa, 1999, Cormuak & OCoasec, 196% Duma.
sho, Geadf-Radfosd, Talinger, Dursasia, & Kasell 1985 Gradf-
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Mewind 3 yours after the cnset of e armsesia. CONT = sontrd sebyects. Trom “Hamas Amsesis sad the
Modul Trmpors] Kegwn Frduriog Memory lopsirmcnt Palowieg ¢ Swenl Lacoa Liisod 1 Fiedd
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T Radked ot al, 1990, Sagar et ol 198X Seass, Gubersan, Neb-
soa, & Larochelle, 1985 Wasriagion & McCarthy 1958, Tl
ving, Schacter, Mclachlen, & Mosoovinch, 1988, Wilios, Xas-
miak, & Fou 1931; alio see one curly pepont livoiviag 3 mand
proup of amseshc pachents, Sanders & Warringion, 1571). This
type of retrograde am s doscrver ipecial commdersiion. One
posubility @ (hat usgraded mutgnade anocua i wmply he
soweme on & contivoern of severiy By Dis view the mame
pasheats bave both very scvere asteroprade amaesia (L2, o
severe thaa asy of thw patiests mprescoted in Figues ) and
thin view & Dt ool A% (he potionts with axionsvy 30d scvere

IPtoprade uTEcu appead 16 Bint Mvene ATUSTETRd AT DeT
Perhags the clearest exazegie of soch a Sssacatios i fued
the patienss with left semporal kobecsoarry stadond by Bary e al.
@I90) The pathonss were ooly mulidly impaired on tests of de-
Layed 540y recall (ol Boarty 30 TOarod 3 the atients whase
remots TRIIOCy $O0rs Are shown s Figere £), hex thess pa-
Uents bad cxseraive and ungraded retrograds LIISesd 08 M-
crul fereots INERORY Sovts that juesecd koowdodpe of lamoes
persoss, pubisg ewtms, And WehVine programa

Anceer possbuiny o 1hetl severe and wingraded noogoade
ameesia mauirm demage in sddtion %0 ke differest froad 13

modial wopocal kobe and midiine dicncophalic T
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wer sooms plaspbic Socause most, o st Al of the clinical
corvd fams 18 whah ungraded seirograde amacsa Aas been re-
portod are cond e in which sddations] darsage is knows w0
have occurred feg., % Bleral temporal cores). This addmonal
damags Mgt Im@ak parkNTAIRCE 0N SO MWy Mals
Aol COVMETINELNG POorTonaly L anterOograde andesia
Tor canmpie, Memocy SIOMPe 40es of a0e1s 10 Lherm coudd be
corspromsined by lateral lemporal conex lemoes, wahout de-
swapag e capacty 10 sutablih sow srpensoatations Bat are
taced 08 derent Cocs and processing sategies aad thas are
therefore 533000 ia & SufFesent aree Of cones. Additnmal neuro.
poycholopcal and ansomcsl iaformmation will be noeded 1o
Meatily the descrrenants of sagraded sctrograde amaecia 30d
10 coalirm 1hat ungraded focms of ovtrograde amaewia are dis-
SOOI (10O ACRATOETAGE FIEIY MOl

Ment quastitatve smctements of metrograde amoctis have
boen based on et of pubiic lnkermation .2, %e of pubic
everts and famous [hoeg), Decause e 00rmt answers an Le
wenthed emarstigoossdy Howowey, 103s hve abo been coa-
structed 40 amems sutobiognphical, oventepecific memocy
g, mbocts s asiond to meollec: poroaal epsades in e
poase 0 & Sand list of oue woods [Crovine & Schifeaa, 1974,
Calion, 1379] or W0 recollect specific epiacdes ia coapomse 0
structused guestions). TFrack confibedstion & ruled out by de-
srmisiog thae pabjocts a0 conmsiont abowt the wiling of e
evest and B dme o 1o Jillereet oocasions seversll weeks
spart. O sech ietls, aminesic patients typacally exhibit lesepo-
cally’ lizzited retrograde ssocsis (Figare 10). For cxample, 2
paicos with coafrmed Mppocampal damage (paticuts 1. M,
and W H ), who wer sormal o sewts of Ncrand lafarmacion for
very peumoie events (Figur £), wese abio able 50 produce well.
frmnd mermoties from Beir easly chidhood oc adolestence

-—
o
L

L]

L] .

Fpwr 19 Time periods (bekee 1950 docagh 19000 oo oAk 5
MR Aty AMIN) aad § comtond seligects (O0ON) rocaling well-
formad sesteognphucal mensories I KEpoat 10 15 tingh-wind tved
e, e, Bag o windowd From “Amobiognpbical Memecy ia Am-
noca” by D MacKimnce snd L. R Squire, | 599, Puvehstietory 17, o
250, Coppright 1959 by Ihe Pyhoconse Sockety lac. Rapriand by
POE Bk

Mack inscn & Sqelrs, 1955) The qualiry of ther memories
OindS mat Bt Giosranased (rom 1hame sepantnd by morreal wd-
ot Moreover jest 2wt obsersad in he e of oy
inforraatom Ao, (hey wese irnpuitnd when they aticmposd w
mooiiect more socerd ovents Aldgetber, $ amaenkc penetnls
ook bhoth weaty, and 1hey bad umilady wwere astodsograpbics
UMy (O T 08 ared FACT BNy LPapalTeent

B Dt ofes been pepirind UM memry wnpi (et dor fac-
tual informutios asd memory mrpuerment for sutobsograph.
cal matenial are anociaod i adbidusl pationts (Beazy Sal
moa, Bornsein, & Davwers, 1957, Buctons & Cormak, | 996, G-
besell. Coben, & Carkin, 1988; Kogelman, 1589, Osserpeard,
1957). The 1ame patents wha eahibe exlensive wapradod retro-
prade araneua $or Lact cal sformmatios asc also aften copocted w
be wrable © geoduce any steblograpbical mamories M o8
Cormak & OConnor, 190X Damasio o1 ol 1985 Tulvieg el al,
1968, Warriagion & MeCartine 15830 Ja general, the fadings
for sutoblographical teats and (act memory teat sppess 4o b I
COrTpEpOadeace. Those paticats wha cCasmot rocotiect pemonal
DODOTIes M50 ealvdal atersae, bagraded FIIOSSETY
mpax rseal, wherens hose who can secall carly petsonsl e
arica exbabet serzporally praded retrograde armncma foo Dacousd
mbareation wih sparieg of very semote mvemony

Owe dificuliy m COMparing fact e mory with avtobsprash
wal mernocy for persosal events i (hal faoveal knowledpe cas
b acquirnd through repested erpovsre 10 information. iy coe-
mt, remenbosnd everss 30t tpeciic 0 thme aad place aad
GARRO be pepoaed. WD AmDtEa SO0W, 50 J0L3 K 15 00t 50
severe a8 %0 Be abmoluie, 0ot woeld expect muerial T s
boen oficn repesiod 10 be esawr 1O remersber thin rasteriad
e has ocourred oaldy once hoe Outerpased & Squies, 19901
This shaple Sifforence Detween Bom and ovists & OB PSR
wity Svent ISOmY RN IPPERr 1D De cnore afaotad in amntse
e {0t memery On (e oo hand, it & cloar thad boty fact
menocy and overt DTy &% SRpetrod I3 AImOcsa, CIpe-
clally {f the isformation war acquisd recossly On S other
Nand, wewnocly amaes patients have been descrded who re
ponadly have somse temote fact memory sviilable but 5o capec-
ity =t all for smobeographical, cventapecilc recall kg, Dams.
wo ot al, 190X Tubviag ot al, 199%; Talving of al, 1985). This
Lad g Dt Loaaet s De iy LALEM by Seg pesd that ar oesia eo(w-
oully Mfects episodit memory However, the issee & ot that
such palierts cae accumalate some sersastic (factmal) knowd-
adge without scguining episod ic fevent) knowlodps. The weee it
whether the abaliay 50 aoquire Scteal koowiodge 5 Sspropon
toasely spared. B Dhe adility 0 acoussalse Sctsal mborme.
1hom Betler (han woudd be cxpecied, grven Bie bevel of memary
“’h for vosgue everts” Furnther waady k needod o 1S4 inte-eal-

(v e

Retrogrode Amnesiz o @ Steble Jmparmment

Berryons hos the sspeniance of Saling w0 secollect & peece of
Blrmarion that <owkd o 1ecalind sedvessfolly oo some Mler
okaskn Foliownag fom i olnervatioo, o seems possbie
hi! smncuic patients (23 well 38 nocrmal ssbjecty) Loow mare
about remots cvenes thas By are 30 10 AeMOSsIe 0 one
tout sossion, In the lenting case, if & sefcient ononber of sl
g (OGasoes were provided. oo could repone that arencset
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paoies That @, reemones we reorganised or consoldatod wieh
the paasapt of time after learmeng,

Theas two pobubeines Cos B Suninguadad Cigermnerasly
by descrmrining the precoe shage o the performance Qurves
retrogtade amostia. Cormader the two sets of by pothetcal data
shawn in Frgeos 11, 3 ARcrastive A, the scooe $or amy partice-
lar Sene period is sevtr e (han (e wore §3r 2 moee remote
pe perad. These duta can be anplainad by sappng that
Pt OCHEL $or 152 very remodte past Bt have sorvived for many
years wever dapeaded 0o e srectare damagod in amnew,
oven whes they were Aot acgured Ondy the more guickly
forgotien memanet depend 0n Dese sirectiom. Ba this view
1wt abality 10 pecall Lhe recest past can never Be poower Uhan the
shiliey 3 oacall the remote past. I Allernate B, scoves R
recesl Gatve periods A actsally lower than scoees for more
remote time periods. These Sata cannat be acoocased ke by
mo-maau--ni-mdpm

I b been 10 dechkde betwaen these two altornatives.
The difcully v D The peecise shagw of e tersporad gradient
of reuograde anocia canool b delormisod with cerlaiedy us-
ing the sty that are avadiabic 15 20CHs JEDOLE DEMOrY e
spotttly ie lrorsans Neverieiow, pradiests of srerograde am-
nova bave Soen obAosd i whoch Ut resnote Jast Wi reme -
beved Setter thas the rocent past. la ooe iaviance, papchisree
pateents prescribed cloctroconvelsive theory (ECT) wese sevted
both befors and afler Leaowss Sang & 1t thas was ipecially
conatracted 1o perred oparvilent sampding of past tose peranis
(Sguiee, Slawce, & Chace, 1975 Aler trestsesd, (he paticnts
had difSovky rememsbering evests Bt bad occocsed | 0 3
years carber, whirdas Made ITmots cvEss wese Jememborod
morrmalty [0 8 secotd iasiande, me were Iradond 8 3 (ne-trad

for Uve wabalag was impalnd when the traindag ccowred | 40 3
woeks before ECS ban ot when £ coosrmed at sarfor Smes,
These fading thow [ aproement with Alernates T) thae

4«;'-\—>\. U>\

Figare 11 Wypotsctical dats (A aad 1) derived Nom s optisal re-
motrmewiry o [N Can samde sguinaleally Acouil Tiat Sernie,
at i, the mmseriad o cach tone period was inkdally loarnod o 1he
strne bowel nad thes focpotien o B same rie (Ol the dte in O
b panl 1eguay Tt meanony U 3 vely roargas ond or consol sdssed
e pames afler fearwing. The dey featare of Whese Gols s O
tniny S RN Tt parundn b MTMT Dl ey L e re-
coot penods. Open crtier » sormasd wiyects, dosed Ordies = amaosse
Pl mwis)

171

Wattn Bory Surpery

ot

Mowe 12 Top Acgesiion of 100 slgecr-Sucrmenation problcmn
Q0 paiasiame pariod) Selore sargery (Botioon: Retontion of (he 10
SRyoct paty 8 Aacoe of iarmig swgrry sevval Moalers v
Pirand besatn of e Mipgecampal formacoa 3nd parabppocarpel
Orow [IF] ahdand iemponily graded retopredt amaesia, Nocrmal
monheys [N | eshitind brpeming From “The Primas 1lippocunpal
Fermatoa Prvatonce Sor 3 Tive Limsod Mok i Meroory Slerage” by
5 Zoks Morgas end L K Sguire, 1990, Sbenie. 250, g 299, Copyright
1950 by De Amarican Asocasos for e Adviacement of Soesce
Faprizoad by pormssssoa) '

long-term memoey 1 Gymbnsd asd 1Al (AOry It changs
2 Sme pawacs afier leacning However, Urestoncots Mie BCT
20d PCS cansat be weefclly seistod o neurcanstiony Of 1o ki
pocarpl fanctioe.

Rocently & diroet test of ARerostives A and 1 was armaagnd
um-—.gmhmmw
eslogs of the Sippocamspal formation fibe H* lexios; Zols- Mor:
gan & Sqeire, 19900, Mosknys wors tralsod preoperatinely 0o
fve differeat sets of 20 Giyect-dnoriminatios paies (e 3 tocal
o 100 obyect par). Tesinieg o cach Dpair set Degan doprons-
watedy 16,12, 5, 4, and 2 wocks before sergery For irusieg,
i obiect paie was gevscstod for L4 rals, 3ad domng rusisg
performance itsproved Som S50 coeress on the Bt el
hance = 30 00 £5% coeroct oa Whe | @h trial deveragad across
all 100 cbjecs pairy. Osc of the two obyects wis vy e
wanded, and the Jef-right loceson of e cormect obyect vaned
randoely The karming corwes were sumenwcally Quse sumilar
for the Sve Sruiming epesodes (Figuee 12, togd,

Two werks after warpery momory win xsesded by jveseoting
2 single wiad for each of the 100 paics i3 & maiaed ooder. Figure 1)
(homom) shirws e tan MIeaon Womms 3 fasctios of lesre
ing-soepery interval Uncpensiod mookeys i1 = 7) aaddbend
forgetting, rasging bom 9% corroct for objects karsad o
condly 32 less thaa TO% cocrece for odjects letened in (he mont
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senate wene porioda. The M7 goowp fu = 11) eahibised 1emga-
oy pradod rowograds amaens Specdically the opemnied
morheys periw mad mooe poorly Bas the actmal monlers on
obycet parrs 1hat bad been leirned 1 10 & weeks bokows surgery
(7 < 01) The two grocps &M not difer at any other tume
periads. The bry Ancding was Due e operated moskeys e
mermbered obyects Marmed Joag Defre swrptry sapaibcastly
beticr Chan objesss leained socenily In sddition, the retsograde
amnoss gradient waa mooctosic from 2 weeks %0 12 weeka
SN 64N S9% and TIW), aad thare was 2 vgnifcant Hacar
zed (p < D1) sorons s portios of the performante Owve
1adeod, of the |1 H* moekeys, caly | somembered the ohpects
fearand 2 weoks before sargery betier thas the objects kearned
17 werks befire sungery Fov the 7 socmad mankeys, the oppos
sie wis Wue Ouly | onkey remsendeoed the | 2wach obd ob
Jects betier than the Doweck 0 objocts,

One would expect Thal, of 8 sclevart Sone periods bad boen
fully ramgied, Be paformssce cerve of oporased animals
shoskd appoosimace 20 lowered U s ocher woods, & 1he e
ory wiores of operated paoeheys 3o incetine signifcantly o one
moves om & eoton 30 3 Dore remoie Sme period, ot some
PO in very remots tioe periods (he wores of operaied mon-
keys woudd de capoczed 10 josa 2 Sepetting curve of noomal
ecakes

These roudts provide ovidence b & pradeal process of con-
solidation of seorpancation In memory a5 time passes after
arniog Sendar resuls were abo reponiad recently B s

gives hppocarspal letions, Althoegh @ s case (Waaocae, -

§990) the gradicn of setvagrads smoetia extended across a po-
riod of only 2 9 5 S blso we Cha, Bomcochea, & Mifhed,
1991, Sethertand, Areodd, & Rodeigeer, 1587, for two preliods

mary seportl). Thes, B¢ b5 forination is cmeatial for
Bmcy B avabinhod i B bippocarspal 1 3t e

e o lgacning (o D Gem of 3 gl mamony & Conend:

\ “_son, or an inden; Halgren, 1984 Mz, 1971 MaNasghton &
& Nodel 1999; Miloer, Y355, Rolls, 1950, Speire, Shissassers, &

Azaral, | 959, Teyler & Disconna, 1985) The rols of the hiopo-
dimnubo. 3o & more pETAMEE
%M i independent of the

mummmdm“u
the reorpasication of memary over lisse are idexs spocfically
abowt declarwrwe memocy Mippocampal lesloas e monkeys
€ mor aliocy provicusly learsed motor Kkills (Salesoe et Al
lﬂh“m*mﬂem:»
scribed course of ECT retained & minoeceadiog 1kl that Shey
Bad scquired befoce trestment, dosple Sorpenting e worgy
1hey Sad boog read and evea D WM Mss0as Densthvey
Ciquire, Coben, & Zownosss, 15840,

Retragrade Ammnezia: A Samery

The f3cm3 of PeErogradie smBasia, 25 thay are Bow usdermesd,
PaiiE 3 graduat provess of redrpasicaon o comaclidaton
within doclansive mtmniry whesly e contribution of the
m-‘ﬂdm”&dw.‘
e msoceriaa alane il Becoma capabin of wpponing
“mmmmmww

o8 e Sovrigomend O siectve oI Sonxal comsectom
Reiasea (M SEOATNE SO 10 PAOCEOES. which lopether COMTM
it Uhe whole memary o o 000ld reguine Lhe descloparent of
sow cepresestations. (e caber cioe, B would soom I Sow
changes i3 pymaptic cosnectvity ot 5o levadved. One pomal-
beliey & thas consalsdacion & 3 part of the Teologie process of
forgriting dend DAL 1he 00N heiatent Detwees some ciomwnis of
repeestniabons are lodl Over lime, whesess Gfber conCtions
prow stoager (hquies, 19T

Teomguovally prmded evtrogonte amewsa (as i Aberasive It
Frgoes 11) s now Dece obverved s svice, s, ssoskeys, and
bumaes. The jeagth ol the retrograde amocec gradieng was
shoet 3 mice §1-3 werky), (ntormadiste in monkonys (<42
work and loager 8 Sumans 03 yeard The length of the
padicnl can be sapecind 10 vary depeoding oa Lhe exient of
daraage o e medill femporal lobe memory sywiers asd oa
e cocne of normal loagettiag for the material belag westad,
15 alwo ety U mooe recesly svolved, mace compdes verte.
bvines harve et sioely develiping meemory Cvasoldalaa pro-
ceases thus shenpler venebrmed. Indeed, fhe time rogwired for
seproslatty 9. peacaly be sower i mon
COMOIEE PAYIRD STMEMS. 10 crample, an ndepanda. toc-
aexdary epelepdnn Sniun Prnr s focwsd in the bemapbete Comtes-
Iateral to the 3¢ of e artfically indeced primary epdicptic
lemon dowdops moet dowly in ca sad moskeyy than s frags,
s, and dbes (Wi, 1972)

Move than 100 yeurs hive passnd since Theodule Ridet S0
pointed out the lenfelnews of sascmory koas for past events and
Be relative pesaarvation of rrmnone memory PPracpecive stades
wvolving cxperimenca’ aaimali dow how 1his edeervaioe
ol be mierpreind Soarisg of remnote saetaasy it e i
ol beaod 20 tion of roroote
3 rroset cveom, becavas tpasiag of remone
MCINOCY CA3 0O0r & Amaesa oves whea Be resoss maneral
s comeonbeond Jess wall by sormal sebpecs Das recemly
learned maratiad. [n sddiion, sparieg of remote memory doc
oot refiect the sarvivel of particular components of mernocy
that did not depend & xvy tine after learziag 00 0 SIIUCtaos
Samaged 15 ameesia Father, D 1Aenomen0 & rescits frono Tve
fact that the Gasmaped sractares have onlly & bomgmnnry moie in

The concept of comsciidaton was ongirally advasced w x-
plaa metroactive loterforencs (Melier & Plizecikar, 1900) bat
und 5 segesl PPt @ e phesoroenon of retrogrede
scmmesia (Bornbam 1 %07) Sebscguently 3 larps body of expen
mened wock kntrated conviaciagly the seiliny of the concapt
of comolidation e D pAeaceracn of It
prade amaesia (MoGasgh & Gold, 1976, MoGangh & Herr,
19710 Moes recent wark with cxporemental arsesaly shows that
cetaladgea S costut (2 2 oag penod asd sagpests how
the Bippocampal formanca i avolved i the procoss. The M-
DOCAIPNE St saaadty (T (it o e3lablodisg
mﬂmn»uwhn-&w

ng-e‘!‘smwto

mma relrograde arascas can be mirzrmanved aa foi-
fowy
L. Wae demuge s lmized 2 O CAL mghos of buman
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NEMORY AND THE HEPFOCAMPLS

hopocampas, reuogede anscus o Srsed 0 8 penod of &
year & ] % tha mont,

1 o paterss wih more complene damage 3 the Mppo-
oanpal bemation, cetropiade amaesa Cas be ealeraive and
werepovally peadod acrots & docade o more. wilh sparing of
very obd memarns

). Hoppocampwl damage casses mtrograde mmoess for
nach facteal mSormsten asd svtobeigraphical, everdyuciic
invhor At oa.

4 The resrogracs amncsa rcpesacnty 8 loas of unable kaowi-
odge, 00t 3 hoss of aocessiniy e caa be overcome by madt)-
pie rrtnicval opporTusiles.

3. Rewograde aonsciih is & retrsewil Gefoll in the sense That
st momane: roteen ollowimg trasmend amsetic cpoodes
However, memory for ©¢ tie peraod ot befoce the onset of
acreesia is permantatly Jost. Morowr, £ canact be assamod
aat pant oot woukd peoovr £ e s aeek ¥ the
penod of amacus boled oager han ¥ typically does in tres-
$ant ammesa, Some claxical obwerwatioes on This point Gee
unwamumm—:mmun
ory bevornes progressively Soompanined 5o loag & U bppo-
camgal tyvsemn remaias Spafenctonal. The, when the rysien
sl /s normal functon geick iy = is inasient global anoe-
e, O memidies 0 0008 agaln aalable. However, if the
Tatere wort 40 remien ArsfuscUonsl S Bany weeks of doager
emery meght oot sooover 30 fully These cotadenstions sug-
oot that, msbir thas doxcribing retrogeade acmoctis & 4 re-
ieval defcll, 4 5 mory MowEe % dmaribe k& as 3 loxs of
accean, the sature of which o determuned By the states of e
Oy |8 12orage when amantsa ooty

6. Retrogreds amncsa i revealiod in Soats (hal roguire sso-
Sative memary 3 wail 22 in toats that sequire simpls recognd-
tioa on e basis of Swniliarky To &ate, thees haw boos 00
coevitcrag demeonlrnhoes T MUOErade amsesia oa be
mizgatad by chasging tesl procodues fFacepd in U theoret-

“cally wniodcresting case where two Sifferent tewts bave siszilar

ety on toth sormal pablects and amactic pationts, £, -
Sisistering » wut of moogaion Doy Inswad of 2 wst of
rocall.

7. . Wk with experisoental aefenals provides direct evi-
dence o padual comsolidation of memery duriag the period
of o Sparing and b the volvement of ! Nppocam-
put in this process. The Nppoosmpes i sequared lastially fae
the storage aced retrseval of memtory bat a0t alier sulkcient

tiese has pased.

Coacheswon

ity ia " I :
Lie_peronpeoa and
Jeeeeasy (Damasa, Spere, L a0 we

Siegee, 1990}, Connider for example the pooblers of ressember.
ing a vingle visusl objoct (Figare | 51 Activity iz 8¢ inferoten-
poral cortex farea TE) is believad 10 be important for process-
Ing Informasion abost the gealiy of the objece, aad activiey in
o denal corven faeea PG 0 bedurved 1o bee songuon A For pwaniess
ing mformation sbout The Joalinn of the ohpect in spoce ad s
relatioashnp to other obgects (Ungeriesder & Mohkia, 1982). If
s nowral activity is to cobere 1280 8 stabic decloive memory

2

Fpwe | ) Shwmatin towwiag of prense soocorex ogoder wik (e
TRy 40l Coanacom 0 the mvodisl bomgmend Jol mevnady e
Ve bechend b b bnguariand i establabing g wrm memany ot
wnd (PG = pacseal conex; TE = inferotempond cortex; THTH
panbppocancal cones, FRC = pevirbiasl cerves, BC =~ socontecdd
oo DG~ destan pyves 5 ~ sublocdess; CAS and CAY are Seoids of
(he Mppocampwn, From “Olosiag Kemarka” p 648, by L R, Sowin,
1990 in LR Sewiw and B, Lindealndy, The Bidogy o Mossory Soug-
g, Fodan] Raopublc of Germny: I K. Schathsser Vering. Copyrght
1990 by 1 K. Schamtnety Yeriag Adugand by perenasion)

then copwerpoat activity roest cocer withio asatocsical projec-
thons Hom these regioas Lo the madal temporal lobe memory
oo Propecicen Does O madial teeagonal bote %0 awedial
thalarss viractures woporiact for foroeg doclarve memory
are not ilestrated in the Figere. o addition, projections froen

Lot the modalismpoc pe x 5 the
Troanad hode pre preseded ¥ bedmguetan
of having perocived the visaal objoct Can persit

5 wrmes of NOACOSLCHONS TEmOry thal 3o Bot roguae e par-
taiparion. of thes spsem. First, e Dol Lzy G ssbengacoly per-
cowmg and detoctog The sannst Ohyel will indrease, and geefr-
a3 be infoenced. These prodects of cxpercnce depend cge-
Tually S0 CRANERS iN FAy41AQ8 SOOCASLAE SYSUTA |5 posuerr
peooorien. 1 is not edessary Thal & preesiiling reprmsencacon
of the pecept be svadable for sctration. In sddition, visesl
objocts cosdd sernve aa condzioncd stimaali §C3) ia clatsscal con-




-
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e or negatve valet, Al ctrre %0 vl any of several e
005, depedmg On e malver of the wvond Homed v
uwmmmﬁbmum..gi
iporiant S AsSa0ating powiive or negative value i the
o). and e ceoebeliom, Kr Scwloping the coaditianed re-
Q00sc dwtien it depends on shekenal masculatung

A vigsal obpect cocld sl serve i & Ssirimisative owe in an
operant condeionung pacadign, of is amy ourmber of wio-aley
habet doarming Lashs that svoleg the peadeal acquiucon of ob-
joct-cwand anocistoes TREse (ases A0(war 1o Jepend on an
i e noocoriea and the sicatum. Fisally
\:-“Irbﬁﬂ-lnc-m“w::m
cace with several difiarers obgectz, at beast wien claubcatos
bearming it based 08 csempians desorided by Ased ndes, THis
Tind of taoviodge cae develop independently of doclarative
memory Sor iadvidual objects. Addosgh 2o mibrmatioe i
availabie sbont the neeral Samg for cdazufcation learnicg, &z
ixterealing possitdliny s that @ wo Sepends on cortico-saracal

ssteraction,
arial Dt (e visual otject wa s
& parlonlag onscat, coque thad Al acracTon e exsablusbed
o 1 thme ol Soarsicg betwoes 10 SLOCOITCE aad the spadial
WEeeollobe_memory systomn Figare |3 shows progection
foom petative Tworks @ 300COMEX COprerping O the pars-
Rippocarnpal grrus fuets THTH] and perirtiinal cones (FRC).
These ropions is Lurn Ofiginge projocthoas 50 entortunal 0oe-
W, the gatoway © the bippocampat. Other rowtes fom peo-
QUnies 30 ealediieal cortex @ay alwo be importase, bat fully
- ey thiads o i oortaoal o gaats 16 the Jorutina a3l
FaAnbipPocazTIral cox ioes & A, 1987). Parther pro-
codung of the inpat coours o the seversl sebsdivisions of the

e off thexo stages, pomaibly &3 & seaulk of Magtore: posentiation

(AX7) Those piee of oouroplasticaly et as cogfenctions (hat
remponily bad together fhe arman in scocoriex (hat origh-
nuted (be comvmpees epet X |t pObG S3at 1 autical re-

ol

o (s yiew simukaneous and coondisated acswity in oo~
cortex b siiient e e Wk of peroepton and shon e
memary $0 long 28 & visusl obgndt B i view of i cend, &
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