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T he com posite ho log raph ic a ssoc ia tive recall/re cogn ition m odel (C H A R M ) is used

to p red ic t the am nes ia synd rom es tha t are expected under cond itions o f d isc re te

lesions to d iffe ren t com ponents o f the m ode l. T he com ponents tha t are needed to

a llow recogn ition , recall, and rehea rsa l a re: (1 ) pe rcep tual/lexical p ro cessing and

pa tte rn iden tific ation , (2 ) con sc iou sn ess o r w o rk ing m em ory , (3 ) asso c ia tion

fo rm ation , (4) com pos ite storage , (5 ) nove lty m on itor ing and contro l, and (6 )

re triev a l. D e fic its in each o f these com ponents w ill h ave sp ecific effec ts on

m em ory , genera ting cha rac te rist ic p ro f iles o f p erfo rm ance. C om parison of th e

pro files exhibited by pa tients to th e com ponen t-based profile s p red ic ted by th e

m ode l iden tify the com ponen t im paired in a g iven pa tient, and connec t the m em ory

im pa irm ents to th e unde rlying in fa rc ted b ra in st ru ctu re s. T he m ode l, thu s , rela tes

the m em ory tasks to the pa rticu la r m em ory com ponen ts tha t a llow enac tm en t o f

tho se task s, and show s how the dy sfunc tion o f par ticu lar com ponen ts p roduces

sp ecific im pa irm en ts .

INTRODUCTION

M ayes and Dow nes (th is issue) po int ou t tha t: ``M ost hypo theses abou t the

func tiona l defic its in am nesia have tended to assum e tha t the syndrom e is

unitary and has a sing le underly ing functiona l defic it’’ (p .4 ). T h is a rtic le

cha llenges that v iew , and proposes, instead , that d iffe ren t syndrom es of am nesia

can be produced as a resu lt o f the breakdow n of any one of severa l com ponen ts

o f m em ory , each of w hich w ill produce a charac teristic p rofile ind icative of the

locus of dysfunction . The m any d iffe ren t un itary fac tors that have been proposed

as the locus of am nesia inc lude encod ing, retrieval, in terference , sto rage ,

fo rge tting , type of in fo rm ation, fa ilu re of a tten tion , and failure of deep
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processing, to g ive a few . The un itary cause position is underm ined first o f all by

a strik ing lack of agreem ent over w hich fac tor is c ritica l. It is fu rther questioned

by the fac t tha t (a) d iffe ren t m em ory tasks d iffe ren tially show im pairm en ts or

the lack of im pa irm ents, (b ) resu lts from one lab often fail to rep lica te those of

o ther labs, (c) am nesics w ith d ifferent lesions show differen t pa tterns of

im pa irm ents, and (d ) there appears to be genera l agreem ent tha t norm al m em ory

itself is no t un itary but instead requ ires d ifferent com ponen ts to func tion . It thus

seem s reasonab le to exp lo re the a lternative v iew of hum an am nesia as a

m ultifaceted phenom enon w hose ana lysis m us t take accoun t of the com ponent

opera tions and the ir in teraction.

T o enab le a m ore deta iled understand ing of the necessa ry com ponents and

their func tion , I tu rn , here , to a fo rm al m ode l of hum an m em oryÐ C H AR M

(com pos ite ho lograph ic assoc iative recall m ode l)Ð w hich has been show n to

accoun t for a broad sweep of hum an m em ory da ta (M etcalfe , 1990 , 1991 ,

1993a ,b , 1994; M etcalfe E ich , 1982 , 1985). M y w orking assum ption is that each

of the com ponents needed in the form al m ode l, to a llow it to enac t the tasks tha t

norm al hum ans can perfo rm , is anatom ica lly disc rete (though connec ted to other

com ponen ts and interac tive) and could break dow n separa te ly . In th is paper, I

ou tline the im plica tions of dysfunc tion in each of the com ponen ts in term s of

w hich tasks a re expec ted to show im pairm en t, and also in term s of the reasons

fo r those im pairm en ts. To the extent that diseases and infa rcts in hum ans affect

com ponen ts in a correla ted m anner, ra ther than ind iv idua lly , the analysis given

here w ill be oversim plified . A lthough the loca lisa tion of com ponen ts is a top ic

of g reat in terest and im portance, the form al m ode l itse lf does no t stand or fa ll on

the assignm ent o f com ponen ts to ana tom ica l loca tions.

AN OUTLINE OF CHARM

T he basic com ponen ts o f the C H A R M m odel a re show n in Fig . 1 . T he m odel

assum es tha t sensory, percep tual, lexica l processing , and iden tification of even ts

have already occurred befo re events are at the level o f p rocessing necessa ry for

encod ing , storage , and retrieva l in the ep isod ic m em ory system w hich is deep ly

em bedded in the cogn itive system . Form ally , the even ts in the m ode l a re

represen ted as m ultidim ensiona l vec tors o f fea tu res that m ay vary in the ir

sim ila rity to one ano ther, and over which a ttentional focusing m ay highligh t

som e featu res and no t o thers. T wo such item s, a t the level o f consciousness (or,

in w orking m em ory) , m ay be assoc iated with one ano ther by the opera tion o f

convo lution , wh ich w eaves a ll o f the featu res in to a com plex new assoc ia tive

vecto r. M ultip le assoc iations are stored by being superim posed or added in to a

com posite m em ory trace , w h ich is itse lf a vec tor. The w eigh ting on the

assoc ia tion be ing ente red into the com posite trace is dete rm ined by a m onitoring

and con trol c ircu it tha t ca lcu lates nove lty or fam iliarity and ad justs the

w eigh ting of the incom ing even t as an inverse func tion of its sim ilarity to the
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FIG . 1 . A n ov e rv iew o f C H A R M . T he co m po n en ts a re (1 ) the pe rc ep tu al sys tem an d lex icon , (2 )

w ork in g m em o ry or co nsc io u sn es s , ( 3 ) a ssoc iation fo rm a tio n b y co n vo lu tio n , (4 ) the co m p os ite

m em ory tra c e , (5 ) no v el ty m on ito rin g an d co n t ro l , a nd (6 ) r et rie v al by corre lat io n .
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com posite trace. A t tim e of test the re trieval cue , itself a vec tor o f fea tures tha t is

availab le to consc iousness, is corre la ted with the com posite m em ory trace

resu lting in a retrieved vecto r, w hich is a lso a t the level o f consc iousness. T his

re trieved item m ay be system atically d istorted and is a lw ays no isy. Therefo re

the re trieved item m ust be iden tified (again in the lex icon or perceptual

p rocesso r) if a disc re te w ord is to be the response, o r som e other decision, such

as a recogn ition judgem ent, m ust be m ade . T he im plica tions of se lective

im pa irm ent in each of these com ponen ts is g iven in sum m ary form in Tab le 1

and discussed in the sections tha t follow .

TABLE 1
CHARM M odel Predictions

C o m p on en t D a m ag ed Im p aired S p ared

P e rcep tu a l a n d Lex ica l

p roce ss in g

d e fic it n o t lab e lle d am n es ia

W o rk ing M em o ry

M ild to M o de ra te

Im p a irm en t

sp an cu ed re c a ll

fre e re c a ll

re h ea rsa l (e labo ra tiv e an d ro te)

p rim ing

ca teg or isa tio n

re co gn it io n

n o rm al fo rg e tt in g

n o ve lty re spo n se (V o n R es to rff )

re lea se fro m P I

p rim acy

sp acing e ffe c ts

fe e ling o f kn ow ing ju dg em en ts

S eve re Im pa i rm en t sp an

cu ed re c a ll

fre e re c a ll

e lab or at ive re h ear sa l

fo rg et tin g ra te

re co gn it io n

p rim ing

A sso c ia tio n form a tio n

(c o nvo lu tion)

M ild to M o de ra te g ra c ef u l d egra d a tio n o f eve ry th ing g iv en u nd e r sev e re im pa irm en t

S eve re Im pa i rm en t cu ed re c a ll

fre e re c a ll

e lab or at ive re h ear sa l

b in d ing ta sks , w ith in item s

fo rg et tin g ra te

n ew assoc iat io n ``p rim ing ’’

an te ro gra de am n es ia

sp an

p rim ing

ca teg or isa tio n

fa m i lia ri ty-ba sed re co g n i tio n

n o ve lty re spo n se

re lea se fro m P I

p rim acy

sp acing e ffe c ts

fe e ling o f kn ow ing ju dg em en ts

re t rog ra de am nes ia
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Perceptual Identification, Lexical and Response
Processing

Normal Functioning

It is assum ed tha t even ts that im pinge upon the senses a re percep tua lly

ana lysed prio r to en try into the ep isod ic m em ory system . Such even ts m ay be

characterised as pa tte rns of featu res, o r as vecto rs, and if these even ts a re w ords

they ac tiva te a represen ta tion in a pre -ep isod ic m ental lexicon . Fu rthe r

p rocessing in the ep isodic m em ory system , then, is p red icted upon percep tual

ana lysis. P lasticity m ay occur in this p re -ep isod ic system Ð it is not assum ed that

only the ep isod ic m em ory system exh ib its p lasticity . H ence , peop le can learn

sk ills, concep ts, categorisa tions, and show adaptive respond ing or learn ing and

cond ition ing to a varie ty of stim uli tha t m ay never en te r in to the ep isod ic

m em ory system . This m ode l, then , is consistent w ith the v iew s of o ther theorists

(M ishk in & Petri, 1984; M oscovitch , 1982 , 1992; O ’K eefe & N ade l, 1978,

C o m po site M em ory T ra ce

deg ra ded pe rfo rm ance on a ll

e p iso d ic m em o ry fu n c tio ns

bo th re tro g rad e and an tero g ra d e

am nes ia

sp an

p rim ing

ca teg ori sation

fa m il ia rity -b as ed reco g n i tio n

n ov e lty re sp o nse

re le a se from P I

p rim acy

sp ac ing e ffe ct s

fe e ling of k no w in g jud gem en ts

N o vel ty M on ito r ing a nd

C o ntro l

fe e lin g o f k no w in g ju dg em ents

re le a se fro m PI

no v e lty re sp o nse :

V on R es to rf f e ffe ct & P 30 0

spac in g e ffe c ts

exace rb at ed in te rfe re n ce

pr im acy

hab itua tion

m em ory ta sks enh an ce d by

c lu s te rin g an d ca teg ori sation

sp an

p rim ing

re co gn it io n

cu ed re c a ll

R e tr ie va l im p a ired p e rfo rm ance o n al l

e p iso d ic m em o ry fu n c tio ns

bo th re tro g rad e and an tero g ra d e

am nes ia

sp an

p rim ing

fluen cy-ba sed r ec o gn it io n
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Schac ter, 1987 ; Squ ire , 1992 ; T ulv ing , 1985) w ho distinguish am ong a core

ep isod ic system and other m ore peripheral system s tha t underlie sk ill e ffects,

p rim ing effec ts, com prehension, m otor and lingu istic com petence , and lea rning .

M ayes and D ow nes (th is issue) no te tha t am nesics sh ow sparing of

in te lligence as m easured by the W echsle r A dult Inte lligence Sca le. P resum ably

the tasks on th is test (aside from those on the m em ory scale ) can be enac ted by

the percep tua l/m otor/lex ica l system tha t ex ists outside the episod ic m em ory

system proper. A well-estab lished phenom enon in the am nesia literatu re is tha t

repetition and assoc ia tiv e prim ing m easured by lex ical dec ision , fragm ent

com pletion, hom ophone spelling , free associa tion , and w ord iden tification tasks

a re spared even though recogn ition and recallÐ episod ic m em ory tasksÐ are

im paired (B uschke, 1965 , 1968, 1984 ; G ardner, B o lle r, M orienes, & Butters,

1973; G raf, Sh im am ura , & Squire, 1985 ; G raf, Squ ire , & M andle r, 1984 ; Jacoby

& W itherspoon, 1982 ; M oscov itch , 1982 ; Schac ter, 1987 ; Sh im am ura , 1986).

T h is resu lt is consistent w ith the struc ture of the m ode l in w hich it is necessary

to go through the percep tual system to ge t to the episod ic system . Even if the

ep isod ic system were dam aged , the perceptual system and the lex icon feed ing

in to it could support the prim ing effec ts and the effects o f sk ill lea rn ing .

Memorial Consequences of Impairment of Functioning

If the percep tua l system , the lex icon , o r the ou tpu t system were dam aged in

iso la tion , the syndrom e would no t be labe lled am nesia , bu t rather aphasia ,

agnosia, anom ia , p rosopagnosia, dyslex ia, co rtical b lindness or deafness, and so

on , depend ing on the na ture and location of the deficit. Im pairm en ts in these

system s w ill have consequences for later rem em brances of the even ts tha t

occurred, of course .

Consciousness/W orking Memory

Normal Functioning

If item s are to be assoc ia ted w ith one another (allow ing late r re trieval) then

they m ust be capab le of existing in a w ork ing m em ory buffe rÐ availab le to

consc iousnessÐ such that they can participa te in the assoc ia tive opera tion .

W ithout a tem poral sto re, ho lding a t least two m ental item s, the ep isod ic

m em ory system could no t function . In fac t, it appears that hum an w ork ing

m em ory can ho ld m ore than the m inim al tw o item s. Furtherm ore, re trieva l, in

the m ode l, b rings back in to consciousness or w orking m em ory represen tations

of past events.

It is assum ed tha t a particula r level of rep resen tation , w hich I have ca lled the

``item ’’ level (M etca lfe & M urdock , 1981), is needed for phenom enological

aw areness. If rep resen tations are no t ye t transform ed to th is form , or if they are

fu rthe r transfo rm ed beyond this fo rm , they are not consc iously in te rpre tab le. An
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ana logy m ay be useful. W e can on ly hear sounds w ith in a certain bandw idth .

B ut, if it se rves our purposes, sounds can be transfo rm ed so that w e can no

longer hear them , by opera tions such as frequency m odulation . Rad io w aves are

hearable sounds tha t have been so transfo rm ed for transm ission th rough the a ir.

W ith the help of a rad io rece iver these signa ls can be reconverted in to a fo rm

tha t is aga in availab le to our hearing sense . S im ila rly , it is p roposed tha t there

a re fo rm s of ac tive neural rep resen ta tions that a re no t ava ilab le to our consc ious

sense (e .g . the patterns tha t exist on the re tina or a t the level of the cochlea, o r in

m em ory proper), and a fo rm of represen tation that is ava ilab le to consc iousness .

Th is level o f rep resen ta tion ex ists after lex ica l and percep tua l rep resen tation and

processing , and before associa tion fo rm ation and sto rage in ep isod ic m em ory .

Item s a t th is leve l o f rep resen tation can ex ist in w orking m em ory , and focal

a ttention m ay be direc ted to them . T his leve l o f rep resen ta tion is a necessary but

not su ffic ien t cond ition fo r en try in to the episod ic m em ory system .

T he an a tom ica l loca t ion of w ork ing m em ory is unde r inv estig a tion .

G oldm an-R ak ic (1987) has dem onstrated tha t particu lar neurons in the fron tal

cortex of m onkeys fired se lec tive ly w hen the stim ulus w as no t p resen t but was

being ``held in m ind’’. O ther resea rchers have im plicated the occip ita l and

parieta l lobes in re lated func tions, so w ork ing m em ory m ay or m ay not be

restric ted to fronta l co rtex . B adde ley (1986 , 1994), Shallice (1993), and o thers

(M cG lynn & Schacte r, 1989; S tuss & Benson , 1986) have suggested tha t the

fron ta l lobes m ay be im plica ted in the cen tra l execu tive and con tro l functions of

w orking m em ory , as w ell as in the func tion of ho lding item s in m ind .

Memorial Consequences of Impairment of Functioning

Attentiona l D isorder. A n im pairm en t in w orking m em ory, as is som etim es

seen in A lzhe im er’s, K orsakoff, and fronta l lobe patien ts, m igh t not a lw ays be

labe lled am nesia, bu t cou ld ra ther be diagnosed as an a tten tional o r a

m otivationa l defic it.

Im pa ired Span W ith N orm al Long-term M em ory . M easurem ent o f a

patien t’s m em ory span prov ides a m ethod of assessing the in teg rity of the

w orking m em ory com ponent. T he CH A R M m odel is resilien t to very restric ted

w orking-m em ory capac ity lim itationsÐ an im pairm en t in th is system w ill only

show up as an im pairm ent in the rem ainder o f the ep isodic system if the deficit

is so severe that the person canno t ho ld two item s in w orking m em ory . If span

sinks be low tw o, the m odel p red icts that the person w ill be unab le to form inter-

item assoc iations. In the absence of in ter-item assoc iations, rehearsa l w ill be

im paired , a lthough the system m ay be able to enact rote repetition of one item .

N ote , how ever, tha t a patien t cou ld show considerable dev ia tion from norm al

w orking m em ory span and still be w ell above the leve l necessa ry fo r adequa te

assoc iative processing , rehearsa l, and retrieva l from the core ep isod ic m em ory
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system , accoun ting for the som etim es-observed find ing of a w orking or short-

te rm m em ory im pairm en t in the absence o f a long- term m em ory deficit (Sha llice

& W arring ton , 1970). A n alternate exp lana tion g iven by B adde ley and Hitch

(1974) is tha t work ing m em ory has th ree com ponen ts, and cou ld re ly on

a lternative com ponen ts g iven im pairm ents. A lthough it is like ly that w ork ing

m em ory is com plex and m ay have separable com ponents, we m ay a lso have

overestim ated the requ irem ents fo r en try of assoc iations into long-te rm ep isod ic

m em ory, as suggested by CH A R M .

T he defic its tha t fo llow refer to im plica tions of severe restrict ion of w ork ing

m em ory, below the m inim um requ irem ent o f tw o item s. A s long as the capac ity

is no t restric ted be low tw o item s, all o f these functions m ay be norm al, even in

the presence of abnorm ally low span m easures.

Im paired Associative R eca ll bu t U nim paired R ecogn ition . If a person

canno t m ain ta in tw o item s in consciousness he or she w ill be unable to enac t

in ter-item assoc iations. U nder such cond itions, re trieva l-based recogn ition

m em ory, w hich depends on ly on the assoc iation of one item w ith itse lf, m ay be

in tac t, bu t cued reca ll, w hich depends on inte r-item assoc iation, w ill be

im pa ired . H irst e t a l. (1986) and H irst, Johnson , Phelps, and V olpe (1988) found

th is resu lt w ith am nesic pa tien ts (c f. Squ ire et al., 1990).

Im paired E labora tive R ehearsa l. R ehearsal is a p rocess requ iring exp lana-

tio n because th e to -be-re hearsed item s are no t them se lves ava ilab le to

consc iousness. Therefo re, in the m odel, rehearsa l, like recall, en tails re trieva l.

R ehearsal depends on the tw o item s in consc iousness first being associa ted .

T hen one of the item s that is ava ilab le to consciousness is used as a re trieva l cue

(see M etcalfe & M urdock , 1981). Th is conscious item is correla ted w ith the

com posite m em ory trace to re trieve a representa tion (o f the assoc ia ted item ) tha t

is itself in a fo rm available to consc iousness and which can be iden tified by the

lexicon and used as a retrieval cue to bring a diffe ren t item (w ith w hich it was

assoc ia ted ) in to consc iousness. O ne item retrieves the o ther until a new item

enters consc iousness from the senses ra ther than from m em ory . T hat new item is

assoc ia ted w ith w hatever is be ing rehearsed , and is then itself used as a retrieval

cue, to con tinue the process of rehearsa l.

T his sim ple rehearsal loop produces pa tterns of da ta like those found in

stud ies o f overt rehearsa l (e.g . R undus & A tkinson, 1970 ; M urdock & M etca lfe ,

1978). Peop le rehearse item s in a backw ard graded func tion in w hich , in any

g iven rehearsa l in te rva l, they say the last item m ost frequen tly , the nex t to last

item nex t m ost frequen tly , and so on . The rehearsal loop in the m ode l p red icts

that one would m ostly th ink abou t o r rehearse even ts from the c lose past, but

o cca siona lly rehearse ev en ts f rom the d is tan t past (depend in g on the ir

connec tions or associa tions to the presen t). O nce peop le are rehearsing even ts
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from the m ore d istan t past, they w ould tend to rehearse even ts tha t w ere

assoc iated w ith them for a period of tim e befo re once again being pulled into

m ore ongo ing presen t though ts.

If w orking m em ory is so severe ly lim ited tha t on ly a sing le item can be

m ainta ined , then elabora tive rehearsal, w h ich is based on assoc ia tive recall,

cannot occur and on ly a sing le item w ill be repeated. C erm ak , Naus, and Rea le

(1976) stud ied the overt rehearsa l patterns of K orsakoff patien ts. They found the

patterns of data p roduced by these pa tients to be abnorm alÐ the Korsakoff

patien ts tended on ly to rehearse the last w ord that w as presen ted , w hereas

norm als rehearsed a num ber of d iffe ren t w ords toge ther, during any particu lar

rehearsa l in terva l.

R ate of F orge tting . If rehearsa l causes the rehearsed even ts to be stored in

the com posite trace (see B jork , 1988 ; R undus & Atk inson , 1970 , fo r ev idence

bearing on the idea that re trieva l o f an even t, and no t just its in itial study

presen ta tion , is causa l in tha t even t’s later m em orability) then the psycho logical

p rocess o f rehearsa l m ay correspond to the construct o f conso lida tion used in the

neurosc ience lite ratu re . Furtherm ore , if e labora tive rehearsa l allow s even ts from

the non-im m ediate past to be re -en tered into the com posite trace, then the ra te o f

fo rge tting w ill be re lated to the exten t to which the person is able to enac t th is

k ind of rehearsa l. If rehearsa l is prevented or im paired , the forge tting curve w ill

be steeper than if rehearsa l is norm al. One w ould , the refo re, expec t tha t patien ts

w ho have a severe im pairm en t in w orking m em ory (to the ex ten t tha t they

cannot ho ld tw o item s and consequen tly cannot associa te and rehearse norm ally)

w ill secondarily exh ib it abnorm ally prec ipitous fo rgetting .

Free R eca ll. W hen norm als a re asked to free recall, their reca ll pro toco ls a re

rem in iscen t o f their rehearsa l p rotoco lsÐ they reca ll a variety of item s from the

end of the list im m ediatelyÐ apparen tly cha ining from one item to ano ther

through an assoc ia tive netw ork (see M etcalfe & M urdock , 1981), and then sh ift to

the sta rt o f the list, cha ining aga in through assoc ia ted item s. A ccord ing to C erm ak

e t a l. (1976) , K orsakoff patien ts’ free reca ll is severe ly lim ited , consisting

prim arily of the last item presentedÐ m uch as w ould be expected if they w ere

unab le to fo rm the in ter-item associa tions necessary fo r such cha ining (eithe r

because the associa tive opera tion is im paired or because of severe restric tions of

w orking m em ory). Indeed , a ll tasks that requ ire m em ory for m ore than one item

w ill be im pa ired if the re is such a severe deficit in w orking m em ory .

Association Form ation or Binding

Normal Functioning

In th e m o d e l , tw o i te m s , re p rese n te d a s v ec to rs (a t th e le v e l o f

consc iousness), m ay be assoc iated by the opera tion of convolu tion , whereby
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a ll o f the featu res w ith in the tw o item s are bound to one another. The assoc iation

is a com plex interactive com bination of all the fea tures o f one item w ith all the

featu res o f the o ther. T h is transform ation renders the assoc iation consc iously

un inte rpre tab le, and re trieva l is needed to re tu rn eithe r item to a consc ious fo rm .

In ter-item assoc iations a re needed to a llow one item to prov ide a re trieva l cue

fo r ano ther item ; au toassocia tions underlie recogn ition m em ory , a llow ing an

item to retrieve a representa tion of itse lf.

Memorial Consequences of Impairment of Functioning

B ecause all o f the e lem ents w ith in and across item s are in terw oven by the

opera tion of convolu tion , th is m odel is a d istribu ted-m em ory m ode l, and w ill

exhib it g racefu l degradation of info rm ation w ith im pairm en t or lesion to th is

com ponen t. O nly if the entire association com ponen t is com plete ly lesioned w ill

the assoc ia tion or b ind ing function fa il en tire ly .

A nterog rade But L ittle R etrograde A m nesia . B y som e view s of hum an

m em ory, particu larly those asse rting that rem em ber ing consists o f redo ing the

sam e operations enac ted in encod ing, the fac t tha t am nesics frequen tly show

anterograde but no t retrograde am nesia is puzz ling . The d issociation is,

how ever, consisten t w ith the com ponen tia l m ode l in w hich associa tive encod ing

is one k ind of opera tion (convo lution) and is assum ed to take p lace in a different

b ra in loca tion from storage and from retrieva l, w h ich is a d ifferent k ind of

opera tion (corre lation). B y this v iew , once even ts have been associa ted and

sto red in the com posite m em ory trace , dam age to the area in w hich the

assoc ia tion form ation is conduc ted (p resum ably the h ippocam pus) w ill large ly

spare the m em ory for the even ts that have already been assoc ia ted and sto red ,

a lthough new assoc ia tions m ay not be laid down. Thus, as in the case of HM

(Scov ille & M ilner, 1957) or RB (Zola -M organ, Squ ire, & Am aral, 1986), in

w hich the h ippocam pal dam age occurred w ith an acu te onse t, new assoc ia tions

and exp lic it m em ories tended no longer to be fo rm ed after the dam ageÐ

resu lting in an terograde am nesia in the absence of notab le retrograde am nesia .

T here is one caveat to the c laim that w ith dam age to the assoc iation

fo rm ation com ponent , the re w ill be little if any retrograde am nesia . Rehearsal

m ay m ediate the storage process of even ts a fter the tim e of nom ina l acquisition .

In so far as rehearsal is needed to a llow m em ories to be conso lidated , and

rehearsal is im paired w hen the convo lution or assoc iation fo rm ation com ponent

is dam aged , it fo llow s tha t the re shou ld be som e re trograde am nesia for even ts

that were show n prio r to the am nesia-induc ing traum a because they w ill rece ive

less rehearsa l than they norm ally w ould.

R elational M em ory . If assoc iation fo rm ation w ere selective ly im pa ired ,

then m em ory tasks tha t requ ire the establishm ent o f new relations shou ld be
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im paired , as is frequen tly seen in the da ta. Thus, the tasks of cued recall,

re t riev a l -b ase d re co gn it io n , f re e re ca l l, an d reh ea rsa l sh ou ld a ll sh ow

im pairm en t. Indeed , a ll ta sks tha t requ ire the generation of m ore than one item

(at a de lay tha t allow s that w orking m em ory is no t im pacting on perfo rm ance),

o r that depend on having bound the e lem ents w ithin an even t toge ther (as in

re triev a l-b ase d rec ogn ition ), shou ld show im p airm en t if the assoc ia tion

opera tion w ere im paired .

Spared Item B ut Not N ew -associa tion P rim ing . The m odel pred ic ts that

com plete obliteration of the assoc iation fo rm ation operation shou ld still a llow

spared item prim ing , v ia the lex icon and percep tua l system s, but, because

assoc ia t ion fo rm at io n b e tw ee n ev en ts re p re sen ted be yo nd th e lev e l o f

consc iousness (although no t the sim ple assoc ia tions underly ing c lassically or

operan tly conditioned responses) is though t to occur only in the convolu tion

com ponen t, pa tients w ith com plete inab ility to fo rm new associa tions should

show im paired prim ing of new associa tions. G raf and Schac ter (1985) presen ted

subjec ts w ith unre la ted pa irs, such as W IN D O W ±R EA SO N , eithe r em bedded in

a m ean ingfu l sen tence or sim ply as pa irs. Sub jec ts w ere then g iven a stem

com pletion task , either w ith the sam e con tex t (W IN D O W ±R EA ____) or a

d ifferen t con tex t (O FFIC E R ±R EA ____). B oth norm als and am nesics benefited

from the list context, in con trad iction to w hat the m ode l w ould , a t first b lush ,

p red ic t. H ow ever, th is p rim ing m ay have resu lted because of feedback from a

partia lly intact associa tive com ponent. A s the associa tion form ation operation in

the m odel is d istribu ted , partia l dam age is possib le and the resu lt w ould be

``gracefu l degradation’’ of new associa tion ``p rim ing’’. Schacte r and G raf

(1986) reported tha t the assoc iative effect on ly occurred for m ildly am nesic

pa tien ts, and w as no t found w ith severe ly am nesic sub jec ts. S im ila r ly ,

Sh im am ura and Squ ire (1989) found no assoc ia tive prim ing effect w ith patien ts

w ho show ed severe am nesia. G raf and Schacter’s (1985) orig ina l resu lts do

poin t to feedback from the episodic system onto the lex ical system in norm als

and m ildly am nesic pa tien ts, as do o ther resu lts such as sub tle d ifferences in the

tem pora l course of prim ing effec ts in norm als and severe am nesics.

R ecogn ition M em ory. Recogn ition m em ory responses, in the m ode l, can

stem from two sources. F irst, the norm al recogn ition procedure in the m odel

invo lves re trieval from the com posite m em ory trace . The recognition probe is

corre lated w ith the com posite trace , and then the item tha t is re trieved is

m atched to the probe. If it m atches, above a certa in c riterion , then the m odel

calls that item old. H ow ever, recogn ition cou ld , under som e circum stances, a lso

be enacted by assessing the fluency of prim ed item s in the lex icon or percep tual

system (see Jacoby , K elley , & D ywan , 1989 , and a lso see M andle r, 1980). T he

fo rm er k ind of recogn ition should suffer from im pairm en t to the assoc iative

opera tion ; the la ter kind shou ld be unaffec ted .
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M ishk in and M urray (1994) have reported tha t m onkeys w ith surg ica lly

induced bilate ra l h ippocam pal lesions w ere ab le to enac t an ob ject-recogn ition

task. A ssum ing tha t the h ippocam pus is the site of assoc ia tion fo rm ation or

b inding, it w ould appear tha t one would have to account fo r th is resu lt by

recourse to the possibility that recognition in their task w as based on featu re

fluency ra ther than on event re trieva l. Indeed, no th ing in the ir task fo rced the use

of assoc iative coding or b inding info rm ation . T he m ere fam ilia rity w ith or

fluency of the parts o f the objects w ould have been suffic ien t to allow the

m onkeys to distingu ish the o ld probes from the new probes. In con tras t, K roll et

a l. (1996) used recogn ition tasks in w hich a ll of the e lem ents o r fea tures w ith in a

probe , in the critica l cond ition , w ere o ld , hav ing occurred in d iffe ren t events at

tim e of study . For exam ple , sub jec ts saw a list o f faces a t tim e of study . A t test

som e of the probe faces consisted of the eyes and nose of one face inserted in to

the background of ano ther face (see Reinitz, L am m ers, & Cochran , 1992). On

the basis on ly of fam iliarity o r fluency of the parts, these faces (and other

sim ila rly construc ted stim uli) should have been ca lled o ld, as all o f the parts had

been seen in the previously stud ied list. To dete rm ine tha t these con junction

even ts w ere new , the sub jec t needed to be ab le to access wha t info rm ation had

co-occurred in the prev ious listÐ a kind of know ledge tha t is derivable , in

C H A R M , on ly as a resu lt o f the assoc iative opera tion of convo lution . N orm al

sub jec ts w ere m ore ab le to correc tly re jec t these con junctions than were pa tients

w ith h ippocam pal dam age , w ho tended incorrec tly to accep t them as old .

In teresting ly , on the item s that w ere ac tua lly o ld as com pared to item s that w ere

en tire ly new , the pa tien ts perfo rm ed norm allyÐ a resu lt consisten t w ith those of

M ishkin and M urray (1994).

F inally, it has been show n (M etca lfe E ich, 1985) tha t sim ila rity e ffec ts due to

the stud y con tex t in recogn ition m em ory , and levels o f p rocessing effects in

recogn ition m em ory, a re a ttribu table , in C H A RM , to the associa tive opera tion .

T hus, these shou ld fa il to show up w ith ex trem e dam age to the assoc ia tive

opera tion (even though noncontextua l recogn ition m igh t be spared).

Spared C lass ifica tion. To the ex tent tha t classification perform ance does

no t depend on w ith in-even t b ind ing , the m ode l p red ic ts tha t classification

perform ance m ay be spared desp ite dam age to the system underlying assoc iation

fo rm ation . I have conduc ted extensive com puter sim ulations of the m odel on

th is parad igm , and in general they show tha t the bind ing opera tion in the m odel

resu lts in hyperspec ific ity. T hus, w ith im pa irm en t to the assoc ia tive opera tion ,

the m ode l p red ic ts not a fa ilure of c lassifica tion , bu t ra the r good generalisation

to ca tegorica lly sim ilar events. K now lton and Squire (1994) have show n effec ts

o f spared c lassifica tion in am nesic patien ts.
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Com posite M em ory Trace

Normal Functioning

M ultiple assoc iations are stored , in C H A R M , by being superim posed or

added into a com posite m em ory trace. B ecause of the use of the opera tions of

convo lution and corre lation, the CH A R M m odel is said to be ``ho lograph ic’’. In

physical hologram s, if som e part of the film is destroyed the sto red im ages m ay

still be reconstructed , bu t the reconstruc tion w ill be less c lear than it wou ld have

been had the entire film been used in the reconstruc tion . S im ilarly, in the m ode l,

if pa rt o f the com posite m em ory trace w ere ab la ted , the rem aining part o f the

com posite m em ory trace w ould allow reconstruc tion (a lbe it degraded) of en tire

m em ories.

Memorial Consequences of Impairment of Functioning

If b rain dam age resu lted in partia l trace loss and no thing e lse, then ,

according to C HA RM , the trace would still support at least som e recall,

recogn ition, cued recall, and so on , a lthough m em ory w ould be degraded . It is

extrem ely rare tha t a pa tient is unab le to rem em ber any th ing from his or her

past. To m y know ledge, the re is on ly one pa tien t w ho m ay be an excep tion to

this general ru le. Tha t pa tient, KC , is reported to be unab le to re trieve any

episod ic in form ation abou t any even ts tha t occurred in his life , e ithe r befo re or

a fte r the m otorcycle acc iden t that w as the cause of h is am nesia (T u lving ,

H aym an , & M acDona ld, 1991 ; T u lving , Schacte r, M cLaughlin , & M oscov itch,

1988), such as m ight occur w ith to tal trace loss. H ow ever, KC ’s lesion is bo th

extrem ely ex tensive and diffuse, suggesting tha t cau tion needs to be exerc ised

in in terp reting h is deficit.

Novelty Monitoring and Control

Normal Functioning

A nove lty m onitoring and con trol circu it is needed and em ployed in C HA RM

(M etcalfe, 1993b). T h is circu it assesses the novelty of the incom ing assoc ia tion

w ith respec t to the pre-ex isting com posite trace , and com putes a global

fam iliarity va lue . The va lue is assum ed to prov ide the info rm ationa l basis for

feed ing-o f-know ing judgem ents. T o stab ilise the com posite m em ory trace, the

m onitoring/con tro l c ircu it dam ps dow n the inpu t in to the trace as an inverse

func tion of the com puted novelty /fam ilia rity va lue . N ove l even ts a re given h igh

w eigh tings in m em ory; fam ilia r even ts are g iven low w eigh tings. T his c ircuit

so lves an inheren t prob lem in the basic m em ory system . By so do ing, it p roduces

an adap tive m em ory system tha t is responsive to novelty and rela tively

unresponsive to a lready lea rned even ts. Im pairm ent o f th is c ircu it should g ive

rise to a characte ristic nove lty -based deficit syndrom e outlined later. T he
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thum bpr in t o f this am nesic syndrom e show s up w ith K orsako ff and som etim es

fron ta l lobe pa tients.

Memorial Consequences of Impairment of Functioning

F ee ling of K nowing. It has been argued tha t fam iliarity-based fee ling of

know ing judgem ents a re based on the com puta tion g iven by the nove lty or

fam iliarity of the cue (M etca lfe, 1993a ,b , 1994). A num ber of experim en ts have

show n tha t the feeling-o f-know ing judgem ent is a ffected by m anipu lations tha t

a lter the cue fam ilia rity , as p red icted by the m ode l (M etcalfe, Schw artz , &

Joaqu im , 1993; Reder & R itter, 1992 ; Schw artz & M etcalfe , 1992) bu t no t by

m anipu la tions tha t a lter the re trievab ility o f the target itse lf. Converg ing

ev idence fo r th is proposal has been given by M etcalfe (1993b). Shim am ura and

Squ ire (1986) have show n that Korsakoff pa tien ts show abnorm al patterns on the

feeling-o f-know ing task . O ther am nesic pa tien ts do not show im pairm en t on th is

task. Janow sky , Sh im am ura , and Squ ire (1989) have show n that fronta l pa tients

(w ho m ay have novelty-c ircu it im pairm en t w ithou t dam age to o ther parts o f the

m em ory system ) also show se lec tive im pairm en t (a lthough no t as severe as the

K orsakoff pa tien ts) on the fee ling-of-know ing task .

R elease F rom PI. In the release from proactive inh ibition parad igm ,

sub jec ts a re presen ted w ith several tria ls of to-be-rem em bered triads from a

sing le ca tegory. Perform ance decreases w ith each successive triad . Th is is

expec ted as an offshoo t of the fam iliarity m onitor because the trace is becom ing

m ore and m ore like the triads w ith each successive presen ta tion , and so

fam iliarity o f the incom ing item to the trace is inc reasing , and the w eigh ting on

successive triads w ill decrease . W hen the m ateria ls are sh ifted to a new

ca tegory , sub jec ts’ perfo rm ance increases. In the m ode l th is occurs because the

d ifferen t-category triad is nove l w ith respec t to the already encoded even ts in the

trace , and hence is assigned a h igh w eigh ting . Several stud ies have show n tha t

K orsakoff am nesics have abnorm al re lease from proac tive inh ib ition (C erm ak ,

B utte rs, & M ore ines, 1974; Squ ire, 1982; W inocur, K insbourne , & M oscov itch ,

1981). Squ ire’s study is o f particu lar inte rest because o ther am nesics do not

sh ow th is im pa irm en t. S om e s tu d ies su gg e st f ron ta l inv o lve m en t (se e

M oscov itch , 1982; c f. Pe trides, 1995), a lthough stud ies w ith fron ta l pa tients

have som etim es been equivocal (perhaps because the prec ise loca le o f th is

c ircu it w ith in the fron tal lobes is unknow n).

V on R estorff E ffec ts and P 300s. Von Resto rff e ffects p rov ide another

s tra igh tfo rw ard exam ple of a m em ory effect a ttribu tab le to the nove lty

m onito ring system . A list of w ords from one ca tegory is p resen ted to the

sub jec t. One of the w ords, how ever, is from a differen t ca tegory . T hat different

w ord is rem em bered better than would have been the case had the item in its
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se ria l position been from the background ca tegory . In the m ode l, the von

R estorff effect occurs because the nove lty m onitor assigns the nove l word a h igh

w eigh ting . A n even t rela ted po ten tia l de flec tion called the P300 (or som etim es

the ``late positiv ity’’, Pic ton , 1993 ; Su tton , B raren , Zub in , & John , 1965) is

rela ted to von R esto rff e ffec ts (Fab ian i, G ratton, C h iarenza, & D onch in , 1990 ;

Fab ian i, K aris , & D onch in, 1986). It is p lausib le to suppose tha t it, too , is

ascribab le to the nove lty m onito ring c ircu it (M etcalfe, 1993a). In particula r, the

c ircuit m us t m atch the incom ing event to the trace (presum ably in the

h ippocam pus), assess its novelty (presum ably a fron tal func tion), and feed back

a signa l to m odulate the w eighting of the assoc iation in the trace . Th is latte r step

m ay re la te to the synchronous firing in the h ippocam pus tha t is responsib le for

the P300 deflec tion . D isturbance anyw here in this c ircuit shou ld im pact on the

P300 (see M etcalfe , 1993a). K nigh t (1984) showed tha t fron ta l lobe patien ts

exh ib it an im pairm en t on the P3A (and early com ponen t re lated to the P300)Ð

ind ica ting tha t th is event re lated po ten tia l m ay rely on the adequa te func tion ing

of a c ircuit that m onito rs the sta te o f the hippocam pus, com putes th is sta te, and

then feeds back a signa l to con trol the am plification of w hat is currently be ing

reg istered in the h ippocam pus.

Spac ing E ffec ts. Som e spac ing effects (M etca lfe , 1993a) have been

a ttrib uted to the novelty m onito ring circuit. If a w ord is repeated im m ediate ly,

the second repe tition is high ly sim ila r to the trace a t tha t m om ent (by virtue of

the strong presence from the first repetition of the critica l item in the trace ) and

so its w eigh ting w ill be less than if it is repea ted after som e spacing (when its

sim ilarity to the trace w ill be decreased because the trace has changed w ith the

inte rven ing item s). A fter som e tim e has passed , a func tion of the sum of the

initia l we igh tings (w hich favours the spaced cond ition ) w ill be apparen t in

m em ory perfo rm ance . H ow ever, if the test is im m ediate , the first p resen ta tion of

the w ord w ill still be heavily w eigh ted in the trace (because of its recency) and

w ill have a considerab le im pac t on m em ory perfo rm ance . W ith im m edia te test

the recency of the first p resen ta tion w ill dom inate, and so m assed rather than

spaced item s w ill seem to be stronger. The differen tia l w e igh ting as a function of

trace sim ilarity is needed , in the m ode l, to account fo r these effec ts. Im pa irm ent

o f the novelty m onito ring c ircu it, se lective ly, shou ld there fore im pac t on spac ing

effec ts: they shou ld be less apparen t for K orsakoff pa tien ts than for o ther

am nesic patien ts. I know of no stud ies investiga ting spac ing effec ts w ith

am nesics.

Interference E ffects. In CH A R M sim ulations of the re lease from proactive

inte rference parad igm (M etca lfe , 1993b), a d ifference in the pattern of intrusions

from prev ious lists, w h ich depends on w hether o r no t the nove lty m onito r was

used , can be observed . W hen the novelty m onitor w as used in the sim ulations,

the responses tended to issue prim arily from the last-presented list, w hereas
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w hen the nove lty m onito r w as disengaged , there w ere m ore in trusions from

previous lists. T he idea tha t fron ta l dam age results in an increase in in terference ,

o r an inab ility to ga te inform ation , is o ften proposed as an exp lanation of

m em ory im pairm en ts in these pa tients (K nigh t, Scabin i, & W oods, 1989;

Sh im am ura , 1994). Sh im am ura e t al. (1995) found selective disrup tion in fron ta l

lobe patien ts in an A B ±A C tes t and in an AB ±A B r tes t, bo th of w hich w ere

designed to m easure in terfe rence.

P rim acy. The prim acy effec t is probab ly due, at least in part, to the fac t

that peop le rehearse the first words in a list m ore than they do o ther w ords in a

list (M urdock & M etca lfe, 1978 ; R undus & Atk inson , 1970). H ow ever, p rim acy

show s up even w hen the presen ta tion ra te is so fast tha t peop le a re unab le to

rehearse a t all. It is postu lated tha t this second fac tor in the prim acy effec t m ay

be attribu tab le to the nove lty m onitor. T he first item in a list is a lw ays different

from the m enta l activ ity that p receded it, by virtue of being the first to-be-

rem em bered item . W e w ould expect it, then , to rece ive a novelty boost.

A bnorm al p rim acy effec ts, w ith fron tal dam age , have been reported by Petrides

(1995).

H abitua tion . The novelty m onito r no t on ly prov ides a boost in weigh ting

fo r nove l item s, but it also decreases the w eigh ting on item s tha t are sim ilar to or

iden tica l w ith those tha t have com e beforeÐ that is, it is responsib le for

habituation effects. The failure to habitua te appropria te ly m ay be responsib le for

m any of the abnorm alities seen in K orsakoff and fron tal pa tients. Hyperv igi-

lance is characteristic o f som e of these pa tien tsÐ every thing seem s nove l. T he

reverse syndrom e of apathy is also com m only observedÐ nothing seem s nove l.

B o th of these m ay be attribu tab le to a fa ilu re to apprecia te that a stim ulus is

e ithe r nove l, and shou ld be a ttended , o r not novel, and hence m ay be safe ly

ignored.

Retrieval

Normal Functioning

W hen a re trieva l cue is given, it is percep tually ana lysed and used to re trieve

a represen ta tion from the com posite trace . The re trieval opera tion of corre lation

is the inverse opera tion to convo lution. T he item tha t is retrieved from m em ory

is in a fo rm ava ilab le to phenom eno log ica l aw areness. In teresting ly , these

re tr ie ve d i tem s a re n o isy , d is to rte d , a n d d eg ra de d . R e trie va l h a s th e

charac teristic , in th is m odel, o f being redin teg ra tive: a part o f an even t is

su ffic ient to re trieve the w hole . Sim ilarity e ffec ts fall ou t autom atica lly .

Furtherm ore , every thing that w as associa ted w ith a particula r re trieva l cue w ill

be re trieved by that cueÐ resu lting in the superim posed retrieva l o f m ultip le

even ts that allow s the m ode l to account for such diverse phenom ena as ep isod ic
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c lassification learn ing and genera lisa tion (M etcalfe E ich , 1982), in te rfe rence in

the A ±B A ±C parad igm (M etca lfe E ich, 1982), and the effects of m islead ing

suggestions on eyew itness testim ony (M etca lfe , 1991).

Memorial Consequences of Impairment of Functioning

If there were a re trieva l deficit, all ep isod ic m em ories would be affec ted . T he

patien t would experience bo th re trograde and an terograde am nesia, and a ll

episod ic function w ould be lost. Squ ire , Know lton , and M usen (1993) report a

num ber of exam ples of pa tients w ho exh ibit the com bined syndrom e of both

retrograde and an terograde am nesia. A s m entioned earlie r, K C is the only

patien t fo r w hom the claim is m ade tha t he can reco llect no episod ic even ts from

his past, and , as w ith the in terp re ta tion tha t th is im plies that he has com ple te

trace loss, the in terp retation tha t th is m eans he has a com plete re trieval failure

needs to be v iew ed w ith extrem e cau tion because of the ex ten t and com plex ity

of h is bra in dam age. A ll non-episod ic functions cou ld be spared , as cou ld

w orking m em ory functions, in the face of severe re trieval defic its.

CONCLUSION

If th is analysis is correc t in the assum ption tha t d iffe ren t am nesic syndrom es

resu lt from a com plex in terac tion of the requirem ents of particu lar tasks w ith the

m em ory com ponen ts tha t are needed to perfo rm them , then we search in va in for

a un itary cause of am nesia . The ana lysis o f the m em ory tasks by m ode ls tha t can

actually perfo rm those tasks, and the iso lation of the processes tha t a re needed in

the ir perfo rm ance , appears to be necessary to fu rthe r our understand ing of

hum an am nesia . C om puta tional m ode ls, such as C H A RM , a llow the spec ific

delinea tion of pro file s o f im pa irm ents tha t can be expec ted w hen particu lar

com ponen ts are im paired . T he C H AR M m odel, itself, w as not in itially designed

to address the causes of hum an am nesia , bu t rather, was in tended m ore sim ply to

be a m ode l o f how norm al people represen t m en tal item s or events, associa te

those item s in ep isod ic m em ory , sto re the assoc iations, and then late r, how they

retrieve an item from m em ory w hen g iven a cue . Its use, in designating the

patterns of im pa irm en ts that are expec ted w ith breakdow n of each of the m ajo r

com ponen ts o f m em ory , p rov ides a m eans to beg in to disen tang le and reconc ile

the perp lex ing resu lts found in the am nesia lite ra ture , and , in particu lar, the

seem ing lack of replicab ility and stab ility . Such apparent variab ility is expec ted

if m ultip le syndrom esÐ each differen t in its underly ing cause and in its

m an ifestationsÐ have been inappropria te ly concep tua lised as if they com prised

a un itary en tity .

A t a theore tica l level C H A RM perm its a fine -grain d iffe ren tia tion of spec ific

syndrom es of hum an am nesia tha t allow s us to articu la te in considerab le deta il

the various deficits tha t cou ld occur under ``ideal’’ cond itions in w hich the

underlying com ponents w ere lesioned clea rly and se lectively . E m pirically , o f
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course, in m any if not m ost patien ts, such d iscre te e ffec ts are un like ly . Thus,

even the som ew hat com plex pure syndrom es p red ic ted by d iscre te failure of

se lec tive m em ory com ponen ts, as g iven in th is article , m ay be found on ly ra rely ,

and the prospect rem ains tha t further em pirica l inves tigation m ay m ore

frequently reveal m ixed and partial cases.
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