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Abstract 

The fragmentation model of associative memory has 

th e attractio n o f  specifyin g neithe r  a  spatia l 

m e t a p h o r  no r  a  symbol i c representatio n fo r 

remembering .  I t  wa s use d i n orde r  t o compar e th e 

recal l  o f  group s o f  unrelate d word s b y amnesi c an d 

norma l  people .  Similarly ,  a  schem a mode l  wa s use d 

i n orde r  t o compar e thei r  recal l  of  group s o f  relate d 

words .  I t  w a s foun d tha t  th e impairmen t  i n 

r e m e m b e r i n g wit h amnes i a reveale d b y thes e 

m o d e l s w a s remarkabl y uni for m rathe r  tha n 

selective .  Thi s suggest s tha t  th e leve l  a t  whic h th e 

m e m o ry storag e syste m i s damage d i n amnesi a i s a 

relativel y lo w one .  I n a  connectionis t  formulation , 

thi s wou l d presumabl y correspon d t o widesprea d 

r a n d o m d a m a g e t o unit s an d th e connection s 

betwee n them . 

Some years ago, a fragmentation model of associative 

m e m o ry wa s articulate d (Jones ,  1976) .  Th e mode l  wa s extremel y 

simple .  I t  propose d tha t  th e m e m o r y fo r  a n even t  i s represente d 

by a  fragmen t  o r  grou p o f  element s o f  tha t  event ,  an d tha t  th e 

content s o f  th e fragmen t  ca n b e recalle d i f  an d onl y i f  on e o f  thi s 

grou p of  element s recur s a s a  cue .  T h e mode l  ha d som e attractiv e 

features .  I t  w a s parsimonious ,  an d i t  gav e quantitativ e 

prediction s whic h wer e surprisingl y accurate .  Howeve r ,  i t  als o 

ha d wha t  a t  th e tim e seeme d t o b e tw o problems .  First ,  i t  wa s no t 

expresse d i n term s o f  an y o f  th e spatiall y  localise d metaphor s tha t 

wer e the n almos t  ubiquitou s i n theorie s o f  m e m o r y (Roediger , 

1980) .  Second ,  i t  wa s no t  expresse d i n term s o f  operation s upo n 

symboli c representation s i n th e w a y that ,  say ,  th e state-of-the-ar t 

H A M (Anderso n &  B o w e r ,  1973 )  an d A C T (Anderson ,  1976 ) 

model s o f  m e m o r y were .  Th e firs t  facto r  coul d b e countere d b y 

th e observatio n of  Schacter ,  Eich ,  an d Tulvin g (1978 )  tha t  th e 

fragmentatio n mode l  resemble d a n earlie r  nonlocalise d theory , 

th e resonanc e mode l  o f  Richar d S e m o n (1921) .  A n d th e secon d 

facto r  coul d b e countere d b y th e observatio n o f  Anderso n an d 

B o w er  (1980 )  tha t  o n occasio n a t  leas t  th e fragmentatio n model' s 

prediction s wer e mor e accurat e tha n thos e of  H A M .  Nevertheless , 
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thes e tw o factor s togethe r  perhap s mean t  tha t  th e fragmentatio n 

model  w a s a  bi t  difficul t  t o assimilat e t o th e the n prevailin g 

memory -mode l  schema .  W e ar e reminde d o f  thi s n o w becaus e 

th e contemporar y connectionis t  Zeitgeis t  ha s eliminate d bot h 

problems .  Neithe r  spatia l  localisatio n no r  symboli c representatio n 

appea r  as  indispensabl e a s before .  Wit h th e adven t  o f  paralle l 

distribute d processin g model s (e.g. ,  Hinto n &  Anderson ,  1989 ; 

Rumelhar t  &  McClelland ,  1986 )  th e emphasi s ha s shifte d t o 

constructin g n e w type s o f  representation .  Thes e ar e no t  localise d 

but  instea d distribute d ove r  m a n y simpl e units ,  an d the y ar e als o 

subsymboli c i n tha t  apparentl y comple x highe r  orde r  processe s 

emerg e fro m th e iterativ e operatio n o f  m a n y simpl e processes .  S o 

wit h thi s conceptua l  rehabilitatio n o f  th e genera l  natur e o f  th e 

fragmentatio n model ,  w e decide d t o emplo y i t  a s a  too l  i n 

explorin g th e detaile d natur e o f  th e m e m o r y defici t  i n organi c 

amnesia . 

T o thi s end ,  w e buil t  upo n previou s evidenc e tha t  th e 

fragmentatio n mode l  describe s wel l  th e pattern s o f  recal l  tha t 

occu r  w h e n a  perso n i s rememberin g a n even t  whos e differen t 

element s ar e independen t  of  eac h other ,  suc h a s a  grou p o f  word s 

tha t  hav e bee n selecte d a t  rando m (Jones ,  1984) .  Rubi n an d 

Wallac e (1989 )  hav e i n fac t  argue d convincingl y tha t  th e crucia l 

characteristi c o f  suc h event s i s tha t  th e particula r  groupin g shoul d 

be unique .  I n contrast ,  th e pattern s o f  recal l  tha t  occu r  w h e n a 

perso n i s rememberin g a  grou p of  word s wit h a  c o m m o n them e 

ar e bette r  describe d b y a  schem a mode l  (Ros s &  Bower ,  1981) . 

Bot h f ragmen t  an d s c h e m a m o d e l s ar e mathematical l y 

parametrized .  W e thu s decide d t o estimat e fragmen t  an d schem a 

parameter s f ro m th e remember in g o f  unrelate d an d relate d 

words ,  respectively ,  an d t o exam in e th e impairment s i n 

paramete r  value s tha t  w e expecte d t o fin d i n mov in g fro m a 

norma l  populatio n t o a n amnesi c one .  Le t  u s firs t  describ e th e 

parametrizing . 

Conside r  a  tria d o r  grou p o f  thre e words .  I f  w e trea t  eac h 

wor d a s equivalent ,  the n ther e ar e thre e type s o f  fragmen t  tha t 

nee d t o b e distinguished .  Wit h probabilitie s ^ ,  n ,  an d ( 1 -  <| > -  k ) 

ther e m a y exis t  eithe r  a  full ,  partial ,  o r  nul l  fragment , 

respectively .  A  ful l  fragmen t  ha s al l  thre e word s associated ,  a 

partia l  fragmen t  ha s onl y tw o word s associated ,  an d a  nul l 

fragmen t  ha s n o word s associated .  Th e schem a mode l  als o ha s 

tw o parameters .  Th e probabilit y  o f  on e wor d accessin g a  schem a 

i s a ,  an d tha t  o f  a  secon d wor d bein g retrieve d fro m th e schem a i s 

p.  H o w d o thes e parameter s translat e int o predictions ? 

Suppos e tha t  a  perso n i s s h o w n a  triad ,  an d the n 

subsequentl y on e o f  it s  word s i s re-presente d a s a  retrieva l  cue . 

Further ,  i f  th e firs t  cu e i s unsuccessfu l  i n producin g an y recall ,  a 
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secon d wor d m a y the n als o b e give n a s cue .  I n all ,  fou r  pattern s 

of  recal l  m a y b e distinguished .  T w o word s m a y b e recalle d o n th e 

firs t  cuing ;  on e wor d m a y b e recalle d o n th e firs t  cuing ;  n o word s 

m ay b e recalle d o n th e firs t  cuing ,  bu t  on e wor d m a y b e recalle d 

o n th e secon d cuing ;  or  n o wor d m a y b e recalle d o n eithe r  cuing . 

Le t  th e probabilitie s o f  occurrenc e o f  thes e pattern s b e denote d 

b y P20 » PIO ,  POl .  an d poo ,  respectively .  T h e n th e fragmen t 

prediction s ar e tha t 

P20 =  <t > 

pi O =  27i/ 3 

POl  =  7c/ 3 

a n d 

POO =  ( 1 -  <1)  -7c) . 

Similarly ,  th e schem a prediction s ar e tha t 

P20 =  a p ^ 

pi O =  2ap( l  -  p ) 

POl  = a p ( l  -  a ) 

a n d 

POO =  a( l  -  p2 )  +  ( 1 -  a)( l  -  a p ) . 

Empirica l  estimate s o f  th e fragmen t  an d schem a paramete r 

value s m a y b e obtaine d fro m observe d frequencie s o f  eac h o f  th e 

fou r  pattern s o r  recal l  (denote d b y n2o ,  n io ,  no i ,  an d noo , 

respectively )  b y maximizin g th e likelihoo d functio n 

T ,- r  n i 
L =  n  P i  ^ 

i 

(wher e i  =  20 ,  10 ,  01 ,  00) .  Fo r  th e fragmen t  model ,  thi s yield s th e 

maximum-l ikel ihoo d estimate s 

<>*  =  n2o/ n 

a n d 

n *  =  (ni o +  noi)/n . 

For  th e schem a model ,  th e maximum-likelihoo d estimate s m a y b e 

obtaine d numericall y rathe r  tha n algebraically . 

Empirical Estimates for Amnesic and Normal Groups 

A n experimen t  o f  th e typ e previousl y indicate d wa s carrie d 

out ,  i n whic h triad s o f  word s wer e presente d an d the n cue d 

incrementall y b y tw o o f  th e words .  Fo r  th e schem a estimates ,  th e 

word s o f  eac h tria d wer e relate d vi a a  c o m m o n them e (e.g. ,  towel , 

pool ,  goggles) .  Fo r  th e fragmen t  estimates ,  th e word s o f  eac h tria d 

wer e unrelate d (e.g. ,  towel ,  convent ,  dune) .  Bot h fragmen t  an d 

schem a estimate s wer e obtaine d individuall y fo r  eac h o f  si x 

amnesi c patient s an d eac h o f  seventee n norma l  people .  T h e 

amnes i c grou p comprise d tw o sufferer s f ro m Korsakoff' s 

syndrome ,  tw o peopl e w h o ha d suffere d anterio r  communicatin g 
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arter y aneurisms ,  on e perso n w h o ha d suffere d encephalitis ,  an d 

on e perso n w h o ha d suffere d sever e fronta l  an d tempora l  lob e 

damage i n a  roa d accident .  Th e norma l  grou p consiste d o f 

student s a t  W a r w i c k University . 

T wo set s o f  8 4 triad s eac h wer e prepared .  Fo r  on e set ,  th e 

word s o f  eac h tria d wer e relate d b y a  c o m m o n theme .  T h e othe r 

set  wa s obtaine d b y rando m permutatio n s o tha t  th e thre e word s 

wer e no t  related .  Eac h perso n wa s teste d hal f  wit h relate d triad s 

and hal f  wit h unrelate d triads ,  wit h th e halve s counterbalance d 

ove r  people .  I n orde r  t o reduc e th e differenc e i n level s o f  recal l 

betwee n th e amnesi c an d norma l  groups ,  th e forme r  wer e 

presente d wit h twelv e set s of  seve n triad s fo r  8  second s pe r  triad , 

whil e th e latte r  wer e presente d wit h si x set s o f  fourtee n triad s fo r 

4 se c pe r  triad .  Followin g th e presentatio n o f  eac h set ,  eac h o f  it s 

triad s wa s teste d b y incrementa l  cuin g usin g tw o o f  it s  componen t 

words . 

Th e frequenc y o f  occurrenc e o f  eac h patter n o f  recal l  i n thi s 

stud y i s show n i n Tabl e 1 .  I t  ca n b e see n that ,  a s expected , 

norma l  performanc e wa s bette r  tha n amnesi c performance ,  an d 

als o tha t  relate d performanc e w a s bette r  tha n unrelate d 

performance .  Further ,  i f  w e aggregat e al l  pattern s o n whic h som e 

recal l  occurre d (i.e. ,  [n2 0 +  ni o +  noi ]  o r  [4 2 -  nool) ,  the n w e fin d 

tha t  th e amnesi c decremen t  i n performanc e w a s approximatel y 

equa l  fo r  th e relate d an d fo r  th e unrelate d words . 

r 

Tabl e 1 .  Frequenc y (ri j 

Grou p 

Normal 

A m n e s i c 

Norma l 

A m n e s i c 

^ 

W o r d s 

Relate d 

Relate d 

Unrelate d 

Unrelate d 

)  o f  eac h patter n 

Patter n 

2 0 

26.0 6 

4.5 0 

13.4 1 

0.8 3 

1 0 

9.7 1 

7.1 7 

8.9 4 

1.8 3 

^ 

of  recal l 

of  recal l 

0 1 0 0 

2.0 6 4.1 8 

1.1 7 29 .1 7 

3.5 9 16.0 6 

0.3 3 39.0 0 

J 

Maximum-l ikel ihoo d estimate s o f  th e schem a parameter s 

( a *  an d p* )  an d o f  th e fragmen t  parameter s ((() *  an d tc* )  wer e 

obtaine d fo r  eac h perso n fro m th e unrelated-word s dat a an d th e 

related-word s data ,  respectively ;  th e schem a paramete r  value s 

wer e obtaine d usin g a  F O R T R A N progra m employin g subroutin e 

E 0 4 J A F (minimisatio n subjec t  t o boundar y constraints )  o f  th e N A G 
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librar y (Numerica l  Algorithm s Group ,  1977) .  T h e m e a n value s o f 

th e schem a an d fragmen t  parameter s ar e show n i n Tabl e 2 . 

f 

Model 

S c h e ma 

S c h e ma 

F r a g m e n t 

F r a g m e n t 

V 

Tabl e 2 . M e an paramete r  value s 

Pa rame te r 

a * 

P* 

( t > * 

7C* 

N o r m a l 

0 .86 1 

0.81 7 

0.31 9 

0.29 8 

> 

A m n e s i c 

0.49 1 

0.48 8 

0 . 0 2 0 

0.05 2 

J 

I t  ca n b e see n tha t  fo r  th e schem a mode l  bot h a *  an d p * 

wer e impaire d t o approximatel y th e sam e exten t  b y amnesia ; 

similarly ,  fo r  th e fragmen t  mode l  bot h (> *  an d ti *  wer e als o 

impaire d t o approximatel y th e sam e exten t  b y amnesia .  A  curiou s 

additiona l  result ,  whic h seem s merel y coincidenta l  rathe r  tha n 

meaningful ,  w a s tha t  bot h fo r  th e norma l  grou p an d fo r  th e 

amnesi c grou p th e value s o f  th e a  *  an d p  *  parameter s wer e 

approximatel y equal ,  a s wer e als o th e value s o f  th e <{) *  an d tc * 

parameters . 

Implications 

Th e fragmen t  mode l  o f  Jone s (1976 )  an d th e schem a mode l 

of  Ros s an d B o w e r  (1981 )  prove d t o b e usefu l  analytica l  tool s i n 

investigatin g recal l  impairmen t  wit h amnesia .  T h e amnesi c 

patient s wer e equall y impaire d i n retainin g ful l  an d i n retainin g 

partia l  fragment s o f  group s o f  unrelate d words .  Similarly ,  the y 

wer e equall y impaire d i n accessin g schemat a an d i n retrievin g 

fro m them .  T h e tw o model s therefor e provid e a  descriptio n of 

amnesi a i n whic h recal l  i s  see n t o suffe r  blanke t  impairment .  Thi s 

suggest s tha t  amnesi a i s th e consequenc e o f  damag e a t  som e basic , 

undifferentiate d leve l  o f  representation .  I n a  connectionis t 

formulation ,  thi s wou l d presumabl y correspon d t o widesprea d 

rando m d a m a g e t o unit s an d th e connection s betwee n them .  I t 

shoul d b e noted ,  however ,  tha t  althoug h recal l  o f  relate d word s 

suffere d a  decremen t  i n performanc e wit h amnesi a approximatel y 

equa l  t o tha t  fo r  unrelate d words ,  th e absolut e leve l  o f  recal l  o f 

relate d word s i n th e amnesi c grou p (a s i n th e norma l  group )  wa s 
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highe r  tha n tha t  o f  unrelate d words .  I n thi s respect ,  th e result s 

wer e simila r  t o thos e i n recen t  studie s wher e primin g effect s hav e 

bee n reporte d wit h relate d bu t  no t  wit h unrelate d pair s o f  word s 

(e.g. ,  Schacte r  &  Graf ,  1986 ;  Shimamur a &  Squire ,  1984 ,  1989) . 
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