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Abstrac t 

Connectionis t  modelin g i s  applie d t o issue s i n cognitiv e 

rehabilitation ,  concernin g th e degre e an d spee d o f  recov -

er y throug h retraining ,  th e exten t  o f  generalizatio n t o un -

treate d items ,  an d ho w treate d item s ar e selecte d t o max -

imiz e thi s generalization .  A  networ k previousl y use d t o 

model  impairment s i n mappin g orthograph y t o semantic s 

i s retraine d afte r  damage .  Th e degre e o f  relearnin g an d 

generalizatio n varie s considerabl y fo r  differen t  lesio n loca -

tions ,  an d ha s interestin g implication s fo r  understandin g 

th e natur e amd variabilit y o f  recover y i n patients .  I n a 

secon d simulation ,  retrainin g o n word s whos e semantic s 

ar e atypica l  o f  thei r  categor y yield s mor e generalizatio n 

tha n retrainin g o n mor e prototypica l  words ,  suggestin g a 

surprisin g strateg y fo r  selectin g item s i n patien t  therap y 

t o maximiz e recovery . 

Introduction 

Cognitive neuropsychology aims to extend our under-

standin g o f  norma l  cognitiv e mechanism s b y study -

in g thei r  patter n o f  breakdow n followin g brai n dam -

age i n neurologica l  patients .  A n underlyin g moti -

vatio n fo r  m a n y researcher s i s  tha t  a  mor e detaile d 

analysi s o f  th e norma l  mechanism ,  an d th e wa y i t 

i s  impaired  i n particula r  patients ,  shoul d lea d t o th e 

desig n o f  mor e effectiv e therap y t o remediat e thes e 

impairment s (Howar d k  Hatfield ,  1987) .  Significan t 

progres s ha s bee n mad e i n analyzin g cognitiv e mech -

anism s an d thei r  impairment s i n term s o f  "box-and -

arrow "  information-processin g diagrams ,  particularl y 

i n th e domai n o f  writte n languag e (Colthear t  e t  al. , 

1980 ,  1987 ;  Patterso n e t  al. ,  1985) .  However ,  rela -

tivel y fe w remediatio n studie s hav e bee n base d di -

rectl y o n thes e cognitiv e analyses ,  an d whil e thes e 

'I' d lik e t o than k Marlen e Behrmein n an d Geof f  Hinto n fo r 
thei r  hel p wit h th e researc h describe d i n thi s paper .  Al l  o f  th e 
simulation s wer e ru n o n a  Silico n Graphic s Iris-4D/240 S \isin g 
th e Xerio n simulato r  develope d b y Ton y Plate .  Thi s researc h 
i s supporte d b y gran t  87-2-3 6 fro m th e Alfre d P .  Sloa n Foun -
dation ,  gran t  T89-01245-01 6 from  th e Pe w Charitabl e Trusts , 
and gran t  ASC-910921 5 from  th e Nationa l  Scienc e Foundation . 
Plau t  (1992 )  present s a n abstrac t  o f  thi s work . 

fe w hav e bee n fairl y successful ,  th e specifi c  contribu -

tio n o f  th e analysi s i s ofte n unclea r  (fo r  example s an d 

genera l  discussion ,  se e Byng ,  1988 ;  Caramazza ,  1989 ; 

Sero n &  Deloche ,  1989 ;  Wilso n &  Patterson ,  1990) . 

I n larg e par t  th e limite d usefulnes s o f  box-and-arro w 

diagram s i n thi s regar d m a y ste m fro m th e genera l 

lac k o f  attentio n pai d t o specifyin g th e actua l  rep -

resentation s an d computation s tha t  perfor m a  tas k 

(Seidenberg ,  1988) . 

Recently ,  a  numbe r  o f  researcher s employin g con -

nectionis t  model s hav e attempte d t o g o beyon d th e 

box-and-arro w approac h b y demonstratin g tha t  a 

fully-specifie d implementatio n o f  th e norma l  process , 

when damaged ,  actuall y behave s lik e patient s wit h 

analogou s brai n damag e (e.g .  Fara h &  McClelland , 

1991 ;  Hinto n &  Shallice ,  1991 ;  Moze r  k  Behrmann , 

1990 ;  Patterso n e t  al. ,  1990 ;  Plaut ,  1991 ;  Plau t  & 

Shallice ,  1991a ,  1991b ,  1992) .  Thi s pape r  attempt s 

t o exten d connectionis t  modelin g i n neuropsycholog y 

t o addres s issue s i n cognitiv e rehabilitation .  Thes e 

issue s concer n degre e an d spee d o f  recover y throug h 

retraining ,  th e exten t  o f  generalizatio n t o untreate d 

items ,  an d ho w treate d item s ca n b e selecte d t o max -

imiz e thi s generalization . 

Th e domai n o f  investigatio n i s impaire d wor d read -

ing ,  know n a s "acquire d dyslexia. "  First ,  studie s 

on remediatio n i n acquire d dyslexi a base d o n cog -

nitiv e model s o f  norma l  readin g ar e summarized ,  fo -

cusin g o n a  stud y b y Colthear t  I c Byn g (1989 )  tha t 

attempte d t o reestablis h th e mappin g betwee n writ -

te n word s (orthography )  an d thei r  meaning s (seman -

tics) .  A  se t  o f  simulatio n experiment s ar e presente d 

i n whic h a  network ,  previousl y use d t o mode l  im -

paire d readin g fo r  meanin g (Hinto n &  Shallice ,  1991) , 

i s  retraine d afte r  differen t  lesion s i n whic h a  propor -

tio n o f  th e connection s betwee n group s o f  unit s ar e 

removed .  Th e amoun t  o f  recover y an d generaliza -

tio n depend s o n th e locatio n o f  th e lesio n i n th e net -

wor k an d ha s interestin g implication s fo r  understand -

in g th e effect s see n i n patients .  Th e pape r  conclude s 

wit h a  secon d simulatio n demonstratin g tha t  retrain -
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in g o n word s whos e semantic s ar e atypica l  o f  thei r 

categor y yield s mor e generalizatio n tha n retrainin g 

on mor e prototypica l  words ,  suggestin g a  surprisin g 

strateg y fo r  selectin g item s i n patien t  therap y t o max -

imiz e recovery . 

Remediation of reading for meaning 

Coltheart & Byng (1989) undertook a remediation 

stud y wit h a n acquire d dyslexic ,  EE ,  a  40-year-ol d 

left-hande d posta l  worke r  wh o suffere d lef t  temporal -

parieta l  damag e fro m a  fall .  O n th e basi s o f  a 

number  o f  preliminar y test s administere d abou t  6 

month s later ,  the y determine d tha t  E E ha d a  spe -

cifi c  defici t  i n derivin g semantic s fro m orthography . 

To improv e th e patient' s wor d readin g ability ,  Colt -

hear t  k  Byn g designe d a  stud y involvin g word s con -

tainin g th e spellin g patter n -OUG H (e.g .  through , 

COUGH,  bough) ,  whic h hav e highl y irregula r  pronun -

ciation s and ,  thus ,  ar e difficul t  t o rea d withou t  se -

mantics .  E E wa s retraine d o n 1 2 o f  2 4 suc h words ,  i n 

whic h h e studie d th e writte n word s augmente d wit h 

mnemonic picture s fo r  thei r  meanin g (e.g .  a  pictur e 

of  a  tre e draw n o n th e wor d bough) .  Prio r  t o ther -

apy,  fou r  o f  th e treate d word s wer e rea d correctly ; 

afte r  therapy ,  al l  1 2 wer e rea d correctly .  I n addition , 

th e untreate d word s als o improved ,  fro m on e correc t 

prio r  t o therapy ,  t o seve n correc t  afte r  therapy .  Thus , 

th e improvemen t  i n th e untreate d se t  ( 6 words )  wa s 

75 % a s larg e a s th e improvemen t  i n th e se t  tha t  wa s 

actuall y treate d ( 8 words) .  Thi s generalizatio n t o 

untreate d word s i s surprisin g becaus e a  wor d an d it s 

meanin g ar e arbitraril y  related—ther e i s n o intuitiv e 

reaso n wh y relearnin g th e meaning s o f  som e word s 

shoul d hel p reestablis h performanc e o n othe r  word s 

wit h unrelate d meanings . 

I n a  secon d study ,  E E wa s give n th e 48 5 highes t 

frequenc y word s fo r  ora l  reading .  Th e 5 4 word s h e 

misrea d wer e divide d i n hal f  randoml y int o treate d 
and untreate d sets .  E E agai n learne d t o rea d th e 

treate d word s b y studyin g card s  o f  th e writte n word s 

augmente d wit h mnemonic s  fo r  thei r  meanings .  A s a 

result ,  hi s readin g performanc e o n th e treate d word s 

improve d fro m 4 4 % t o 100 % correct .  Onc e again , 

th e untreate d word s als o improved ,  fro m 4 4 % t o 8 5 % 
correc t  (73 % generalization) .  Thi s improvemen t  wa s 

not  du e t o "spontaneou s recovery "  no r  t o othe r  non -

specifi c  effect s becaus e performanc e o n th e word s wa s 

stabl e bot h befor e therap y an d afte r  therapy . 

Thus ,  i n a t  leas t  on e patient ,  retrainin g th e map -

pin g fro m orthograph y t o semantic s fo r  som e word s 
can generaliz e t o othe r  words .  However ,  i t  shoul d 

be note d tha t  suc h improvemen t  an d generaliza -

tio n doe s no t  alway s occur .  Some patient s lear n 

60 clean-u p unrt s 
_ C 2S ^  ^ i _ 

66 semantt c unit s 
T T 

40 intermediat e unit s 

I 
r  2 8 orthographi c unit s " j 

Figure 1: The network used by Hinton & Shallice (1991). 
Arrow s i n bol d represen t  set s  o f  connection s tha t  ar e le -
sione d i n th e presen t  study . 

th e treate d item s bu t  sho w n o generalizatio n t o un -

treate d items .  Other s sho w generalizatio n withi n bu t 

not  betwee n modalities .  Stil l  other s ma y hav e dif -

ficulty  learnin g th e treate d item s themselves .  Fo r 

instance ,  Behrman n (1987 )  foun d n o generalizatio n 

fro m treate d t o untreate d homophoni c wor d pair s 

(e.g .  righ t  an d write )  i n th e writin g o f  acquire d 

dysgraphi c C C M,  althoug h th e writin g o f  7 5 irregula r 

word s di d improv e significantly .  Scot t  &  Byn g (1988 ) 

foun d tha t  retrainin g th e readin g o f  homophoni c wor d 

pair s  o f  a n acquire d dyslexic ,  JB ,  generalize d t o read -

in g untreate d pair s bu t  no t  t o hi s writin g o f  eithe r 

treate d o r  untreate d pairs . 

W hy som e patient s improv e whil e other s d o no t  i s 

not  a t  al l  clear .  A n explanatio n o f  th e effect s see n 

i n patien t  therap y i n thi s domai n shoul d accoun t  no t 

onl y fo r  th e occurrenc e o f  generalizatio n i n som e pa -

tient s an d conditions ,  bu t  als o fo r  it s absenc e i n oth -

ers .  Connectionis t  network s ar e provin g usefu l  i n un -

derstandin g th e natur e o f  impaire d wor d reading — 

can the y provid e insigh t  int o th e natur e an d variabil -

it y  o f  it s recovery ? 

Modeling impaired reading for meaning 

Hinton & Shallice (1991) have put forward a con-

nectionis t  accoun t  o f  th e proces s o f  accessin g seman -

tic s fro m orthography ,  an d th e patter n o f  error s thi s 

proces s exhibit s unde r  damage .  Base d o n previou s 

wor k b y Hinto n &  Sejnowsk i  (1986) ,  the y traine d a 

recurren t  back-propagatio n networ k t o ma p fro m th e 

orthograph y o f  4 0 three -  o r  four-lette r  word s t o a  sim -
plifie d representatio n o f  thei r  semantics ,  describe d i n 

term s o f  6 8 predetermine d semanti c features .  Th e 

architectur e o f  th e networ k the y used ,  show n i n Fig -

ur e 1 ,  ha s tw o mai n pathways :  (1 )  a  "direct "  path -

way,  fro m 2 8 orthographi c unit s t o 6 8 semanti c unit s 

vi a 4 0 intermediat e units ,  an d (2 )  a  "clean-up "  path -
way,  fro m th e semanti c unit s t o 4 0 clean-u p unit s 

and bac k t o th e semanti c units .  Th e direc t  path -

way generate s initia l  semanti c activit y fro m visua l 

(orthographic )  input ,  whil e th e clean-u p pathwa y it -

erativel y refine s thi s initia l  activit y int o th e exac t  cor -
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rec t  semantic s o f  th e word . 

Afte r  trainin g th e network ,  Hinto n k  Shallic e sys -

tematicall y lesione d i t  b y removin g proportion s o f 

unit s o r  connections ,  o r  b y addin g nois e t o th e 

weights .  The y foun d tha t  th e damage d networ k oc -

casionall y settle d int o a  patter n o f  semanti c activit y 

tha t  satisfie d th e respons e criteri a fo r  a  wor d othe r 

tha n th e on e presented .  Thes e error s wer e mor e of -

te n semanticall y and/o r  visuall y simila r  t o presente d 

stimul i  tha n woul d b e expecte d b y chance .  Whil e th e 

networ k showe d a  greate r  tendenc y t o produc e visua l 

error s (e.g .  CA T :: > "cot" )  wit h lesion s nea r  th e inpu t 

laye r  an d semanti c error s (e.g .  CA T = > "dog" )  wit h 

lesion s nea r  th e outpu t  layer ,  bot h type s o f  erro r  oc -

curre d fo r  almos t  al l  site s o f  damage .  Thi s patter n o f 

error s i s simila r  t o tha t  o f  patient s wit h dee p dyslexi a 

(Colthear t  e t  al. ,  1980) . 

Mor e recently ,  Plau t  &  Shallic e (1991a ,  1991b ) 

hav e extende d thes e initia l  findings  i n tw o ways . 

First ,  the y establishe d th e generalit y o f  th e co -

occurrenc e o f  semantic ,  visual ,  an d mixe d visual-and -

semanti c error s b y showin g tha t  i t  doe s no t  depen d 

on peculia r  characteristic s o f  th e networ k architec -

ture ,  th e learnin g procedure ,  o r  th e wa y response s 

ar e generate d fro m semanti c activity .  Second ,  the y 

extende d th e approac h t o accoun t  fo r  m a n y o f  th e 

remainin g characteristic s o f  dee p dyslexia ,  includin g 

th e effect s o f  concreteness/imageabilit y  an d thei r  in -

teractio n wit h visua l  errors ,  th e occurrenc e o f  visual -

then-semanti c errors ,  greate r  confidenc e i n visua l  a s 

compare d wit h semanti c errors ,  relativel y preserve d 

lexica l  decisio n wit h impaire d naming ,  an d th e exis -

tenc e o f  differen t  subvarietie s o f  dee p dyslexia . 

T h e replicatio n o f  th e divers e se t  o f  symptom s o f 

dee p dyslexi a throug h unitar y lesion s o f  th e networ k 

strongl y suggest s tha t  th e underlyin g computationa l 

principle s o f  th e networ k captur e importan t  aspect s 

of  th e proces s o f  mappin g orthograph y t o semantic s 

i n humans .  Extendin g thi s clai m further ,  w e woul d 

expec t  relearnin g i n th e lesione d networ k t o sho w sim -

ila r  effect s t o thos e observe d i n rehabilitatio n studie s 

wit h analogou s neurologica l  patients .  Th e followin g 

experiment s tes t  thi s claim . 

Experiments in relearning after damage 

A version of the Hinton k Shallice network was 

traine d withou t  m o m e n t u m unti l  i t  coul d rea d al l  4 0 

word s perfectl y (se e Plaut ,  1991 ,  fo r  details) .  Th e ef -

fect s o f  lesion s nea r  orthograph y (orthograph y = > in -

termediat e connections )  wer e compare d wit h thos e o f 

lesion s withi n semantic s (clean-u p =* •  semantic s con -

nections) .  Fo r  eac h o f  thes e tw o set s o f  connections , 

a severit y o f  lesio n wa s selecte d whic h lowere d cor -

rec t  performanc e t o nea r  2 0 % ( 3 0 % o f  orthograph y 

^  intermediat e connections ,  an d 5 0 % o f  clean-u p = > 

semantic s connections) . 

For  a  give n instanc e o f  a  lesion ,  th e response s t o th e 

40 word s wer e categorize d a s correc t  o r  incorrect .  A 

respons e wa s considere d correc t  i f  th e proximit y (i.e . 

normalize d dot-product )  o f  th e semantic s generate d 

by th e networ k wa s withi n 0. 8 o f  th e correc t  semantic s 

of  th e presente d word ,  an d th e proximit y o f  th e nex t 

bes t  wor d wa s a t  leas t  0.0 5 further .  Hal f  o f  th e correc t 

word s an d hal f  o f  th e incorrec t  word s wer e randoml y 

selecte d an d place d i n th e "treated "  set ;  th e remain -

in g word s wer e place d i n th e "untreated "  set .  Thus , 

bot h th e treate d an d untreate d set s alway s containe d 

20 word s an d wer e balance d fo r  correc t  performance . 

Th e lesione d networ k wa s the n retraine d fo r  5 0 

sweeps o n th e treate d word s only .  Performanc e wa s 

measure d a t  eac h swee p durin g relearnin g separatel y 

fo r  th e treate d an d untreate d wor d sets ,  i n term s o f 

th e averag e percentag e o f  word s rea d correctl y us -

in g th e respons e criteria .  Th e tw o set s wer e the n 

exchange d an d th e retrainin g wa s repeated ,  startin g 

fro m th e sam e initia l  (lesioned )  se t  o f  weights .  Fi -

nally ,  th e weight s wer e agai n reinitialize d an d th e le -

sione d networ k wa s retraine d o n al l  4 0 words . 

Figur e 2  present s th e retrainin g result s fo r  bot h lo -

cation s o f  lesion ,  average d ove r  al l  2 0 lesio n instance s 

and ove r  exchange s o f  th e treate d an d untreate d wor d 

sets .  Firs t  conside r  lesion s withi n semantic s (lef t  o f 

th e figure).  Th e treate d word s ar e quickl y relearne d 

by th e network ,  wit h performanc e improvin g fro m 

near  2 0 % t o ove r  9 0 % correc t  i n unde r  2 0 sweep s 

throug h th e wor d set .  I n addition ,  ther e i s consid -

erabl e generalizatio n fro m th e treate d t o untreate d 

wor d set s (mea n generalizatio n 0.61 ,  t(39 )  =  28.1 , 

p <  .001) .  Correc t  performanc e o n th e untreate d 

word s improve s fro m 2 0 % t o 6 8 % eve n thoug h thes e 

word s ar e neve r  presente d t o th e lesione d network . 

I n fact ,  relearnin g o n al l  o f  th e word s i s quit e dra -

matic ,  wit h performanc e recoverin g completel y afte r 

50 sweeps .  Thes e result s replicat e earlie r  findings 

on relearnin g an d generalizatio n i n connectionis t  net -

work s afte r  corruptin g weight s wit h nois e (Hinto n k 

Plaut ,  1987 ;  Hinto n k  Sejnowski ,  1986) . 

I n contrast ,  retrainin g afte r  lesion s nea r  orthogra -

ph y result s i n a  quit e differen t  patter n o f  performanc e 

(se e th e righ t  o f  Figur e 2 )  .  Relearnin g th e treate d 

word s proceed s mor e slowly ,  wit h ove r  4 0 sweep s re -

quire d t o rais e performanc e abov e 9 0 % .  Relearnin g 

al l  4 0 word s i s eve n slowe r  an d mor e erratic .  Mor e 

importantly ,  ther e i s n o evidenc e o f  generalizatio n 

t o th e untreate d words—i f  anything ,  averag e correc t 

performanc e o n thes e word s show s a  tren d toward s 

gettin g slightl y wors e (mea n generalization :  —0.024 , 

374 



TREATED 
UNTREATED 
ALL 

100 J . 

90 . 

80 . 

70 . 

60 . 

40 k 

30 

20 

10 • 

0 

s o V - l 

/  / 

'^ ^ 
y 

•//.••• • 

fO 15 20 2 5 30 3 5 4 0 4 5 5 0 
Trainin g Presentation s 

I 
s 

I 

100 

90 

BO 

70 

t§ • 

SO . 

40 • 

30 • 

n . 

0 

.. / 

. / v. / 
• ^ v -

.•» . 

y — 

.A./ 
20 i f — •• •  •••" '  •.•i-n-- i 

10 IS 20 2 5 30 3 5 4 0 4 5 5 0 
Trainin g Presentation s 

SEMANTIC Lesion s (Severit y  0.5 )  ORTHOGRAPHIC Lesion s (Severit y 0.3 ) 

Figur e 2 ;  Retrainin g performanc e afte r  clean-u p => •  semantic s lesion s (left )  an d orthograph y = > intermediat e lesion s 
(right) .  Th e soli d horizonta l  line s represen t  th e level s o f  performanc e a t  th e onse t  o f  retraining . 

<(39)=1.17, p =  .25) . 

W hy doe s retrainin g afte r  lesion s withi n semantic s 

yiel d rapi d relearnin g an d considerabl e generalizatio n 

whil e retrainin g afte r  lesion s nea r  orthograph y pro -

duce s muc h wors e relearnin g an d n o generalization ? 
The degre e o f  relearnin g an d generalizatio n depend s 

on th e consistenc y o f  th e weigh t  change s (i.e .  direc -

tion s o f  movemen t  i n "weigh t  space" )  tha t  woul d b e 

optima l  fo r  individua l  words .  Whil e thi s i s typicall y 

describe d i n term s o f  th e degre e o f  overla p i n th e dis -

tribute d representation s o f  words ,  i t  depend s mor e 
precisel y o n th e consistenc y o r  structur e i n th e m a p -

pin g fro m inpu t  t o output .  Viewe d a s a n abstrac t 

task ,  ther e i s n o systemati c structur e i n mappin g or -

thographi c string s ont o thei r  semantics—inpu t  sim -

ilarit y i s unrelate d t o outpu t  similarity .  However , 
when instantiate d i n a  network ,  th e tas k i s broke n 

down b y th e learnin g procedur e int o a  numbe r  o f 

separat e transformation s involvin g intermediat e rep -

resentation s carrie d ou t  b y differen t  part s o f  th e net -
work .  Thes e transformation s constitut e "subtasks " 

tha t  m a y diffe r  considerabl y i n thei r  degre e o f  struc -

ture .  Fo r  example ,  th e subtas k o f  th e clean-u p = ^ 

semantic s connection s i s t o refin e th e initia l  semanti c 

activit y generate d b y th e direc t  pathwa y int o th e ex -

act  correc t  semantic s o f  th e presente d word .  Sinc e se -

manticall y simila r  word s requir e simila r  clean-up ,  thi s 

subtas k i s highl y structured .  I n contrast ,  th e subtas k 

of  th e orthographi c  ̂  intermediat e connection s i s t o 

generat e intermediat e laye r  representation s tha t  ar e 

as semanticall y organize d a s possibl e fro m visuall y or -

ganize d inputs .  Sinc e semanti c similarit y  i s unrelate d 

t o visua l  similarity ,  ther e i s n o structur e i n thi s sub -

task .  However ,  t o th e exten t  tha t  th e orthographi c 

=> intermediat e connection s succee d i n generatin g se -
manticall y organize d representations ,  th e subtas k o f 

th e intermediat e ̂  semantic s connection s become s 

(semantically )  structured .  Consisten t  wit h thi s in -

terpretation ,  relearnin g afte r  lesion s t o thes e connec -

tion s yield s moderat e bu t  significan t  generalizatio n 

(24% ;  se e Plaut ,  1991) .  Thus ,  th e effectivenes s o f  re -

learnin g afte r  a  lesio n t o a  se t  o f  connection s reflect s 

th e degre e t o whic h th e mappin g thos e connection s 
carr y ou t  i s structured . 

As describe d above ,  studie s o f  cognitiv e rehabilita -

tio n o f  acquire d dyslexic s i n th e domai n o f  readin g 

fo r  meanin g hav e demonstrate d considerabl e relearn -
in g o f  treate d item s an d (often )  improvemen t  o n un -

treate d bu t  relate d items .  Relearnin g afte r  lesion s t o 

a networ k tha t  operate s i n th e sam e domai n result s 

i n simila r  qualitativ e effect s fo r  lesion s withi n seman -

tic s bu t  no t  fo r  lesion s nea r  orthography .  Thus ,  a t  a 
genera l  level ,  th e caus e o f  rapi d relearnin g an d gener -

alizatio n i n th e network—distribute d representation s 

an d structur e i n subtasks—ma y provid e a n explana -

tio n fo r  th e natur e o f  recovery ,  an d lac k o f  recovery , 

i n thes e patients . 

A specifi c  hypothesi s tha t  come s ou t  o f  th e relearn -
in g simulation s relate s t o th e systemati c difference s 

observe d i n th e degre e o f  relearnin g an d generaliza -

tio n a s a  functio n o f  lesio n location .  T h e simulation s 

predic t  tha t  a  patien t  wit h a  functiona l  impairmen t 

clos e t o o r  withi n semantic s shoul d sho w considerabl e 

generalization ,  whil e on e wit h a n impairmen t  clos e t o 
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orthograph y shoul d sho w littl e o r  none .  Conversely , 

th e degre e o f  generalizatio n observe d i n a  patien t  ca n 

be use d t o predic t  th e fine-graine d locatio n o f  thei r 

functiona l  impairmen t  wtth m th e mappin g fro m or -

thograph y t o semantics . 

Designing therapy to maximize gener-

al izat io n 

Ideally, we would like to use our understanding of 

th e impairmen t  i n a  particula r  patien t  t o lea d t o 

th e desig n o f  a  rehabilitatio n strateg y tha t  maxi -

mize s recovery .  Th e previou s simulatio n clarifie s th e 

condition s unde r  whic h retrainin g yield s generaliza -

tion .  Unde r  thes e conditions ,  ho w ca n item s b e se -

lecte d fo r  retrainin g s o a s t o mciximiz e thi s general -

ization ? A  critica l  variabl e i n semanti c representa -

tio n i s prototypicality—ho w clos e a  concep t  i s t o th e 

centra l  tendenc y o f  it s categor y (Rosch ,  1975) .  Th e 

questio n is ,  i s  i t  bette r  t o retrai n o n prototypica l  o r 

non-prototypica l  words ? 

Unfortunately ,  th e limite d siz e an d complexit y o f 

th e origina l  trainin g se t  preclude s a  reaisonabl e com -

parison .  Accordingly ,  a  secon d simulatio n stud y wa s 

carrie d out ,  analogou s t o th e firs t  excep t  tha t  i t  in -

volve d 10 0 "words "  whos e orthographi c an d semanti c 

representation s wer e artificiall y  generated .  First ,  a 

singl e semanti c "prototype "  wa s create d b y randoml y 

settin g eac h o f  5 0 semanti c feature s t o b e presen t 

wit h probabilit y p  =  0.2 .  T w o set s o f  5 0 wor d mean -

ing s wer e generate d fro m thi s prototyp e usin g differ -

ent  level s o f  rando m distortio n (Chauvin ,  1988) .  A 

••prototypica r  se t  consiste d o f  smal l  distortion s o f  th e 

prototyp e (eac h featur e o f  a  wor d ha d a  probabilit y 

d =  0. 1 o f  bein g randoml y regenerate d wit h p  =  0.2) . 

A "nonprototypical "  se t  consiste d o f  larg e distortion s 

{ d =  0.5) .  Orthograph y wa s represente d a s rando m 

pattern s o f  activit y ( p =  0.2 )  ove r  2 0 inpu t  features . 

Usin g th e sam e architectur e an d learnin g procedur e 

as i n th e firs t  study ,  a  networ k wa s traine d t o gener -

at e th e appropriat e semanti c feature s fro m eac h or -

thographi c pattern .  W e investigate d relearnin g afte r 

lesion s t o th e intermediat e ̂  semantic s connection s 

becaus e the y yielde d onl y moderat e generalization . 

Sevent y instance s o f  lesion s o f  severit y 0.2 5 reduce d 

overal l  correc t  performanc e t o 35.6 % o n average . 

Afte r  eac h lesion ,  word s wer e divide d int o pro -

totypica l  an d non-prototypica l  group s a s describe d 

above ,  an d the n on e grou p wa s furthe r  divide d i n 

hal f  (balance d fo r  correc t  performance) .  O n e o f  thes e 

halve s forme d th e treate d set ,  whil e th e othe r  forme d 

one untreate d set ,  an d th e word s o f  th e opposit e typ e 

forme d a  secon d untreate d set .  T h e networ k wa s the n 

retraine d fo r  5 0 presentation s o f  th e treate d set .  Fig -

Untreate d Se t 

I  1  Prototypica l 

E Z a Non-prototypica l 
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Figur e 3 :  Generalizatio n fro m prototypica l  o r  non -
piototypica l  treate d sets ,  t o prototypica l  o r  non -
prototypica l  untreate d sets . 

ur e 3  present s th e averag e generalizatio n (i.e .  rati o o f 

untreate d t o treate d improvemen t  i n correc t  perfor -

mance,  usin g a  simpl e best-matc h criterion )  fro m pro -
totypica l  an d non-prototypica l  treate d set s t o proto -

typica l  an d non-prototypica l  untreate d sets .  Overall , 

retrainin g o n non-prototypica l  word s produce s mor e 

generalizatio n tha n retrainin g o n prototypica l  word s 

(F(l,69 )  =  337.4 ,  p  <  .001) .  Th e figure  show s tha t 
thi s effec t  i s  du e primaril y t o th e fac t  tha t  retrain -

in g o n prototypica l  word s significantl y reduce s per -

formanc e o n untreate d non-prototypica l  words . 

We ca n understan d thi s effec t  b y analog y wit h a 

set  o f  randoml y distribute d points ,  wher e eac h poin t 

represent s th e effect s o f  trainin g o n a  particula r  word . 

Th e averag e o f  th e outlier s (non-prototypica l  words ) 

m ay well-approximat e th e centra l  point s (prototypi -

cal  words) ,  bu t  th e averag e o f  th e centra l  point s i s 

stil l  quit e fa r  fro m th e outliers . 

Summary 

Theoretical analyses of cognitive impairments follow-

in g brai n damag e shoul d lea d t o th e desig n o f  mor e 

effectiv e strategie s fo r  rehabilitation .  Simulation s i n 

thi s pape r  exten d th e relevanc e o f  connectionis t  mod -

elin g i n neuropsycholog y t o addres s issue s i n rehabil -
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itation . 

Attempt s a t  cognitiv e rehabilitatio n o f  th e m a p -

pin g betwee n orthograph y an d semantic s i n patient s 

hav e resulte d i n considerabl e improvemen t  i n perfor -

mance o n treate d words ,  a s wel l  a s significan t  gen -

eralizatio n t o untreate d bu t  relate d words ,  althoug h 

th e degre e o f  recover y ca n var y considerably .  T h e de -

gre e o f  relearnin g an d generalizatio n afte r  damag e i n 

a networ k tha t  perform s th e analogou s tas k depend s 

considerabl y o n th e locatio n o f  lesion .  Thes e differ -

ence s ca n b e understoo d i n term s o f  th e amoun t  o f 

structur e i n th e subtask s performe d b y part s o f  th e 

network .  Th e difference s als o provid e a  possibl e ex -

planatio n fo r  th e variabilit y  i n recover y observe d i n 

patients ,  an d generat e hypothese s abou t  th e specifi c 

locatio n o f  thei r  underlyin g functiona l  impairment . 

A potentia l  benefi t  o f  connectionis t  modelin g i n 

neuropsychologica l  rehabilitatio n i s tha t  i t  provides 

a framewor k fo r  investigatin g th e relativ e effective -

ness o f  alternativ e rehabilitatio n strategies .  A  secon d 

simulatio n foun d tha t  retrainin g o n les s prototypica l 

word s produce d mor e generalizatio n tha t  retrainin g 

on mor e prototypica l  words ,  suggestin g a  surprisin g 

strateg y fo r  selectin g item s i n patien t  therap y t o m a x -

imiz e recovery . 

Overall ,  th e result s demonstrat e tha t  investigation s 

of  relearnin g afte r  d a m a g e i n connectionis t  network s 

ca n provid e a n accoun t  o f  th e genera l  natur e o f  re -

learnin g an d generalizatio n i n patient s an d ca n gen -

erat e interestin g hypothese s abou t  th e desig n o f  ef -

fectiv e patien t  therapy . 
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