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Abstrac t 

A series of simulations using the HAL model of memory 
demonstrate s tha t  wor d representation s fro m th e mode l  ca n 
be use d t o categoriz e a  variet y o f  common an d famou s 
prope r  nouns ,  cities ,  an d states .  Th e interna l  semantic s o f 
famous prope r  name s provide s a  riche r  se t  o f  meanin g 
constraint s tha n d o th e neighborhood s o f  common prope r 
names.  Retrieva l  error s wit h name s may b e du e t o thi s 
differenc e i n th e neighbor s an d th e densit y o f  thes e 
neighborhoods .  A  ver y salien t  constrain t  i n common 
prope r  name semantic s i s gender . 

Proper names are the Rodney Dangerfield of linguistics. 

They don' t  ge t  n o respect .  - -  McDonal d (1996 ) 

The investigation of proper name semantics has been a 

periphera l  domai n i n al l  area s o f  cognitiv e science .  Th e 

domain s o f  cognitiv e neuropsycholog y an d agin g accoun t  fo r 

most  prope r  nam e researc h (se e Cohe n &  Burke ,  1993) .  Th e 

paucit y o f  wor k o n prope r  name s i s notabl e whe n on e 

consider s tha t  prope r  name s ar e difficul t  t o lear n an d 

remember  an d would ,  o n th e surface ,  see m t o b e a n invitin g 

are a o f  investigation .  Th e importanc e o f  prope r  name s 

becomes foregrounde d whe n on e consider s ho w often ,  durin g 

th e cours e o f  a  day ,  a  perso n i s require d t o retriev e a  prope r 

name whe n interactin g wit h anothe r  person ,  an d th e 

necessit y o f  retrievin g othe r  informatio n associate d wit h a 

prope r  name . 

Memory Phenomena of Proper Names 

Prope r  name s ar e difficul t  t o lear n compare d t o othe r 

persona l  information .  Whe n subject s learne d differen t  kind s 

of  biographica l  informatio n abou t  fictitiou s persons ,  Cohe n 

and Faulkne r  (1986 )  foun d tha t  prope r  nam e retrieva l  wa s 

more problemati c compare d t o memor y fo r  othe r  persona l 

dat a suc h a s hobbie s o r  occupations .  Retrieva l  failur e wit h 

prope r  name s i s likel y du e t o th e lac k o f  specifi c  semanti c 

informatio n i n th e name' s representation .  Cohe n an d Burk e 

(1993 )  argu e that ,  withou t  thi s semanti c depth ,  ther e ar e fe w 

cues t o us e i n th e retrieva l  process .  Fo r  example ,  i f  a  perso n 

trie s t o retriev e chai r  an d instea d retrieve s seat ,  th e resul t 

woul d likel y stil l  b e useabl e i n th e retrieva l  context . 

Althoug h a n analogou s erro r  ca n occu r  wit h prope r  names . 

th e outcom e i s quit e different .  Retrievin g Dav e whe n Da n 

was intende d result s i n a n erro r  wit h mor e seriou s 

consequences .  Namin g problem s ar e als o frequen t  i n aphasia . 

Semenza (1995 )  discusse s case s i n whic h individual s hav e 

demonstrate d anomi a fo r  prope r  name s a s wel l  a s a  cas e i n 

whic h prope r  nam e informatio n wa s spared . 

Models of Proper Names 

Cases o f  dua l  dissociatio n ca n b e use d t o argu e fo r  a 

dissociatio n betwee n memor y fo r  prope r  name s an d memor y 

fo r  semanti c informatio n i n a n unimpaire d syste m suc h a s i n 

th e model s o f  Burto n an d Bruc e (1993) .  Mos t  model s o f 

prope r  name s shar e th e assumptio n o f  a  separat e memor y 

stor e fo r  prope r  names .  Burto n an d Bruc e offe r  a  ne w 

approac h wit h a n interactiv e activatio n mode l  an d argu e tha t 

names ar e difficul t  t o retriev e no t  becaus e the y ar e 

"meaningless, "  bu t  becaus e the y ar e uniqu e -  ther e i s jus t 

one Bil l  Clinton . 

Ther e ha s bee n ver y littl e discussio n o f  th e 

representationa l  natur e o f  prope r  name s (Cohe n &  Burke , 

1993) .  Th e purpos e o f  thi s pape r  i s t o presen t  a  serie s o f 

simulation s an d experiment s tha t  detai l  wha t  th e Hyperspac e 

Analogu e t o Languag e (HAL )  mode l  o f  memor y ca n offe r  t o 

representationa l  issue s wit h prope r  names .  W e wil l  presen t 

fou r  experiment s th e firs t  tw o wil l  sho w ho w HAL' s 

semantic s ca n b e use d fo r  th e categorizatio n o f  prope r  name s 

and othe r  concepts ;  the n w e tur n t o a  descriptio n o f  th e 

interna l  semantic s o f  common an d famou s prope r  names ; 

and finall y a  discussio n o f  gende r  i n prope r  names . 

The HAL Model of Memory 

H AL i s a  mode l  tha t  develop s wor d meaning s fro m a 

-30 0 millio n wor d corpu s o f  Usene t  tex t  b y utilizin g a 

globa l  co-occurrenc e learnin g algorithm .  H A L store s 

weighte d co-occurrenc e informatio n fo r  th e 70,00 0 mos t 

frequen t  symbols .  Thi s se t  o f  weighte d co-occurrence s form s 

a matri x o f  co-occurrence s fo r  word s i n th e contex t  o f  othe r 

words .  Thi s matri x result s i n a  se t  o f  wor d vector s tha t  serv e 

as coordinate s fo r  th e wor d i n a  140,00 0 high-dimensiona l 

meanin g space .  Th e contextua l  similarit y o f  th e word s i s 

inversel y proportiona l  t o th e distanc e betwee n th e word s i n 

th e hyperspac e (Burges s &  Lund ,  1997 ;  Lun d &  Burgess , 

1996) . 
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The H A L mode l  ha s bee n use d t o investigat e a  broa d 

rang e o f  cognitiv e phenomena ,  includin g semanti c primin g 

effect s an d th e dissociatio n betwee n semanti c an d associativ e 

primin g (Lund ,  e t  al. ,  1996) .  Althoug h mos t  wor k wit h 

H AL ha s bee n i n th e domai n o f  traditiona l  semanti c an d 

categorizatio n research ,  th e wor d vecto r  representation s 

encod e meanin g a t  a  genera l  level ,  no t  jus t  wha t  i s typicall y 

considere d semantic .  Th e stronges t  evidenc e fo r  thi s  i s ho w 

HAL' S representation s encod e grammatica l  categorica l 

informatio n (Burges s &  Lund ,  1997) .  A s a  result ,  HAL' s 

vecto r  representation s ar e bes t  characterize d a s contex t 

vectors ,  rathe r  tha n semanti c vectors ,  sinc e the y encod e th e 

context s i n whic h word s appea r  an d mak e us e o f  thi s 

informatio n i n a  variet y o f  way s (Landaue r  &  Dumais , 

1997) . 

Experiment 1: Proper Names as a Meaning 

C las s 

The goa l  o f  Experimen t  1  i s t o sho w tha t  HAL' s basi c 

abilit y  fo r  categorizatio n extend s t o prope r  names .  I n thi s 

simulation ,  differen t  group s o f  word s ar e subjecte d t o 

multidimensiona l  scalin g (MDS )  i n orde r  t o sho w tha t  th e 

interwor d distance s i n th e high-dimensiona l  meanin g spac e 

can provid e a  basi s fo r  categorization . 

Methods 

Each vecto r  i s a  se t  o f  coordinate s i n high-dimensiona l 

Euclidea n space .  Co-occurrenc e vector s wer e extracte d fo r  al l 

word s use d i n thi s experiment ;  th e M D S solutio n i s show n 

i n Figur e la . 

Results 

Thi s M D S project s point s i n a  140,00 0 high-dimensiona l 

spac e int o a  two-dimensiona l  spac e i n a  non-linea r  fashio n 

tha t  attempt s t o preserv e th e distance s betwee n points . 

Visua l  inspectio n suggest s tha t  th e thre e categorie s o f  word s 

wer e separate d i n th e meanin g space .  Sinc e th e 

dimensionalit y reductio n i s substantial ,  a n analysi s o f 

varianc e ( A N O V A )  o f  th e distance s i n th e high-dimensiona l 

spac e i s conducte d t o provid e anothe r  estimat e o f 

categorization .  Line s hav e bee n draw n i n th e figure s t o mak e 

eve n mor e apparen t  th e separatio n o f  thes e differen t  classe s 

of  items ;  th e A N O V As ar e importan t  t o substantiat e thi s 

visua l  (an d theoretical )  separation .  Th e A N O VA compare s 

th e intragrou p distance s t o intergrou p distances .  I n thi s way , 

one ca n determin e i n th e high-dimensiona l  spac e i f  on e 

grou p o f  word s i s differentiate d fro m th e other s b y th e vecto r 

representations .  Th e prope r  name s ar e separat e fro m th e 

othe r  tw o group s o f  items ,  F  (1 ,  42 )  =  109.71 ,  p  <  .0001 . 

Likewise ,  verb s ar e i n thei r  ow n space ,  F  (1 ,  42 )  =  50.65 ,  p 

< .0001 ;  a s ar e th e nouns ,  F  (1 ,  42 )  =  143.49 ,  p  <  .0001 . 

One ca n observ e interna l  semantic s o f  th e items ;  simila r 

verb s ar e clos e together ,  althoug h like d an d love d ar e distinc t 

fro m shove d an d pushed ,  F  (1 ,  4 )  =  22.08 ,  p  <  .009 .  Ther e 

i s a  suggestio n tha t  mal e prope r  name s occup y a  distinc t 

spac e fro m th e femal e name s an d thi s gende r  issu e wil l  b e 

explore d i n mor e detai l  i n Experimen t  4 . 

Discussion 

The result s fro m thi s simulatio n suppor t  th e contentio n tha t 

word s wit h simila r  meaning s shar e simila r  area s i n th e high -

dimensiona l  space .  Thi s conclusio n hold s fo r  wha t  woul d b e 

considere d mor e semanti c relationship s a s wel l  a s 

grammatica l  categories ;  simila r  t o earlie r  result s (Burges s & 

Lund ,  1997) .  Th e nove l  findin g i s tha t  prope r  name s see m 

t o occup y a  spac e distinc t  fro m othe r  nouns .  W e hav e no t 

yet  show n tha t  prope r  name s hav e an y meaningfu l  interna l 

semantics .  I n th e nex t  experimen t  w e investigat e th e exten t 

tha t  HAL' s vecto r  representation s ca n mak e furthe r 

distinction s amon g prope r  name s an d i n Experimen t  3  w e 

explor e th e questio n abou t  th e interna l  semantic s an d th e 

relationshi p betwee n a  name' s semanti c characteristic s an d 

th e cognitiv e effect s fo r  prope r  name s reporte d i n th e 

literature . 

Experiment 2: Categorization of Diverse 

Type s o f  Prope r  N a m e s 
One domai n i n whic h prope r  name s hav e bee n extensivel y 
investigate d i s i n text-base d informatio n retrieva l  (IR) . 

However ,  prope r  name s ca n exten d t o a  ver y divers e grou p o f 

concepts :  cities ,  governments ,  states ,  famou s persons , 

diseases ,  religions ,  an d s o on .  Approache s t o thi s prope r 

name categorizatio n hav e bee n varie d bu t  ten d t o includ e 

what  McDonal d (1996 )  refer s t o a s interna l  an d externa l 

evidence .  Interna l  evidenc e involve s th e for m o f  a  name , 

whic h i s usuall y recorde d i n som e databas e (e.g. , 

Cornhusker s store d i n a  databas e o f  grea t  footbal l  teams) . 

Externa l  evidenc e use s th e contex t  surroundin g a  nam e (e.g. , 

Presiden t  Clinto n identifie s thi s particula r  Clinto n a s th e 

President) .  Compilation s o f  database s suc h a s thes e ca n 

provid e th e fron t  en d t o a  sophisticate d too l  tha t  can ,  i n 

conjunctio n wit h part-of-speec h taggers ,  parsers , 

morphologica l  analyzers ,  tex t  structurers ,  an d othe r 

components ,  generat e a  ver y reasonabl e categorizatio n o f  a 

divers e se t  o f  prope r  names .  On e o f  th e mor e sophisticate d 

of  thes e ca n correctl y categoriz e 9 6 % o f  th e name s i t 

encounter s (Paik ,  Liddy ,  Yu ,  &  McKenna ,  1996) .  It s 

unclear ,  though ,  i f  thes e approache s wil l  correspon d wel l  t o 

th e cognitiv e processin g tha t  take s plac e durin g nam e 

retrieval .  I n thi s experimen t  w e se e i f  a  mor e divers e se t  o f 

prope r  name s ca n b e categorized .  Th e item s use d i n thi s 

experimen t  wer e motivate d b y th e rang e o f  prope r  noun s 

describe d b y Pai k e t  al . 

Methods and Results 

Co-occurrenc e vector s wer e extracte d fo r  fou r  classe s o f 

prope r  names :  cities ,  states ,  famou s prope r  names ,  an d 

common prope r  names .  A  M D S solutio n wa s compute d (se e 

Figur e lb) .  Visua l  inspectio n suggest s tha t  thes e divers e 

categorie s o f  prope r  name s wer e differentiated .  Citie s wer e 

separate d i n thi s procedur e fro m th e othe r  groups ,  F  (1 ,  70 ) 

= 49.13 ,  p  <  .0001 ;  a s wer e th e states ,  F  (1 ,  70 )  =  28.8 ,  p  < 
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Figur e 1  :  (a )  N a m e s ,  nouns ,  an d verbs ,  (b )  Type s o f  prop e 

noun s 

.0001 .  Althoug h citie s an d state s shar e m a n y feature s an d ar e 

foun d i n simila r  contexts ,  citie s w e r e separat e f r o m th e 

states ,  F  (1 ,  26 )  =  46.87 ,  p  <  .0001 .  F a m o u s prope r  n a m e s 

resid e i n thei r  o w n high-dimensiona l  space ,  F  (1 ,  106 )  = 

32.89 ,  p  <  .0001 ;  a s d o th e c o m m o n prope r  names ,  F  (1 , 

88)  =  65.49 ,  p  <  .0001 .  Furthermore ,  th e famou s name s ar e 

separat e fro m th e c o m m o n names ,  F  (1 ,  58 )  =  99.79 ,  p  < 

.0001 .  Furthe r  interna l  semantic s i s apparen t  a s well .  Th e 

co-occurrenc e vector s fo r  th e tw o president s plac e th e word s 

ver y close .  Likewise ,  murderer s (o r  thos e accuse d o f  murder ) 

shar e a  simila r  space . 

Discussion 

Once again ,  th e high-dimensiona l  meanin g spac e appear s 

capabl e o f  providin g th e basi c contextua l  informatio n fo r  th e 

categorizatio n o f  prope r  names .  Althoug h ther e i s similarit y 

alon g som e dimension s fo r  certai n items ,  fo r  example , 

Reagan an d Hitle r  wer e bot h politicians ;  the y ar e differen t 

withi n tha t  domain .  Th e result s ar e encouragin g fo r  furthe r 

consideratio n i n tha t  thes e vecto r  representation s migh t  b e a 

usefu l  adjunc t  fo r  informatio n retrieva l  engine s a s the y see m 

abl e t o approac h som e o f  th e sam e domain s a s mor e 

traditiona l  approache s wit h considerabl y les s top-dow n 

overhead . 

The within-grou p similarit y o f  som e o f  thes e item s 

(e.g. ,  Reaga n an d Clinton )  suggest s tha t  th e interna l 

semantic s o f  thes e word s ma y provid e usefu l  informatio n 

relate d t o cognitiv e issue s i n prope r  nam e retrieval .  I t  i s thi s 

matte r  tha t  th e nex t  experimen t  addresses . 

Experiment 3: Semantic Neighborhood 

Character is t ic s o f  P r o p e r  N a m e s 

Experiment s 1  an d 2  demonstrate d tha t  H A L ' s wor d 

representation s provid e a  considerabl e informatio n tha t  ca n 

contribut e t o categorization .  Thi s "information "  i s a  se t  o f 

contextua l  cue s fo r  a  word ,  i.e. ,  al l  th e weighte d co -

occurrenc e informatio n tha t  a  wor d ha s associate d wit h i t  a s 

th e movin g windo w slide s alon g th e text .  I t  i s  no t  difficul t 

t o imagin e tha t  thi s contextua l  informatio n migh t  allo w fo r 

th e kin d o f  categorizatio n presente d i n thes e experiments ; 

but ,  a t  th e sam e time ,  perhap s no t  reall y provid e furthe r 

informatio n tha t  coul d provid e suppor t  o r  insight s int o th e 

cognitiv e processe s involve d i n prope r  nam e retrieva l  an d 

representation .  I n Experimen t  3 ,  w e introduc e th e notio n o f 

th e semanti c neighborhoo d an d evaluat e it s potentia l  rol e i n 

th e cognitiv e theor y o f  nam e representation .  A  word' s vecto r 

element s ar e othe r  symbol s i n th e origina l  text .  Th e valu e 

fo r  a  particula r  elemen t  correspond s t o th e weighte d co -

occurrenc e fo r  tha t  wor d i n th e weighte d contex t  o f  th e othe r 

symbol  (usuall y a  word) .  Eac h o f  thes e vecto r  element s i s a 

dimensio n i n th e high-dimensiona l  space .  A n y wor d i n 

HAL ' s 70,00 0 ite m vocabular y ca n b e isolate d i n th e high -

dimensiona l  contex t  space .  I n tha t  space ,  a  wor d wil l  hav e 

othe r  word s tha t  var y i n distanc e fro m it .  Word s tha t  ar e 

clos e ar e referre d t o a s "neighbors. "  I n previou s research . 

Burgess ,  Livesay ,  an d Lun d (1998 )  hav e show n tha t  thes e 

neighborhood s provid e sufficien t  cue s t o allo w h u m a n 

subject s t o distinguis h betwee n simila r  words . 

To illustrat e th e notio n o f  semanti c neighborhoods ,  th e 

closes t  1 2 neighbor s t o tw o word s ar e liste d i n Tabl e 1 .  Th e 

neighborhood s diffe r  i n a  numbe r  o f  respects .  Book' s 

neighbor s includ e word s tha t  ar e ver y clos e i n meanin g t o 

b o o k {story ,  b o o k s ,  paper ,  issue) .  Othe r  neighbor s ar e 

simila r  i n tha t  the y ar e othe r  form s o f  informativ e medi a 

{movie ,  film) ,  an d other s ar e mor e peripherall y relate d 

{game ,  new ,  recent ,  original ,  word ,  series) .  Th e natur e o f  th e 

neighborhoo d fo r  Joh n i s differen t  tha n Book's .  John' s 

neighbor s ar e simpl y othe r  c o m m o n prope r  names ,  and ,  i n 

fact ,  ar e al l  mal e names .  Famou s prope r  name s hav e 

neighborhood s tha t  hav e a  riche r  se t  o f  cues ,  mor e lik e 

object s (se e Tabl e 2) . 

Ther e ar e tw o characteristic s o f  thes e neighborhood s tha t 

sugges t  tha t  H A L ' s neighborhood s ma y provid e cognitivel y 

plausibl e informatio n tha t  woul d facilitat e th e 

representationa l  modelin g o f  prope r  names .  Conside r  wha t 

happen s i n th e cas e o f  a  namin g error .  Presumably ,  th e erro r 

occur s becaus e a  cognitiv e proces s (spreadin g activation ,  a 

semanti c  cue )  wa s imprecis e t o som e degree .  I f  tha t  happen s 

fo r  book ,  an d anothe r  nearb y wor d i s retrieved ,  i t  i s  likel y 

tha t  th e erro r  wil l  b e eithe r  somethin g ver y clos e i n meanin g 

t o book ,  o r  som e cu e tha t  migh t  provid e fo r  th e generatio n 

of  othe r  relevan t  cues .  Conversely ,  i f  ther e i s som e erro r  i n a 

prope r  name ,  th e wron g nam e wil l  b e retrieved .  Prope r  nam e 

neighborhood s lac k th e semanti c dept h t o provid e an y ric h 

cue s fo r  retrieva l  i f  required .  Thi s correspond s nicel y t o mos t 

account s o f  prope r  n a m e retrieva l  error s i n th e literatur e 

(Cohe n &  Burke ,  1993) .  Th e secon d characteristi c tha t  coul d 

hel p explai n thes e type s o f  error s ha s t o d o wit h th e densit y 

of  th e neighborhoods .  Th e number s liste d besid e eac h 

neighbo r  i n Tabl e 1  ar e distance s (i n R C U s ;  se e Lun d & 

Burgess ,  1996 ,  fo r  details )  betwee n th e wor d an d th e 

neighbor .  Not e tha t  th e distanc e a t  th e en d o f  thes e particula r 

neighborhood s diffe r  b y approximatel y 5 0 R C U s ;  th e prope r 

name neighborhoo d (a t  leas t  i n thi s case )  i s dense r  tha n th e 

neighborhoo d fo r  th e c o m m o n object ,  book .  T h e 

implicatio n o f  thi s  i s clear ;  an y erro r  i n th e retrieva l  proces s 
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i s  mor e likel y t o resul t  i n retrieva l  o f  a  neighbor .  Th e 

neares t  neighbo r  o f  Joh n i s David ,  onl y 1 0 RCUs away ; 

wherea s th e neares t  neighbo r  o f  boo k i s story ,  1 7 RCUs 

away.  I n thi s experiment ,  w e tes t  t o se e i f  thi s  i s a  genera l 

resul t  fo r  bot h hig h an d lo w frequenc y matche d noun s an d 

prope r  name s simila r  t o thos e show n i n Tabl e 1 . 

Table 1: Semantic Neighbors of Book and John 

Neighbor s o f  boo k 

stor y = 

game 

movi e = 

new = 

fil m 

book s = 

paper  = 

recen t  = 

origina l  = 

issu e = 

serie s = 

wad = 

343 
360 
368 
368 
382 
384 
394 
395 
396 
398 
398 
399 

Neighbor s o f  Joh n 

davi d = 

pete r  = 

pau l  = 

mik e = 

Stev e = 

mar k = 

James = 

ji m = 

rober t  = 

to m = 

richar d = 

michae l  = 

299 
309 
311 
324 
334 
334 
335 
337 
342 
344 
347 
349 

Tabl e 2 :  Neighborhood s fo r  Politicia n an d Roc k Grou p 

Neighbor s of : 

Clinto n 

republican s 

bus h 

democrat s 

repubbca n 

bil l 

amencan s 

Reaga n 

poo r 

congres s 

america n 

peopl e 

Japanes e 

presiden t 

Neighbor s of :  Beatle s 

origina l 

ban d 

movi e 

son g 

first 

mai n 

lyric s 

britis h 

bes t 

x-file s 

song s 

las t 

albu m 

Method s 

20 hig h an d 2 0 lo w frequenc y prope r  name s wer e frequenc y 

matche d wit h 4 0 nouns .  Al l  word s wer e take n fro m th e 

Usenet  corpus ,  an d thei r  frequenc y wa s a  coun t  o f  time s th e 

word s appeare d i n th e H A L corpus .  Thi s frequenc y 

matchin g wa s performe d t o contro l  fo r  th e finding  tha t 

highe r  wor d frequencie s resul t  i n dense r  wor d neighborhoods . 

Results 

Bot h hig h an d lo w frequenc y name s ha d highe r  neighborhoo d 

densitie s tha n thei r  frequency-matche d nou n counterparts , 

t(l9 )  =  8.12 ,  p  <  .001 ;  /(19 )  =  3.12 ,  p  <.01 .  Thi s resul t 

demonstrate s tha t  eve n whe n name s an d noun s appea r  th e 

same numbe r  o f  time s i n th e corpus ,  prope r  name s hav e 

dense r  wor d neighborhood s i n high-dimensiona l  space . 

Discussion 

The analysi s o f  th e prope r  nam e an d commo n objec t 

neighborhood s provide s severa l  insight s int o th e difficult y 

commonl y see n wit h prope r  names .  Neighbo r  similarit y 

wit h common object s reduce s th e potentia l  impac t  o f  a n 

error .  A n erro r  wit h a  prope r  nam e wil l  almos t  certainl y 

resul t  i n th e wron g name .  Thi s i s exacerbate d b y th e 

differenc e i n th e densitie s o f  thes e tw o type s o f 

neighborhoods .  I n Experiment s 1  an d 2  ther e wa s som e 

indicatio n i n a n effec t  o f  gende r  — mal e an d femal e name s 

appea r  t o occup y separat e spaces .  Furthermore ,  th e 

neighborhood s o f  mal e an d femal e name s diffe r  i n thei r 

compositio n o f  mal e an d femal e names .  I n Experimen t  4  w e 

explor e th e natur e o f  thi s possibl e gende r  effect . 

Experiment 4a: Gender Categorization in 

H i g h Dimensiona l  Spac e 

The previou s result s provid e evidenc e tha t  prope r  name s 

occup y thei r  ow n local e i n high-dimensiona l  spac e Bu t 

what  o f  categorization s withi n th e pur e nam e spac e itself ? 

Specifically ,  w e wer e intereste d i n determinin g wha t  effec t 

th e gende r  o f  th e prope r  name s ha s o n tha t  name' s placemen t 

withi n high-dimensiona l  space . 

Methods 

A se t  o f  high-frequenc y mal e an d femal e name s wa s draw n 

fro m th e corpus ,  an d co-occurrenc e vector s wer e compute d 

fo r  th e names .  A n M D S wa s performe d o n th e co -

occurrenc e vector s t o determin e whethe r  name s woul d 

categoriz e i n high-dimensiona l  spac e base d o n gender . 

Results 

Analysi s o f  th e M D S (Figur e 2a )  demonstrate s tha t  th e 

model  distinguishe d wel l  betwee n mal e an d femal e names , 

clusterin g eac h i n it s ow n locatio n i n hig h dimensiona l 

space .  I n additio n t o th e M D S solution s demonstratin g 

gender-base d discriminability ,  a n A N O VA wa s performe d o n 

th e intragrou p an d intergrou p nam e distance s t o provid e 

inferentia l  suppor t  fo r  th e M D S model .  I n thi s analysis , 

mal e name s wer e differentiate d fro m femal e names ,  F(l,188 ) 

= 261.80 ,  p  <  .001 .  Th e co-occurrenc e vector s provid e 

evidenc e tha t  thes e mal e an d femal e prope r  name s ar e 

clusterin g i n distinguishabl e group s i n high-dimensiona l 

space .  However ,  ther e i s a  significan t  differenc e i n frequency 

betwee n mal e an d femal e name s i n th e corpus .  Sinc e th e 

prope r  name s use d wer e rank-ordere d an d th e highes t 

frequenc y mal e an d femal e name s used ,  thi s differenc e i n 

frequenc y wa s no t  take n int o effect .  Sinc e frequency  ca n 

pla y a  stron g rol e i n co-occurrenc e vectors ,  i t  i s  importan t 

t o determin e whethe r  th e gender-base d prope r  n a m e 

clusterin g i n hig h dimensiona l  spac e i s merel y a  frequency 

effec t  o r  du e t o gende r  discriminabilit y  i n th e prope r  nam e 

co-occurrenc e vectors . 

Expe r imen t  4b : 

F requency -Ma tche d G e n d e r  Categorizatio n 

The previou s simulatio n supplie d evidenc e tha t  name s wer e 

categorize d b y gende r  i n high-dimensiona l  space .  However , 

whethe r  thi s wa s du e t o th e greate r  frequenc y o f  th e mal e 

prope r  name s o r  wa s th e resul t  o f  gende r  informatio n 

containe d withi n th e prope r  nam e co-occurrenc e vector s wa s 
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lis a 

mar y 

(a ) 

kare n 

susa n 

ann 

Joh n 

davi d 

rober t 

richar d 

jame s 

elizabet h 

kare n 

Jennife r 

(b ) 

barbar a 

meliss a 

nei l 

harol d 

edwar d 

kennet h 

aaro n 

Figur e 2 :  (a )  Prope r  nam e gende r  categorization ,  (b )  Frequenc y controlle d prope r  nam e gende r  categorizatio n 

not  clear .  Ou r  hypothesi s wa s tha t  althoug h frequenc y 

migh t  pla y som e rol e i n gender-base d categorizatio n o f 

prope r  name s i n high-dimensiona l  space ,  gende r  informatio n 

containe d i n th e co-occurrenc e vector s wa s als o providin g 

categorica l  information .  T o limi t  th e possibl e effect s o f 

frequenc y i n gende r  categorization ,  anothe r  simulatio n wa s 

performe d i n whic h th e mal e an d femal e prope r  name s wer e 

matche d fo r  frequenc y t o contro l  fo r  th e greate r  frequenc y o f 

mal e name s i n th e corpus . 

Methods 

Anothe r  se t  o f  high-frequenc y mal e an d femal e name s wa s 

take n fro m th e Usene t  corpus .  However ,  i n thi s simulatio n 

th e prope r  name s wer e chose n i n frequency-matche d mal e an d 

femal e pairs .  Co-occurrenc e vector s wer e extracte d fro m th e 

model  fo r  thi s lis t  o f  name s an d a n M D S wa s performe d o n 

thes e co-occurrenc e vectors . 

Results 

Analysi s o f  th e M D S demonstrate d tha t  mal e an d femal e 

names wer e agai n discriminate d b y gender ,  eve n whe n th e 

prope r  name s wer e matche d fo r  frequenc y (se e Figur e 2b) . 

An A N O V A provide d furthe r  inferentia l  suppor t  fo r  thi s 

finding ,  showin g tha t  mal e an d femal e intranam e frequencie s 

wer e significantl y highe r  tha n internam e frequencies ,  F 

(1,188 )  =  4.37 ,  p  <  .05 ;  F  (1 ,  188 )  =  9.66 ,  p  <  .01 .  Thes e 

result s provid e evidenc e tha t  gende r  categorizatio n i n high -

dimensiona l  spac e i s no t  merel y du e t o th e highe r  frequenc y 

of  th e mal e names ,  bu t  rathe r  tha t  gende r  informatio n i s 

containe d i n th e co-occurrenc e vector s o f  th e prope r  names . 

Experiment 4c: 
Gender  Informatio n i n Hig h Dimensiona l 

Prope r  N a m e Neighborhood s 
Simulatio n 4 b provide d evidenc e tha t  mal e an d femal e name s 
occupie d differen t  location s i n hig h dimensiona l  space ,  eve n 

when th e greate r  frequenc y o f  mal e name s wa s take n int o 

accoun t  an d controlle d for .  Th e purpos e o f  thi s simulatio n 

was t o provid e furthe r  evidenc e tha t  gende r  separatio n i n 

hig h dimensiona l  spac e wa s no t  a n effec t  o f  frequency ,  bu t 

rathe r  tha t  usefu l  gende r  informatio n wa s containe d i n th e 

neighborhood s o f  mal e an d femal e prope r  names . 

Method s 

Neighborhood s consistin g o f  100 0 word s wer e extracte d fo r  a 

lis t  o f  mal e an d femal e names .  A  lis t  o f  adjective s wa s the n 

derive d fro m thes e neighborhood s a s see n i n Tabl e 3 . 

Adjective s wer e chose n ove r  othe r  classe s o f  word s becaus e 

the y wer e th e leas t  ambiguous ,  tha t  is ,  mos t  unlikel y t o 

belon g t o mor e tha n on e clas s o f  word s (a n exampl e o f  thi s 

i s  bill ,  whic h ca n b e a  prope r  name ,  a  non-nam e nou n wit h 

severa l  possibl e meanings ,  o r  a  verb) .  Ou r  goa l  wa s t o 

determin e i f  gende r  informatio n woul d b e preserve d i n thes e 

adjectives .  T w o list s o f  adjectives ,  on e derive d fro m mal e 

names an d on e derive d fro m femal e names ,  wer e presente d t o 

participants ,  wh o wer e aske d t o judg e whic h lis t  cam e fro m 

th e neighborhoo d o f  a  mal e nam e an d whic h lis t  cam e fro m 

th e neighborhoo d o f  a  femal e name . 

Results 

Participant s wer e ver y proficien t  i n determinin g whethe r  th e 

list s cam e fro m mal e neighborhood s o r  femal e 

neighborhoods ,  ̂ 2 (i ,  y y =  66 )  =  21.32 ,  p  <  .001 .  Thes e 

result s provid e mor e evidenc e tha t  gende r  separatio n i n th e 

high-dimensiona l  nam e spac e i s no t  merel y frequency-based , 

but  rathe r  tha t  gende r  relevan t  informatio n i s bein g preserve d 

i n th e co-occurrenc e vector s fo r  prope r  names . 

Table 3: Adjective Neighbors of Male and Female Names 

Neighbor s 

centra l 

specia l 

ful l 

persona l 

Swedis h 

af :  mal e name s 

sur e 

nationa l 

doubl e 

goo d 

digita l 

Neighbor s of :  femal e name s 

sweet 

hot 
las t 

new 
lovel y 

beautifu l 

pin k 

wil d 

gran d 

coo l 

G e n e r a l  D i scuss io n 

Ther e i s a  deart h o f  researc h int o th e natur e o f 

representation s i n prope r  name s (Cohe n &  Burke ,  1993) .  A t 

th e sam e tim e ther e i s a  consensu s abou t  severa l  aspect s o f 

what  th e representation s mus t  b e like ;  c o m m o n name s lac k 

a substantia l  semanti c component ;  whereas ,  famou s name s 

hav e th e riche r  semanti c componen t  muc h lik e wel l  know n 

objects .  W e sugges t  tha t  globa l  co-occurrenc e models ,  suc h 

as H A L ,  tha t  develo p representation s b y utilizin g th e 

context s i n whic h name s occu r  ar e a  plausibl e candidat e fo r 
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prope r  nam e representation .  A  numbe r  o f  experiment s wer e 

presente d tha t  mak e thi s case .  First ,  c o m m o n an d famou s 

prope r  name s occup y thei r  o w n meanin g area s i n th e high -

dimensiona l  space .  A n analysi s o f  th e neighborhood s 

surroundin g c o m m o n name s sugges t  tha t  ther e ar e tw o 

factor s tha t  ma y contribut e t o ho w retrieva l  failur e i s mor e 

likel y fo r  names .  First ,  c o m m o n nam e neighborhood s 

contai n othe r  c o m m o n names ;  whereas ,  neighborhood s o f 

othe r  noun s contai n a  ric h se t  o f  cue s a s t o thei r  meanin g 

(se e Tabl e 1) .  Thus ,  a n erro r  i n retrieva l  o f  a  c o m m o n nam e 

result s i n retrievin g th e wron g name ,  bu t  a n erro r  i n retrieva l 

wit h othe r  noun s wil l  likel y stil l  resul t  i n th e retrieva l  o f 

somethin g semanticall y relevan t  tha t  ma y eithe r  suffic e 

give n context ,  o r  coul d b e use d t o bootstra p th e intende d 

concept .  Thi s descriptio n o f  th e semanti c neighborhood s 

parallel s discussio n i n th e prope r  nam e literatur e (Cohe n & 

Burke )  abou t  th e lac k o f  detaile d semantic s o f  c o m m o n 

names.  Th e analysi s o f  H A L ' s nam e neighborhoods , 

however ,  generate d a  hypothesi s tha t  ha s no t  bee n discusse d 

i n th e literature .  W e foun d tha t  th e high-dimensiona l  spac e 

of  th e prope r  nam e neighborhood s i s  dense r  tha n fo r 

frequency-balance d c o m m o n objects .  Thus ,  an y erro r  i n 

retrieva l  make s a n erro r  wit h c o m m o n name s mor e likel y 

tha n wit h c o m m o n objects .  W e thin k tha t  H A L offer s a 

plausibl e descriptio n (o r  a t  leas t  a  goo d startin g point )  o f 

neighborhood s o f  famou s names .  Thes e neighborhood s 

contai n a  muc h riche r  se t  o f  cues ,  muc h lik e tha t  o f 

c o m m on object s (se e Tabl e 2) .  Representation s suc h a s 

thes e provid e fo r  a  large r  se t  o f  cue s fo r  retrieva l  an d a  dept h 

of  knowledg e suc h a s ha s bee n hypothesize d b y others . 

One salien t  aspec t  t o th e prope r  nam e representation s wa s 

gende r  an d thi s wa s unexpected .  Give n th e natur e o f  Usene t 

text ,  i t  wa s though t  tha t  th e gende r  distinction s ma y simpl y 

be asymmetrie s i n th e frequenc y o f  use .  However ,  thi s wa s 

rule d ou t  i n Experimen t  4b .  Lendin g suppor t  t o thi s 

distinctio n wa s Experimen t  4 c whic h showe d tha t  human s 

wer e sensitiv e t o th e gende r  bia s o f  th e adjective s i n mal e 

and femal e nam e neighborhoods .  Furthe r  investigatio n i s 

require d int o th e context s i n whic h mal e an d femal e name s 

occu r  i n orde r  t o sa y mor e abou t  thi s result .  A n importan t 

avenu e fo r  futur e researc h wil l  b e t o se e i f  thes e gende r  cue s 

ar e goo d retrieva l  cues . 

Most  model s o f  prope r  name s posi t  a  separat e componen t 

fo r  th e storag e o f  prope r  nam e lexical/semanti c entrie s 

(Burto n &  Bruce ,  1993) .  I t  i s  eas y t o imagin e th e 

motivatio n fo r  thi s ste p give n th e strikin g dissociation s tha t 

tak e plac e wit h brain-damage d patient s (Semenza ,  1995) . 

Furthermore ,  withou t  a  testabl e representationa l  mode l  i t  i s 

difficul t  t o imagin e prope r  nam e informatio n residin g wit h 

othe r  lexica l  an d semanti c information .  However ,  th e result s 

presente d her e sugges t  tha t  a  H A L offer s on e approac h t o a 

singl e mode l  o f  meanin g i n whic h semantic ,  grammatical , 

and c o m m o n an d famou s prope r  nam e informatio n ca n 

coexis t  i n on e system .  Thes e differen t  kind s o f  knowledg e 

ar e i n differen t  area s o f  th e high-dimensiona l  space ,  bu t  w e 

thin k tha t  considerin g th e possibilit y o f  a  singl e meanin g 

syste m m a y facilitat e n e w insight s (suc h a s th e 

neighborhoo d densit y finding) ,  a s wel l  a s ne w question s t o 

ask .  Althoug h i t  ma y appea r  surprisin g tha t  al l  thi s 

informatio n coul d b e encode d i n th e sam e meanin g system , 

i t  i s  importan t  t o bea r  i n min d tha t  th e underlyin g principl e 

i n th e encodin g o f  conceptua l  informatio n i n H A L i s  tha t 

th e context s i n whic h word s appea r  determine s thei r 

meaning .  Th e investigatio n o f  prope r  name s wil l  likel y 

benefit ,  lik e al l  othe r  area s o f  cognitiv e science ,  b y th e 

developmen t  o f  computationa l  model s o f  representation . 
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