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Effect s o f  Backgroun d Knowledg e 

on Famil y Resemblanc e Sortin g 

Woo-Kyoung Ahn 

Universit y o f  Michiga n 

Abstract 
Previou s studie s o n categor y constructio n hav e show n tha t  peopl e hav e a  stron g 

bia s o f  creatin g categorie s base d onl y o n a  singl e dimension .  A h n an d Medi n (1989 ) 

hav e develope d a  two-stag e mode l  o f  categor y constructio n t o explai n wh y w e hav e 

categorie s structure d o n th e basi s o f  overal l  similarit y o f  member s i n spit e o f  thi s bias . 

The curren t  stud y investigate s effect s o f  backgroun d knowledg e o n categor y 

construction .  Th e result s showe d tha t  peopl e create d famil y resemblanc e categorie s 

more frequentl y whe n the y ha d a  prior i  knowledg e o n prototype s o f  potentia l  famil y 

resemblanc e categories .  I t  wa s als o foun d tha t  peopl e create d famil y resemblanc e 

categorie s muc h mor e frequentl y whe n the y ha d knowledg e o n underlyin g dimension s 

whic h integrate d surfac e feature s o f  examples .  H o w th e two-stag e mode l  shoul d b e 
extende d i s discussed . 

Introduction 

Generally ,  i t  ha s bee n argue d tha t  natura l  categorie s lac k definin g feature s tha t 

ar e tru e t o al l  member s i n th e sam e categor y (Rosc h &  Mervis ,  1975 ;  Smit h & 

Medin ,  1981) .  Instead ,  natura l  categorie s ar e considere d t o hav e famil y resemblanc e 

(FR )  structure :  member s i n th e sam e categor y ar e generall y simila r  t o eac h othe r  bu t 
members i n differen t  categorie s ar e dissimila r  t o eac h other .  Rosc h (1975 )  argue d 

tha t  F R categorie s migh t  b e create d becaus e peopl e woul d tr y t o achiev e a 
compromis e betwee n maximizin g within-categor y similarit y an d minimizin g between -

categor y similarity .  However ,  previou s studie s showe d tha t  peopl e rarel y sor t 
unclassifie d example s base d o n thei r  overal l  similarit y (Ahn ,  1990 ;  A h n &  Medin , 
1989;  Ima i  &  Garner ,  1965 ,  1968 ;  Medin ,  Wattenmaker ,  &  Hampson ,  1987) .  Subject s 

i n thes e experiment s showe d a  stron g tendenc y t o sor t  example s base d o n value s o n a 
singl e dimensio n (uni-dimensiona l  sorting )  t o creat e categorie s wit h definin g features . 

Ahn an d Medi n (1989 )  develope d a  two-stag e mode l  t o explai n wh y w e hav e F R 
structur e i n spit e o f  thi s stron g bia s fo r  uni-dimensiona l  sorting .  Althoug h th e two -

stag e mode l  ha s s o fa r  bee n successfu l  i n describin g whe n uni-dimensiona l  sortin g an d 
when F R sortin g wil l  b e observed ,  th e mode l  ha s onl y bee n applie d t o domain s wher e 

peopl e d o no t  hav e an y backgroun d knowledg e o n example s t o b e classified .  Th e 
presen t  wor k investigate s th e effect s o f  variou s type s o f  backgroun d informatio n o n 

creatio n o f  F R categories .  Specifically ,  thi s stud y i s concerne d wit h ho w knowledg e 

abou t  prototype s an d underlyin g dimension s affec t  people' s sortin g behavior . 

The firs t  par t  o f  th e pape r  briefl y review s previou s dat a fro m fre e sortin g task s i n 

knowledge-poo r  domains ,  followe d b y th e two-stag e model' s explanation s o f  thes e 
data .  Th e secon d par t  present s a n experimen t  i n whic h subject s wer e provide d wit h 
eithe r  prototype s o r  theorie s underlyin g categories .  Th e fina l  sectio n discusse s ho w 

th e two-stag e mode l  shoul d b e extende d t o handl e th e dat a obtaine d i n th e curren t 

experiment . 
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Previou s Result s 

Medi n e t  al.' s  experiment s (1987 )  ar e th e firs t  systemati c stud y showin g tha t 

peopl e rarel y create d F R categorie s eve n whe n exemplar s t o b e classifie d wer e 

develope d aroun d prototype s o n th e basi s o f  overal l  similarity .  Figur e 1  show s th e 

abstrac t  notatio n o f  stimul i  use d i n thei r  experiments .  I n thi s figure ,  th e firs t  colum n 

(El ,  E2 ,  ... )  indicate s eac h example s an d th e nex t  fou r  column s indicat e eac h 

example' s value s o n 4  dimension s (Dl ,  D2 ,  D3 ,  an d D4) .  TTies e exemplar s ha d 

characteristi c feature s i n th e resultin g F R categorie s (i.e. ,  feature s tha t  ar e generall y 

tru e t o member s i n th e sam e categor y bu t  ca n als o appea r  i n contrastin g categories) . 

Th e exemplar s ar e lai d ou t  i n tw o categories ,  eac h o f  whic h indicat e on e o f  th e 

potentia l  F R categories . 

Dl D2 D3 D4 Dl D2 D3 D4 

El  0  0  0 0  E 6 1  1  1  1 

E2 0  0  0  1  E 7 1  1  1  0 

E3 0  0  1  0  E 8 1  1  0  1 

E4 0  1  0  0  E 9 1  0  1  1 

E5 1  0  0 0  El O 0  1  1  1 

Figure 1. Abstract Notation of Stimuli Used in Medin, 

Wattenmaker ,  &  Hanipson(1987 ) 

This set consists of two prototypes (El and E6) and four distortions of each 

prototype ,  whic h wer e develope d b y replacin g a  valu e o f  a  prototyp e wit h th e valu e o f 

a contrasting g prototype .  Subject s i n Medi n e t  al.' s  experiment s wer e aske d t o creat e 

tw o categorie s fro m thes e exemplars .  Accordin g t o similarity-base d clusterin g model s 

(se e Anderberg ,  1973 ;  Massar t  &  Kaufman ,  1983 ,  fo r  reviews) ,  an d categor y con -

structio n model s considerin g predictabilit y  o f  categorie s a s a  critica l  determinan t  o f 
categor y constructio n (Anderson ,  i n press ;  Fishe r  1989) ,  th e tw o categorie s tha t  th e 

subject s woul d creat e shoul d b e F R categorie s (se e Ahn ,  1990 ;  A h n &  Medin ,  198 9 

fo r  mor e details) .  However ,  almos t  al l  subject s i n Medi n e t  al.' s  experiment s sorte d 

example s base d o n value s o n a  singl e dimension .  The n wh y d o w e hav e F R 

categories ? 

Two-Stage Model 

To explai n thes e results ,  A h n an d Medi n (1989 )  propose d a  two-stag e mode l  o f 

categor y construction ;  th e firs t  stag e involve s sortin g example s base d o n on e 

dimensio n an d th e secon d stag e involve s assignin g remainin g example s base d o n thei r 

overal l  similarit y t o th e initiall y  create d categorie s (se e als o Ahn ,  submitted ;  Ahn , 

1990 ,  fo r  mor e details) .  A h n an d Medi n argue d tha t  th e reaso n wh y hardl y an y F R 

sortin g wa s observe d i n Medi n e t  al.' s  experiment s wa s becaus e thei r  example s ha d 

characteristi c feature s i n th e resultin g F R categories :  afte r  subject s carrie d ou t  uni -

dimensiona l  sortin g i n th e firs t  stage ,  ther e existe d n o remainin g example s t o b e 

classifie d i n th e secon d stage ,  resultin g i n uni-dimensiona l  categories . 

Th e two-stag e mode l  argue s tha t  F R categorie s ca n b e create d a s a  by-produc t  o f 

th e tw o stage s onl y whe n th e resultin g categorie s hav e sufficien t  features .  Tak e a n 

exampl e o f  th e se t  use d i n A h n an d Medi n (1989 )  show n i n Figur e 2  unde r  th e 
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Sufficien t  set .  Th e F R categorie s fro m thi s se t  consiste d onl y o f  sufficien t  feature s 

(i.e. ,  O' s an d 2's) .  Suppos e a  tas k i s t o creat e tw o categorie s an d th e firs t  dimensio n 

was chose n fo r  th e mos t  saHen t  dimension .  I n th e firs t  stage ,  th e mode l  categorize s 

El ,  E2 ,  E3 ,  an d E 4 int o on e categor y an d E6 ,  E7 ,  E8 ,  an d E 9 int o anothe r  category . 

I n th e secon d stage ,  on e o f  th e remainin g examples ,  E5 ,  i s groupe d wit h El ,  E2 ,  E3 , 

and E4 ,  an d El O i s groupe d wit h E6 ,  E7 ,  E8 ,  an d E9 ,  base d o n thei r  overal l 

similarity .  A s a  result ,  th e fina l  categorie s hav e a  F R structure .  O n th e othe r  hand , 

when th e resultin g F R categorie s hav e characteristi c feature s suc h a s i n th e se t  use d 

i n Medi n e t  al.' s  experiment s an d th e Characteristi c se t  i n Figur e 2 ,  th e resultin g 

categorie s ar e alway s uni-dimensional . 

I n Ah n an d Medin' s experiments ,  a s predicte d b y th e model ,  n o subject s give n th e 

Characteristi c se t  create d F R categorie s wherea s mor e tha n hal f  o f  thos e give n th e 

Sufficien t  se t  create d F R categories . 

El 

E2 

E3 
E4 

E5 

Sufficien t  Se t 

0 0 0 0 
0 0 0 1 
0 0 1 0 

0 1 0 0 

1 0 0 0 

E6 2 2 2 2 

E7 2  2 2  1 
E8 2  2  1 2 

E9 2  1 2 2 

El O 1  2  2  2 

Characteristi c Se t 

El  0 0 0 0 
E2 0  0 0  1 
E3 0  0 2  0 

E4 0  1 0 0 

E5 2 0 0 0 

E6 2 2 2 2 

E7 2  2  2  0 
E8 2  2  1 2 

E9 2  0 2 2 

El O 1  2  2  2 

Figur e 2 .  Abstrac t  notatio n o f  Sufficien t  an d Characteristi c Se t 

Sorting in Knowledge-Rich Domains 

Althoug h existenc e o f  sufficien t  feature s i s show n t o b e a n importan t  determinan t 
of  sortin g i n knowledge-poo r  domains ,  i t  ma y no t  b e th e onl y on e i n knowledge-ric h 

domains .  Result s fro m Medi n e t  al.' s  Experiment s 5  an d 6  sugges t  tha t  knowin g 
interpropert y relation s i s a n importan t  determinan t  o f  creatio n o f  F R categories .  The y 

used personalit y descriptions ,  prototype s o f  whic h ar e description s o f  eithe r  a n 
introver t  o r  a n extrover t  person .  W h e n al l  fou r  dimension s wer e develope d i n suc h a 
way tha t  the y coul d b e relate d i n term s o f  a  singl e underlyin g dimensio n (i.e. , 

introver t  /  extrover t  dimension) ,  mos t  o f  th e participant s create d F R categories . 

However ,  thes e experiment s relie d o n th e backgroun d knowledg e tha t  wa s pre -

experimentall y obtaine d b y th e subjects . 
To bette r  contro l  th e backgroun d knowledge ,  i n th e curren t  experiment , 

knowledg e o n interpropert y relationshi p i s experimentall y manipulate d b y providin g 
participant s wit h informatio n o n ho w dimension s coul d b e relate d i n term s o f  a 

deepe r  theory ^  Tak e a n exampl e use d i n th e curren t  experiment .  Ther e wer e fou r 

dimension s whic h wer e description s o f  tribes :  Th e firs t  dimensio n wa s whethe r  a  trib e 

wor e cotto n clothe s o r  leathe r  clothes .  Th e secon d dimensio n wa s whethe r  the y ha d 
monotheis m o r  polytheism .  Th e thir d dimensio n wa s whethe r  the y wer e rule d b y 

hierarchica l  leader s o r  b y a  singl e leader .  Th e fourt h dimensio n wa s whethe r  the y 

Ther e hav e bee n debate s o n wha t  theorie s are .  Althoug h i n thi s pape r  I  use d th e term ,  theory ,  t o refe r 
t o underlyin g dimension s an d thei r  relationshi p wit h surfac e features ,  i t  m a y b e a n inappropriat e us e o f  th e 
term . 
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cremate d th e dea d o r  burie d th e dead . 

At  firs t  sight ,  thes e dimension s see m t o b e jus t  a  lis t  o f  independen t  features ,  bu t 

the y ca n b e easil y integrate d i n term s o f  a n agricultura l  /  nomadi c dimension .  Tha t  is , 

agricultura l  tribe s wor e cotto n clothe s obtaine d i n thei r  farms ,  wer e monotheist s 

becaus e the y hardl y ha d an y chanc e t o lear n othe r  type s o f  religion ,  ha d hierarchicall y 

organize d leader s t o contro l  farmer s livin g i n thei r  areas ,  an d burie d th e dea d nea r 

thei r  farms .  Nomadi c tribe s wor e leathe r  clothe s obtaine d fro m thei r  hunting ,  wer e 

polytheist s becaus e the y ha d contacte d man y type s o f  religion s whil e travelling ,  ha d a 

singl e leade r  t o mak e flexibl e an d quic k decision s i n thei r  changin g environments ,  an d 

cremate d th e dea d becaus e the y wer e alway s o n th e move . 

Th e underlyin g theorie s ca n b e als o use d t o determin e prototype s o f  categorie s 

(o r  ideals ,  Barsalou ,  1985 )  o f  th e potentia l  F R categories ,  eac h o f  whic h consist s o f 

characteristi c value s o f  eac h category .  Therefore ,  eve n i f  F R sortin g i s observe d whe n 

interpropert y relationship s ar e known ,  i t  ca n b e simpl y attribute d t o th e advantag e o f 

knowin g th e prototype s o f  th e F R categories .  T o investigat e whethe r  ther e i s a n 

additiona l  advantag e o f  knowin g theorie s beside s knowin g prototypes ,  i t  i s  importan t 

t o hav e a  conditio n i n whic h subject s lear n prototype s withou t  knowin g abou t 

interpropert y relations . 

Previously ,  prototype s hav e bee n considere d a s a  collectio n o f  averag e o r  th e 

most  frequen t  value s o n eac h dimensio n use d t o represen t  member s i n th e sam e 

category .  I n thes e type s o f  prototyp e representations ,  interpropert y relation s ar e no t 

necessaril y  preserved .  I n th e cas e o f  agricultura l  /  nomadi c examples ,  knowin g tha t  a 

prototyp e o f  on e categor y hav e value s o f  "monotheism ,  cotto n clothes ,  buryin g th e 

dead ,  hierarchica l  leaders "  doe s no t  indicat e ho w thes e value s ar e relate d t o eac h 

other .  Therefore ,  i f  subject s wh o receiv e onl y prototyp e informatio n ca n b e compare d 

t o thos e w h o receiv e underlyin g theories ,  w e ca n examin e whethe r  ther e i s a n 

additiona l  advantag e o f  knowin g interpropert y relations . 

Anothe r  rational e fo r  havin g th e prototyp e conditio n i s a s follows .  Peopl e ma y 

lear n th e mos t  typica l  example s firs t  an d the n construc t  categorie s aroun d th e 

prototypes .  O n e ca n argu e tha t  i n th e previou s experiments ,  peopl e migh t  hav e faile d 

t o produc e F R categorie s simpl y becaus e the y coul d no t  fin d prototypes .  Accordin g t o 
thi s argument ,  subject s ma y b e mor e likel y t o creat e F R categorie s i f  prototype s ar e 

give n befor e fre e sortin g tasks .  Therefore ,  introducin g th e prototyp e conditio n allow s 

us t o investigat e whethe r  th e failur e t o construc t  F R categorie s wa s simpl y du e t o 

failur e t o identif y prototypes . 

Method 

Basically ,  subject s receive d a  se t  o f  exemplar s an d wer e aske d t o sor t  the m int o 

tw o groups  o f  an y size .  Ther e wer e tw o group s o f  subject s dependin g o n whethe r  the y 

receive d th e Characteristi c se t  o r  th e Sufficien t  se t  i n Figur e 2 .  Hal f  o f  th e subject s i n 

eac h grou p receive d th e se t  instantiate d i n picture s o f  flower s an d th e othe r  hal f 

receive d th e se t  instantiate d i n description s o f  tribes . 

For  th e flowe r  stimuli ,  th e fou r  dimension s an d th e value s correspondin g t o 0  an d 

2 fo r  eac h dimensio n wer e a s follows .  Th e firs t  dimensio n wa s colo r  wit h 0  bein g 

brigh t  colo r  an d 2  bein g dar k color .  Th e secon d dimensio n wa s whethe r  flower s 

bloome d a t  nigh t  o r  durin g daytime .  Th e thir d dimensio n wa s whethe r  flower s 

bloome d o n tree s o r  o n grass .  Th e fourt h dimensio n wa s whethe r  flower s wer e 
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locate d nea r  wate r  o r  distan t  fro m water .  (Part s o f  thes e stimul i  wer e take n fro m 

Nakamura ,  1985. )  Th e subject s wh o receive d th e flowe r  stimul i  wer e explicitl y 

instructe d abou t  th e fou r  dimension s an d thei r  values .  Fo r  th e trib e stimuli ,  th e fou r 

dimension s an d th e value s wer e describe d i n th e earlie r  section .  Fo r  bot h type s o f 

stimuli ,  th e valu e 1  wa s absenc e o f  an y valu e o n th e dimension .  Th e subject s wer e 

tol d tha t  i f  a  certai n dimensio n wa s no t  show n i n a n example ,  i t  mean t  tha t  th e 

informatio n o n th e dimensio n wa s no t  available . 

Withi n eac h stimulu s se t  an d withi n eac h stimulu s type ,  ther e wer e thre e group s 

dependin g o n type s o f  backgroun d knowledg e the y receive d befor e sorting .  Th e type s 

of  backgroun d knowledg e tha t  th e subject s receive d wer e eithe r  non e (Contro l  group) , 

prototype s (Prototyp e group) ,  o r  underlyin g theorie s (Theor y group) . 

The contro l  grou p wh o di d no t  receiv e an y informatio n abou t  prototype s wa s 

simpl y aske d t o sor t  te n card s i n a  wa y tha t  seeme d natura l  t o them .  Ther e wer e 7 8 
subject s i n th e contro l  grou p wh o wer e evenl y distribute d acros s th e Characteristi c 

and th e Sufficien t  se t  condition s an d acros s th e tw o type s o f  stimuli . 

The Prototyp e grou p receive d eigh t  non-prototyp e example s an d wa s aske d t o 
sor t  the m int o tw o categorie s i n a  wa y tha t  seeme d natura l  t o them .  Wit h thes e 

instructions ,  the y receive d tw o prototype s o f  th e potentia l  F R categorie s (i.e. ,  0  0  0  0 
and 2  2  2  2  i n bot h th e Characteristi c an d Sufficien t  set )  an d wer e tol d tha t  thes e 

wer e th e mos t  typica l  exemplar s o f  th e tw o categorie s tha t  the y wer e t o create .  Ther e 
wer e 8 0 subject s i n th e prototyp e grou p wh o wer e als o evenl y distribute d acros s th e 

variou s conditions . 
The theor y grou p receive d onl y th e eigh t  non-prototyp e example s couple d wit h 

theorie s underlyin g eac h categor y the y wer e t o create .  Fo r  th e flowe r  stimuli ,  the y 

wer e tol d tha t  on e grou p o f  flower s attracte d a  hypothetica l  clas s o f  bird s calle d 

"champin "  an d th e othe r  attracte d a  hypothetica l  clas s o f  bee s calle d "trood. "  The y 
wer e als o tol d tha t  th e champi n bird s like d brigh t  color ,  wer e activ e a t  night ,  fle w 

high ,  an d lai d egg s nea r  wate r  an d tha t  th e troo d bee s like d dar k color ,  wer e activ e 

durin g daytime ,  hovere d low ,  an d lai d egg s distan t  fro m water .  Fo r  th e trib e stimuli , 

the y wer e tol d abou t  th e theorie s o n th e agricultura l  /  nomadi c distinctio n mentione d 
i n th e earlie r  section .  Althoug h the y coul d presumabl y determin e th e prototype s o f 
th e potentia l  F R categorie s base d o n th e theories ,  the y di d no t  se e th e actua l 
prototype s durin g th e experiment .  Ther e wer e 7 7 subject s i n th e theor y grou p wh o 

wer e evenl y distribute d t o th e variou s conditions . 

Results 
The result s ar e summarize d i n Tabl e 1 .  Number s i n th e tabl e indicat e 

percentage s o f  F R sortin g withi n eac h grou p withi n eac h set .  Response s othe r  tha n 

creatio n o f  F R categorie s wer e mostl y uni-dimensiona l  sorting . 

Comparison between the Characteristic and the Sufficient sets 
As i n Ah n an d Medi n (1989) ,  acros s al l  group s an d acros s bot h kind s o f  stimuH , 

th e Sufficien t  se t  le d t o mor e F R sorting s tha n th e Characteristi c  set .  Chi-squar e an d 

Fisher' s exac t  test s indicate d al l  th e difference s betwee n th e Sufficien t  se t  an d th e 
Characteristi c se t  withi n eac h grou p wer e significan t  a t  p  =  .0 5 excep t  fo r  th e theor y 

grou p wit h th e trib e stimul i  (i.e. ,  th e differenc e betwee n 78.9 % an d 100%) . 

153 



Flowe r  Stimul i  Trib e Stimul i  Tota l 

Grou p Cha r  Suf f  Cha r  Suf f  Cha r  Suf f 

Contro l 

Prototyp e 
Theor y 

0 

20 

55 

25 

90 

95 

11 

45 

79 

68 

100 

100 

5 

33 

67 

47 

95 

98 

Tabl e 1 .  Summar y o f  Result s 

Comparison among groups within the Characteristic set 

I n th e previou s experiment s usin g material s i n knowledge-poo r  domain s (Ahn , 

1990 ;  A h n &  Medin ,  1989) ,  th e subject s neve r  create d F R categorie s fro m th e 

Characteristi c  set .  I n thi s experiment ,  whe n th e subject s receive d prototyp e 

informatio n o n th e Characteristi c  set ,  subject s create d mor e F R categorie s (33% ) 

tha n th e contro l  grou p wh o di d no t  receiv e an y backgroun d informatio n (5%) .  I n th e 
flowe r  stimuli ,  th e differenc e betwee n th e contro l  grou p (0% )  an d th e prototyp e 

grou p (20% )  w h o receive d th e Characteristi c se t  wa s no t  significan t  bu t  i n th e trib e 

stimuli ,  th e differenc e betwee n th e contro l  grou p (10.5% )  an d th e prototyp e grou p 

(45% )  wa s significan t  (p<.001) . 

Mor e subject s wh o receive d informatio n o n underlyin g theorie s create d F R 

categorie s fro m th e Characteristi c se t  (67% )  tha n thos e wh o receive d eithe r  prototyp e 

informatio n (33% ,  p<.05 )  o r  n o informatio n (5% ,  p<.05) .  Withi n eac h stimulu s type , 

thes e difference s wer e als o significant . 

Comparison among groups within the Sufficient set 

For  th e Sufficien t  set ,  almos t  al l  subject s i n bot h th e prototyp e grou p (95% )  an d 

th e theor y grou p (98% )  produce d th e F R categories .  Th e difference s betwee n thes e 

tw o group s an d th e contro l  grou p (47% )  wa s significan t  (p<.05) .  Separat e analyse s 

withi n eac h typ e o f  stimul i  als o showe d th e sam e kin d o f  results . 

Discussion 

Th e result s o f  th e presen t  experimen t  ca n b e summarize d a s follows . 

First ,  result s i n knowledge-poo r  domain s (Ah n &  Medin ,  1989 )  wer e replicate d 

by th e contro l  grou p i n th e curren t  experiment .  Th e contro l  grou p wh o di d no t  hav e 

any backgroun d knowledg e rarel y produce d F R categorie s whe n th e structur e o f 

exemplar s ha d characteristi c feature s i n th e resultin g F R categorie s bu t  a  fai r  amoun t 

of  F R categorie s wa s produce d whe n the y ha d sufficien t  features .  Therefore ,  th e two -

stag e model' s explanatio n o f  F R sortin g i n knowledge-poo r  domain s wa s onc e agai n 

supported . 

Secondly ,  eve n whe n th e potentia l  F R categorie s ha d characteristi c features ,  th e 

knowledg e o n th e prototype s o f  th e potentia l  F R categorie s le d t o th e creatio n o f  F R 
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categories .  However ,  th e differenc e betwee n th e prototyp e grou p an d th e contro l 

grou p i n producin g F R categorie s fro m th e Characteristi c se t  wa s significan t  onl y 

when th e trib e stimul i  wer e used ,  an d i t  wa s no t  significan t  whe n th e flowe r  stimul i 

wer e used .  Th e reaso n fo r  thi s differenc e betwee n th e tw o type s o f  material s i s 

unclear . 

Third ,  whe n th e example s t o b e classifie d ha d characteristi c feature s i n th e 

resultin g F R categories ,  th e theor y grou p produce d muc h mor e F R categorie s tha n 
bot h th e contro l  grou p an d th e prototyp e group .  Th e significan t  differenc e betwee n 

th e theor y grou p an d th e prototyp e grou p clearl y showe d tha t  knowin g underlyin g 

theorie s i s mor e tha n simpl y knowin g prototype s tha t  coul d b e derive d fro m th e 

theories . 

Thes e result s sugges t  tw o problem s wit h th e curren t  versio n o f  th e two-stag e 

model .  First ,  th e mode l  doe s no t  explai n wh y knowin g prototype s i n advanc e hel p 

peopl e creat e F R categories .  Considerin g th e subjects '  protocols ,  th e prototyp e grou p 

seemed t o b e abl e t o ge t  ove r  th e stron g bia s o f  uni-dimensiona l  sortin g an d instea d 

the y seeme d t o tr y t o maximiz e matche s betwee n member s o f  a  categor y an d it s 
prototype .  I f  peopl e lear n th e mos t  typica l  example s first ,  the n th e two-stag e mode l 
migh t  no t  b e a n appropriat e accoun t  fo r  categor y constructio n process . 

Secondly ,  th e advantag e o f  knowin g interpropert y relationship s i s no t  explaine d 
by th e mode l  i n it s curren t  form .  However ,  sortin g base d o n a n underlyin g theor y ca n 
be considere d a s a  typ e o f  uni-dimensiona l  sortin g an d therefore ,  i t  i s  no t  inconsisten t 
wit h th e spiri t  o f  th e two-stag e model . 

The curren t  versio n o f  th e two-stag e mode l  assume s tha t  feature s use d fo r  sortin g 

ar e onl y surfac e feature s use d t o describ e examples .  However ,  people' s stron g bia s t o 

creat e highl y structure d categorie s (i.e. ,  categorie s wit h definin g features )  woul d mak e 
the m rel y o n backgroun d knowledg e i f  i t  ca n provid e the m wit h definin g feature s o f 
categories .  I n othe r  words ,  i f  backgroun d informatio n provid e the m wit h a  wa y t o 

creat e a  ne w dimensio n whic h allow s the m t o construc t  categorie s tha t  mee t  th e tas k 

demand an d tha t  hav e definin g features ,  the y woul d rathe r  creat e th e ne w dimensio n 

tha n usin g onl y th e give n surfac e dimensions .  Therefore ,  th e two-stag e mode l  shoul d 
be extende d t o allo w creatio n o f  ne w dimension s usin g backgroun d knowledg e i f  th e 
new dimension s ar e bette r  tha n th e surfac e feature s i n creatin g categorie s wit h 

definin g features . 

Conclusion 

Based o n th e serie s o f  fre e sortin g experiment s conducte d s o far ,  i t  ca n b e 
conclude d tha t  ther e ar e a t  leas t  thre e way s t o obtai n F R structure .  First ,  F R 

categorie s ca n b e obtaine d a s a  resul t  o f  tw o stage s i n whic h th e firs t  stag e involve s 

uni-dimensiona l  sortin g an d th e secon d stag e involve s assignin g exception s base d o n 

overal l  similarity .  Secondly ,  knowin g prototype s o f  eac h categor y befor e categor y 
constructio n encourage s creatio n o f  F R categories .  Third ,  th e mos t  effectiv e wa y o f 
producin g F R categorie s know n s o fa r  i s creatin g a  ne w dimensio n whic h ca n 

integrat e surfac e feature s an d carr y ou t  uni-dimensiona l  sortin g base d o n thi s 

dimension . 
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