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Cantcgi e Mello n Universit y 

Pittsburgh ,  P A 1521 3 

nbrown@psy.cmu.edu 
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Abstrac t 
O ne possibl e metho d fo r  improvin g real-worl d 

quantitativ e estimatio n i s t o "see d th e knowledge -
base "  wit h explici t  quantitativ e facts .  Thi s metho d 
was employe d i n tw o populatio n estimatio n 
experiments .  I n Experimen t  1 ,  subject s estimate d 
th e population s o f  9 9 countries .  The y the n studie d 
th e population s o f  2 4 o f  thes e countries .  Finally , 
the y estimate d th e population s o f  al l  9 9 countrie s 
a secon d time.  A s predicted ,  th e post-learnin g 
estimate s fo r  th e 7 5 "transfer "  countrie s wer e 
much mor e accurat e (48% )  tha n th e pre-leamin g 
estimates .  However ,  th e rank-orde r  correlation s 
betwee n estimate d populatio n an d tru e 
population s showe d almos t  n o improvement . 
Thes e result s suggeste d tha t  ther e m a y b e tw o 
analyticall y distinc t  component s t o estimation ,  a 
rang e componen t  an d a  rankin g component ,  an d 
tha t  a n arbitrar y se t  o f  quantitativ e fact s i s likel y 
t o affec t  th e forme r  bu t  no t  th e latter .  Th e ai m o f 
Experimen t  2  wa s t o demonstrat e tha t  on e ca n 
affec t  th e rankin g componen t  b y presentin g 
subject s wit h a  consisten t  se t  o f  populatio n facts . 
I n thi s experiment ,  on e grou p o f  subject s wa s 
presente d wit h fact s tha t  consistentl y confirme d 
thei r  prio r  beUe f  tha t  Europea n countrie s ar e quit e 
larg e an d Asia n countrie s ar e quit e small .  Anothe r 
grou p wa s presente d wit h a  se t  tha t  consistentl y 
disconfirme d thi s view .  A s predicted ,  rank-orde r 
correlation s betwee n estimate d an d tru e 
population s wer e negativel y affecte d b y th e bias -
confirmin g fact s an d positivel y affecte d b y th e 
bia s disconfirmin g facts . 

The worid is composed of innumerable discrete entities; 
eac h o f  thes e entitie s ha s m a n y properties ;  som e o f  thes e 
propertie s ca n b e specifie d i n quantitativ e terms .  I t  i s 
common fo r  a  perso n t o know n tha t  a  certai n entit y exists , 
t o recogniz e tha t  thi s entit y mus t  hav e a  certai n 
quantitativ e property ,  an d stil l  t o hav e n o knowledg e o f  th e 
valu e o f  tha t  property .  Fo r  example ,  th e typica l  U.S . 
colleg e studen t  i s likel y t o hav e hear d o f  Malaysia ,  t o b e 
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absolutel y certai n tha t  som e numbe r  o f  peopl e liv e there , 
and t o b e ver y uncertai n a s t o wha t  tha t  numbe r  migh t  be . 
Nonetheless ,  whe n pressed ,  thi s studen t  wil l  produc e a n 
estimat e tha t  i s a t  leas t  mor e accurat e tha n a  rando m gues s 
and ofte n wil l  expres s som e confidenc e i n th e roug h 
accurac y o f  th e estimate . 

H o w d o peopl e generat e real-worl d quantitativ e 
estimate s o f  thi s sort ? Th e cognitiv e literatur e provide s 
tw o distinc t  perspective s o n th e matter .  O n e focuse s o n 
domain-specifi c  knowledge .  Accordin g t o thi s view ,  th e 
estimatio n proces s i s  drive n b y a  cycl e o f  retrieva l  an d 
inference .  Thi s proces s firs t  recover s a  fac t  fro m long-ter m 
m e m o ry tha t  i s  relate d t o th e "target "  entit y (e.g. , 
Malaysia )  and/o r  t o th e "target "  propert y (e.g. ,  population) . 
I f  th e fac t  i s  relevant ,  i t  trigger s a n inferenc e tha t  narrow s 
th e respons e rang e i n som e way .  Fo r  example ,  a  person 
attemptin g t o estimat e th e populatio n o f  Malaysi a migh t 
recal l  tha t  ther e ar e abou t  12 0 millio n Japanese .  I f  thi s 
perso n als o believe s tha t  Malaysi a ha s fewe r  peopl e tha n 
Japan ,  h e o r  sh e ca n confidentl y infe r  tha t  th e populatio n 
of  Malaysi a i s les s tha n 12 0 million .  Generally ,  a  singl e 
fac t  wil l  no t  allo w th e respons e rang e t o b e narrowe d 
enoug h t o yiel d a  precis e estimate .  A s a  result ,  th e cycl e o f 
retrieva l  an d inferenc e m a y continu e unti l  a  precis e 
estimat e ha s bee n reached ,  unti l  al l  immediatel y relevan t 
knowledg e ha s bee n exhausted ,  o r  unti l  som e tim e o r  effor t 
limi t  i s  exceede d (Collins ,  1978 ;  Collin s &  Michalski , 
1989) . 

The secon d perspectiv e o n real-worl d estimatio n hold s 
tha t  peopl e depen d o n a  smal l  numbe r  o f  genera l  purpos e 
heuristic s (e.g. ,  availability ,  representativeness )  t o estimat e 
th e quantitativ e propertie s o f  object s an d event s (e.g. , 
B rown ,  Rips ,  &  Shevell ,  1985 ;  Lichtenstein ,  Slovic , 
Fischhoff ,  Layman ,  &  C o m b s ,  1978) .  Accordin g t o thi s 
view ,  a  perso n attemptin g t o estimat e th e populatio n o f 
Malaysi a migh t  realiz e tha t  h e o r  sh e know s relativel y 
littl e abou t  thi s country .  Thi s woul d imply ,  vi a th e 
applicatio n o f  th e availabilit y  heuristi c (Tversk y & 
Kahneman,  1973 ,  1974) ,  tha t  th e populatio n o f  Malaysi a 
i s relativel y small .  Alternatively ,  a  perso n attemptin g t o 
estimat e th e populatio n o f  Norwa y migh t  depen d o n it s 
representativeness .  Thi s perso n migh t  decid e tha t  Norwa y 
i s typica l  o f  Scandinavia n countrie s an d the n infe r  tha t  th e 
populatio n o f  No rwa y i s  likel y t o b e simila r  t o th e 
population s o f  othe r  typica l  Scandinavia n countries ,  suc h 
as Sweden . 

Interestingly ,  th e sam e estimatio n tas k ofte n produce s 
result s consisten t  wit h bod i  th e knowledge-base d an d 
heuristic s perspectives .  Fo r  example ,  a  numbe r  o f  studie s 
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hav e demonstrate d tha t  peopl e conside r  weU-know n publi c 
and autobiographica l  event s t o hav e happene d mor e 
recentl y tha n les s well-know n event s o f  th e sam e objectiv e 

age (e.g. .  B row n e t  al. ,  1985 ;  Wagenaar ,  1986) .  Thes e 
result s indicat e tha t  availabilit y  play s a  rol e i n dat e 
estimation .  Ther e i s als o clea r  evidenc e tha t  domain -

specifi c  knowledg e play s a  centra l  rol e i n thi s task .  Fo r 
example .  Brow n (1990 )  reporte d a n experimen t  i n whic h 
subject s wer e aske d t o thin k alou d a s the y estimate d date s 
fo r  a  se t  o f  well-know n publi c events .  Analysi s o f  thes e 

protocol s reveale d tha t  7 8 % o f  th e estimate s wer e justifie d 
wit h referenc e t o on e o r  mor e domain-specifi c  fact . 

The existenc e o f  evidenc e withi n a  singl e tas k tha t  i s 
consisten t  wit h bot h perspective s suggest s tha t  an y 
satisfactor y approac h t o estimatio n mus t  accoun t  fo r  th e 

influence s o f  bot h genera l  heuristic s an d domain-specifi c 
knowledge .  O n e wa y t o reconcil e thes e tw o approache s i s 
t o assum e a  knowledge-base d architectur e an d t o vie w a 
give n estimat e a s a  weighte d blen d o f  availabl e relevan t 
information .  Thus ,  whe n estimaUn g th e populatio n o f 
Malaysia ,  on e migh t  recal l  th e populatio n o f  Japa n an d us e 
i t  t o truncat e th e respons e a t  12 0 million .  On e migh t  als o 
us e availabilit y  t o classif y Malaysi a a s a  not-very-larg e 
country .  Take n togethe r  thes e tw o source s o f  informatio n 
sugges t  no t  onl y tha t  th e targe t  populatio n i s smalle r  tha n 
120 million ,  bu t  tha t  i t  probabl y i s a  goo d dea l  smaller . 

Viewin g estimate s a s a  weighte d blen d o f  relevan t 
informatio n provide s a  plausibl e mechanis m fo r 
reconcilin g knowledge-base d an d heuristi c perspectives . 
However ,  whe n estimate s ar e conceive d i n thi s way ,  on e i s 
confi-onte d wit h th e issu e o f  h o w th e estimatio n proces s 
weigh s competin g source s o f  information .  Drawin g o n 
recen t  wor k carrie d ou t  withi n th e cu e validit y framewor k 
(e.g. ,  Gigerenzer ,  Kleinbolting ,  &  Hoffrage ,  i n press ; 
MacWhinney ,  1987) ,  w e hypothesize d tha t  competin g fact s 
ar e weighe d accordin g t o (a )  thei r  predictiv e strengt h o r 
validity ,  an d (b )  thei r  specifi c  relevanc e t o th e task .  I n th e 
curren t  context ,  predictiv e strengt h reflect s th e abilit y  o f  a 
fac t  o r  inferenc e t o correctl y predic t  th e valu e o f  th e to-be -
estimate d quantity .  I n othe r  words ,  w e assume d tha t  peopl e 
believ e som e inference s t o b e mor e credibl e o r  mor e 
reliabl e tha n other s an d tha t  the y weig h th e mor e credibl e 
inference s mor e heavil y tha n th e les s credibl e inferences . 
We als o believe d tha t  inference s base d o n specifi c 
quantitativ e fact s (e.g. ,  th e populatio n o f  Japa n i s 12 0 
million )  woul d b e weighe d mor e heavil y tha n thos e tha t 
wer e not .  Th e tw o experiment s describe d belo w bea r 
direcd y o n th e accurac y o n thi s particula r  instantiatio n o f 
th e specificit y assumption . 

Experiment 1 

In an earlier experiment we found that (a) estimates of 
nationa l  population s tende d t o b e ver y inaccurat e i n a n 
absolut e sense ;  th e averag e populatio n estimat e wa s 3/ 4 o f 
an orde r  o f  magnitud e awa y fro m th e actua l  population .  W e 
als o foun d tha t  (b )  better-know n countrie s wer e considere d 
t o hav e large r  population s tha n les s well-know n countries , 
odie r  thing s bein g equa l  (Brow n &  Siegler ,  i n preparation) . 
We too k th e firs t  finding  t o indicat e tha t  accurat e 

knowledg e o f  naUona l  population s i s extremel y 
uncommon,  an d th e secon d t o indicat e tha t  availabilit y 
playe d a  majo r  rol e i n thi s task . 

The ai m o f  th e curren t  experimen t  wa s t o se e i f  w e 
coul d improv e estimatio n performanc e an d decreas e th e 
dependenc y o n availabilit y  b y introducin g a  se t  o f  relevan t 
quantitativ e facts .  I n thi s experiment ,  subject s first 
estimate d th e population s o f  9 9 countries .  The y the n 
learne d th e actua l  population s o f  2 4 o f  thes e countries . 
Finally ,  the y wer e provide d anothe r  se t  o f  estimate s fo r  al l 

99 countries .  W e expecte d tha t  subject s woul d us e th e 
populatio n fact s the y learne d i n tw o ways .  First ,  thes e 
fact s migh t  serv e a s th e basi s fo r  accurat e generalization s 
abou t  th e geographical ,  social ,  economi c an d historica l 
factor s tha t  resul t  i n population s o f  variou s sizes .  Second , 
i t  seeme d likel y tha t  th e population s migh t  b e retrieve d an d 

use d a s quantitativ e referenc e point s whe n subject s 
attempte d t o estimat e th e population s o f  th e "transfe r 
countries. "  Thes e referenc e point s woul d allo w subject s 
eithe r  t o truncat e th e rang e o f  possibl e response s o r  t o 
selec t  a  numericall y anchore d regio n withi n th e rang e tha t 
was likel y t o contai n th e targe t  country' s population . 

Give n thes e expectations ,  w e predicte d tha t  "seedin g th e 
knowledge-base "  woul d hav e th e followin g effect s o n 
estimatio n performance .  First ,  subject s shoul d displa y a 
decrease d dependenc e o n availability .  Thi s follow s fro m th e 
specificit y assumptio n mad e above ;  bot h th e populatio n 
fact s an d th e newl y derive d demographi c generahzation s ar e 
mor e specificall y relevan t  tha n availabilit y  judgments . 
Therefore ,  inference s base d o n thi s ne w informatio n shoul d 
be weighe d mor e heavil y tha n inference s base d o n 
availability .  Second ,  w e predicte d tha t  seedin g th e 
knowledge-base d woul d lea d t o a n improve d rank-orde r 
correlatio n betwee n tru e population s an d estimate d 
population s fo r  th e transfe r  countries .  Thi s woul d com e 
abou t  i f  subject s wer e abl e t o us e th e see d se t  t o correctl y 
induc e th e factor s tha t  predic t  populatio n size ,  o r  i f  the y 
wer e abl e t o selec t  th e mos t  appropriat e see d countr y o r 
countrie s t o serv e a s quantitativ e referenc e points .  Thes e 
same consideration s le d u s t o predic t  tha t  mea n estimate s 
acros s th e th e transfe r  countrie s shoul d b e muc h mor e 
accurat e i n a n absolut e sens e afte r  th e knowledge-bas e ha d 
been seeded . 

Method 

Twenty-four Carnegie Mellon undergraduates participated 
i n thi s experimen t  Eac h o f  thes e subject s performe d fou r 
task s durin g a  1  h r  experimenta l  session :  a  knowledg e 
ratin g task ,  a n initia l  estimatio n task ,  a  learnin g task ,  an d 
a final  estimatio n task .  I n al l  bu t  th e learnin g task , 

subject s wer e expose d onc e t o eac h o f  9 9 countries .  Thes e 
99 countrie s represente d al l  bu t  on e o f  th e countrie s tha t 
had population s o f  a t  leas t  4  millio n i n 198 9 (Informatio n 
Pleas e Almanac ,  1989) .  Th e on e exceptio n wa s th e Unite d 
States ,  whos e populatio n wa s give n t o subject s a s a n 
exampl e befor e th e first  estimatio n task . 

Durin g th e knowledg e ratin g task ,  subject s wer e 
presente d wiU i  th e name s o f  th e 9 9 tes t  countries ,  on e a t  a 
time ,  o n a  compute r  controlle d vide o display .  The y wer e 
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instructe d t o evaluat e thei r  knowledg e o f  eac h countr y o n a 
O-to- 9 scale ,  wit h 0  indicatin g n o knowledg e o f  th e countr y 
i n question ,  9  indicatin g a  grea t  dea l  o f  knowledge ,  an d 
intermediat e value s indicatin g intermediat e level s o f 
knowledge .  I n thi s task ,  a s i n th e others ,  subjini s 
responde d b y typin g thei r  answer s a t  th e compute r 
keyboard . 

Followin g th e knowledg e ratin g task ,  subject s 
performe d th e initia l  estimatio n task .  Again ,  th e 9 9 tes t 
countrie s wer e presented ,  on e a t  a  tim e i n a  rando m order . 
Subject s wer e instructe d t o respon d t o eac h countr y wit h 
thei r  bes t  estimat e o f  tha t  country' s curren t  population . 

Subject s wer e the n presente d wit h th e fou r  study-tes t 
block s o f  th e learnin g task .  Durin g eac h block ,  subject s 
wer e give n th e opportunit y t o stud y th e actua l  populatio n 
of  eac h o f  2 4 see d countrie s an d wer e the n teste d o n thei r 
knowledg e o f  thes e populations .  Thes e countrie s wer e a 
subse t  o f  th e ful l  se t  o f  9 9 countries .  The y wer e selecte d s o 
tha t  ther e wer e 6  countrie s i n eac h cel l  o f  a  2  (countr y 
knowledge :  Hig h an d L o w )  X  2  (estimatio n accuracy :  Hig h 
and L o w )  factoria l  design .  Hal f  o f  o f  th e see d countrie s ha d 
receive d hig h knowledg e rating s i n a  prio r  experimen t  an d 
hal f  receive d lo w ratings ;  hal f  ha d receive d accurat e 
estimate s i n th e prio r  experimen t  an d hal f  ha d receive d 
inaccurat e estimates .  Th e high-knowledge ,  high-accurac y 
see d countrie s were :  Sout h Africa ,  Spain ,  Egypt ,  Italy , 
Grea t  Britain ,  an d Wes t  Germany .  Th e th e high-knowledge , 
low-accurac y see d countrie s were :  Israel ,  Switzeriand , 
Greece ,  Australia ,  Canada ,  an d Vietnam .  Th e low -
knowledge ,  high-accurac y countrie s were :  th e Netheriands , 
Venezuela ,  Kenya ,  Romania ,  th e Sudan ,  an d Argentina . 
The low-knowledge ,  low-accurac y countrie s were :  Bolivia , 
Zimbabwe ,  th e Ivor y Coast ,  Chile ,  Zaire ,  an d Thailand . 

The study-tes t  block s wer e divide d int o a  stud y phas e 
and a  tes t  phase .  Durin g th e stud y phase ,  eac h see d countr y 
was presente d wit h it s populatio n fo r  6  seconds .  Afte r 
subject s ha d studie d al l  2 4 study-tes t  countries ,  the y bega n 
th e tes t  phase .  Th e tas k her e wa s t o respon d t o eac h 
country' s n a m e b y typin g it s tru e population .  W h e n 
subject s coul d no t  recal l  a  country' s exac t  population ,  the y 
wer e t o respon d wit h thei r  closes t  approximation . 

Afte r  completin g th e learnin g task ,  subject s bega n th e 
secon d estimatio n task.Th e procedur e followe d durin g thi s 
tas k wa s identica l  t o th e on e followe d durin g th e first 
estimatio n task . 

Results and Discussion 

The results provided clear support for only one of the three 
prediction s m a d e above .  A s predicted ,  "seedin g th e 
knowledge-base "  resulte d i n a  larg e decreas e i n absolut e 
erro r  acros s 7 5 transfe r  countrie s (i.e. ,  th e 7 5 countrie s tha t 
wer e no t  presente d durin g th e learnin g task) .  Specifically , 
fo r  eac h subject ,  w e first  compute d th e absolut e differenc e 
betwee n th e estimate d populatio n an d th e tru e populatio n 
fo r  eac h transfe r  country .  Then ,  w e compute d th e media n 
absolut e differenc e ( M A D ) ,  fo r  eac h subject ,  ove r  al l  7 5 
transfe r  countries .  Averag e M A D fo r  th e transfe r  countrie s 
decrease d 4 8 % ,  fro m 20. 9 millio n i n th e first  estimatio n 
task ,  t o 10. 9 millio n i n th e secon d (t{23) = -2.45 ,  p  <  .05) . 

I n contras t  t o th e larg e decreas e i n M A D ,  th e seedin g 
procedur e ha d littl e effec t  o n th e correlatio n betwee n 
estimate d an d tru e population .  Fo r  th e 7 5 transfe r 
countries ,  th e averag e (take n ove r  subjects )  rank-correlatio n 
betwee n thes e tw o measure s wa s .4 0 befor e th e learnin g 
liisk ,  an d .4 3 afte r  th e learnin g tas k (/(23)=1.57 ,  p  >  1) . 

Finally ,  th e dat a completel y faile d t o suppor t  th e 
predictio n tha t  seedin g th e knowledge-bas e woul d decreas e 
relianc e o n availability .  Th e result s relevan t  t o thi s 
predictio n com e fro m a  pai r  o f  regressio n analyses ,  on e o n 
th e estimate s befor e th e learnin g tas k an d on e o n th e 
estimate s afte r  th e learnin g task .  I n bot h cases ,  th e 
dependen t  measur e wa s th e media n estimate d populatio n fo r 
eac h o f  th e transfe r  countries .  Th e predicto r  variable s wer e 
mean knowledg e rating ,  tru e population ,  an d tru e lan d area . 
Th e median s wer e compute d ove r  subjects .  Th e thre e 
larges t  countries ,  China ,  India ,  an d th e Sovie t  Union ,  wer e 
exclude d fro m thes e analyse s becaus e the y undul y 

influence d th e outcom e o f  th e regressions .  T h e R ^ 
compute d fo r  th e pre-leamin g estimate s wa s .66 ,  a s wa s 

th e r 2 fo r  th e post-learnin g estimates . 
I f  subject s ha d depende d les s o n availabilit y  afte r  th e 

learnin g tas k tha n before ,  the n th e knowledg e variabl e 
shoul d pla y a  large r  rol e i n th e analysi s conducte d o n th e 
th e pre-leamin g estimate s tha n i n th e analysi s conducte d o n 
th e post-learnin g estimates .  Contrar y t o thi s prediction ,  th e 
knowledg e variabl e playe d a  smalle r  rol e i n th e forme r  tha n 
i n th e latter .  I n th e pre-leamin g analysis ,  countr y 
knowledg e accounte d fo r  3 5 % o f  th e uniqu e variance ;  i n th e 
post-leamin g analysis ,  i t  accounte d fo r  4 2 % ( p <  .001 .  i n 
bot h cases) .  Neithe r  actua l  populatio n no r  actua l  lan d are a 
accounte d fo r  mor e tha n 4 % o f  th e uniqu e varianc e i n eithe r 
analysis . 

Thes e result s sugges t  tha t  ther e m a y b e tw o 
analyticall y distinc t  component s t o real-worl d quantitativ e 
estimation .  O n e componen t  i s a n absolut e o r  rang e 
component ,  an d th e othe r  i s a  relativ e o r  rank in g 
component .  I n th e populatio n estimatio n task ,  th e absolut e 
componen t  ca n b e equate d wit h th e assumption s 
concernin g th e plausibl e rang e o f  nationa l  populations ,  an d 
th e relativ e componen t  wit h th e knowledg e use d t o locat e a 
country' s populatio n withi n th e assume d range . 

The seedin g procedur e primaril y affecte d th e absolut e 
component .  I t  make s sens e tha t  studyin g th e population s 
of  2 4 countrie s woul d lea d subject s t o develo p a  bette r 
understandin g o f  th e respons e range .  Ther e i s suppor t  fo r 
thi s claim .  Th e subject s w h o decrease d th e siz e o f  thei r 
estimate s t o th e greates t  exten t  acros s th e tw o estimatio n 
task s wer e thos e w h o provide d th e larges t  overestimate s i n 
th e pre-leamin g task .  Similarly ,  th e subject s w h o increase d 
thei r  estimate s th e mos t  wer e thos e w h o provide d th e mos t 
extrem e underestimate s i n th e pre-leamin g tas k (r=.98) . 

At  th e outse t  o f  thi s study ,  w e expecte d tha t  th e seedin g 
procedur e woul d affec t  bot h th e relativ e an d th e absolut e 
components .  However ,  th e tw o faile d prediction s describe d 
abov e indicat e tha t  thi s procedur e ha d littl e o r  n o effec t  o n 
th e relativ e component .  W e believ e tha t  ther e ar e tw o 
reason s fo r  thi s outcome .  First ,  i t  appear s tha t  hig h tas k 
specificit y i s no t  necessaril y  equivalen t  t o hig h predictiv e 
strength .  Tha t  is ,  quantitativ e referenc e point s wil l  no t 
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necessaril y  dominat e performanc e whe n othe r  credibl e 
sourc e o f  informatio n ar e available .  Recallin g th e 
populatio n o f  Japa n m a y provid e m uppe r  boun d fo r  a n 

estimat e o f  Malaysia' s population ,  bu t  i t  ma y hav e n o 
effec t  o n a  strongl y held ,  availability-base d belie f  tha t 
Malaysi a ha s a  fairl y  smal l  population . 

I n additio n t o overestimatin g th e potentia l  usefulnes s o f 
explici t  referenc e points ,  w e als o see m t o hav e 
overestimate d th e abilit y  o f  subject s t o ac t  a s "naiv e 
demographers. "  I t  appear s tha t  subject s wer e no t  abl e t o 

use th e populatio n fact s presente d durin g th e learnin g tas k 
t o correctl y updat e thei r  belief s abou t  relativ e population s 
of  differen t  countries .  I n retrospect ,  thi s i s no t  to o 
surprising .  Informatio n provide d b y population s o f  th e 

high-accurac y countrie s wa s consisten t  wit h subjects '  prio r 
beliefs ,  whil e th e informatio n provide d b y population s o f 

th e low-accurac y wa s inconsisten t  I t  seem s unlikel y tha t  a n 
ambiguou s situatio n o f  thi s sor t  woul d compe l  subject s t o 
reevaluat e thei r  beliefs . 

Experiment 2 

The aim of Experiment 2 was to demonstrate that seeding 
th e knowledge-bas e wit h set s o f  populatio n fact s tha t  ar e 
consisten t  an d informativ e ca n influanc e relativ e 
populatio n estimates .  I n th e curren t  context ,  a  consisten t 
set  o f  fact s i s on e i n whic h al l  o f  th e see d countrie s fro m 
an identifiabl e geographica l  regio n hav e simila r 
population s (e.g. ,  al l  o f  th e Europea n population s ar e 
small) ,  an d a n informativ e se t  o f  fact s i s on e i n whic h th e 
generalization s implici t  i n th e se t  alway s confir m o r 
alway s disconfir m prio r  belief s abou t  populations . 

We kne w fro m prio r  experiment s (Brow n &  Siegler ,  i n 
preparation )  tha t  subject s tende d t o believ e tha t  smal l 
Europea n countrie s hav e relativel y larg e population s an d 
tha t  larg e Asia n countrie s hav e relativel y smal l 
populations .  I n th e curren t  experiment ,  w e attempte d t o 
influenc e thes e beliefs ,  an d henc e th e rankin g o f  Europea n 
and Asia n countries ,  b y seedin g th e knowledge-bas e wit h 
set s o f  fact s tha t  consistentl y confirme d o r  consistentl y 
disconfirme d them .  Th e expectatio n wa s tha t  exposur e t o 
disconfirmin g populatio n fact s (i.e. ,  fact s abou t  smal l 
Europea n countrie s an d larg e Asia n countries )  woul d 
improv e th e rank-orde r  correlatio n betwee n estimate d an d 
tru e population ,  an d tha t  exposur e t o confirmin g 
populatio n fact s (i.e. ,  fact s abou t  larg e Europea n countrie s 
and smal l  Asia n countries )  woul d decreas e thi s correlation . 

Method 

Three factors were varied: seed set, transfer region, and Uial 
block .  See d se t  wa s a  betwee n subject s factor .  I t  involvle d 
th e particula r  populatio n fact s tha t  subject s learned .  Th e 2 0 
subject s i n on e group ,  th e bias-disconfirmin g group ,  sa w 
th e population s o f  thre e smal l  Europea n countrie s 
(Switzerland ,  Sweden ,  th e Netherlands )  an d thre e larg e 
Asia n countrie s (Thailand ,  th e Philippines ,  V iemam) .  Th e 
20 subject s i n a  secon d group ,  th e bias-confirmin g group , 
sa w th e population s o f  thre e larg e Europea n counu-ie s 
(Grea t  Britain ,  Italy ,  Wes t  Germany )  an d thre e smal l  Asia n 

countrie s (Cambodia ,  Sr i  Lanka ,  Malaysia) .  Finally ,  2 0 
subject s wer e ru n i n a  contro l  condition ;  thes e subject s 

wer e neve r  expose d t o th e actua l  population s o f  an y 
countries . 

Tria l  bloc k an d U-ansfe r  regio n wer e bot h within -
subjcct s factors .  Subject s i n al l  thre e group s wer e require d 
t o estimat e th e population s o f  3 6 countrie s onc e durin g 
eac h o f  4  tria l  blocks .  Thi s se t  o f  countrie s consiste d o f  th e 
12 see d countrie s an d 2 4 transfe r  countries .  Si x transfe r 

countrie s wer e selecte d fro m Asi a (Burma ,  Sout h Korea , 
Pakistan ,  Bimgladesh ,  Japan ,  Indonesia) ,  si x fro m Europ e 

(Norway ,  Denmark ,  Austria ,  Belgium ,  Greece ,  Portugal) , 
si x fro m Afric a (Chad ,  Zimbabwe ,  th e Ivor y Coast ,  Sout h 
Africa ,  Ethiopia ,  Nigeria )  an d si x fro m Lati n Americ a 
(Honduras ,  Bolivia ,  Ecuador ,  Argentina ,  Mexico ,  Brazil) . 
We refe r  t o Asi a an d Europ e a s th e seede d region s becaus e 
bot h th e confirmin g an d disconfirmin g countrie s wer e 
draw n fro m them ,  an d t o Afric a an d Lati n Americ a a s th e 
unseede d regions ,  becaus e subject s wer e no t  expose d t o th e 
population s o f  an y o f  th e countrie s fro m thes e regions . 

The procedur e followe d o n th e firs t  o f  th e fou r  uia l 
block s wa s identica l  t o th e procedur e use d durin g th e 
Experimen t  1  estimatio n tasks ,  excep t  tha t  subject s wer e 
onl y teste d o n th e population s o f  3 6 countries .  A s i n th e 
earlie r  experiment ,  subject s wer e instructe d t o ente r  a 
respons e tha t  reflecte d thei r  bes t  estimat e o f  eac h counuy' s 
curren t  population . 

At  th e beginnin g o f  th e secon d tria l  block ,  subject s i n 
th e bias-confirmin g an d bias-disconfumin g conditions .  Fo r 
th e bias-disconfumin g subjects ,  th e compute r  displa y liste d 

th e name s an d population s o f  th e smalles t  Europea n see d 
countr y an d th e larges t  Asia n see d country .  Similarly , 
subject s i n th e bias-confumin g conditio n sa w th e name s 
and population s o f  th e smalles t  Asia n countr y an d th e 
larges t  Europea n country .  A t  th e beginnin g o f  th e thir d 
estimatio n block ,  tw o mor e countr y name s an d 
population s wer e adde d t o th e display .  Durin g thi s block , 
subject s i n th e experimenta l  condition s wer e presente d wit h 
informatio n abou t  th e secon d larges t  o f  th e smal l  see d 
countrie s an d th e secon d smalles t  o f  th e larg e see d 
countries .  Finally ,  durin g th e fourt h block ,  th e 
experimenta l  subject s sa w al l  si x o f  th e relevan t  see d se t 
countries . 

Subject s i n th e contro l  conditio n simpl y provide d fou r 
set s o f  estimate s fo r  th e 3 6 stimulu s counuie s an d neve r 
sa w th e actua l  population s o f  an y o f  thes e countries . 
Presentatio n orde r  o f  th e stimulu s countrie s wa s 
randomize d fo r  eac h subjec t  an d eac h block . 

Predictions 

The central prediction of this experiment concerned 
possibl e change s i n rank-orde r  correlation s acros s blocks . 
Specifically ,  w e predicte d a  See d Se t  X  Transfe r  Regio n X 
Tria l  Bloc k interaction .  W e expecte d tha t  subject s wh o 
receive d th e disconfirmin g seed s migh t  realiz e tha t  som e 
Europea n countrie s hav e ver y smal l  population s an d tha t 
some Asia n countrie s hav e quit e larg e populations .  Thi s 
understandin g shoul d lea d subject s t o decreas e estimate s fo r 
th e Europea n transfe r  countfie s an d increas e the m fo r  th e 
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Asia n transfe r  countries .  Thi s i n tur n shoul d lea d t o a n 
inaease d rank-orde r  correlatio n betwee n estimate d an d tru e 
populatio n fo r  th e countrie s i n th e see d regions . 

I n th e bias-confirmin g condition ,  w e expecte d tha i  th e 
see d fact s woul d increas e subjects *  confidenc e i n tiiei r  pno r 
biase d beliefs .  T o th e exten t  tha t  thes e belief s ar e 
strengthe n b y exposur e t o th e confirmin g see d set ,  subject s 
shoul d increas e populatio n estimate s fo r  th e Europea n 
counuie s an d decreas e the m fo r  th e Asia n counties ,  leadin g 
t o a n overal l  deaeas e i n th e rank-orde r  correlatio n betwee n 
estimate d an d tru e population . 

I n brief ,  fo r  countrie s i n th e seede d regions ,  rank-orde r 
correlatio n betwee n estimate d an d tru e populatio n shoul d 
increas e ove r  block s i n th e bias-disconfinnin g conditio n 
and decreas e ove r  bloc k i n th e bias-confirmin g condition . 
I n contrast ,  w e predicte d n o chang e i n rank-orde r  correlatio n 
fo r  th e countrie s i n th e unseede d regions ,  i n eithe r  th e bias -
confirmin g o r  bias-disconfirmin g conditions .  Thi s i s 
becaus e neithe r  see d se t  ha d clea r  implication s fo r  th e 
accurac y o f  th e belief s tha t  determin e th e relativ e siz e o f 
Africa n an d Lati n America n countries .  Finally ,  sinc e th e 
contro l  subject s wer e give n n o informatio n abou t  nationa l 
populations ,  w e expecte d n o chang e i n th e rank-ordering s 
of  th e countrie s i n eithe r  th e seede d o r  unseede d regions . 

We expecte d a  larg e decreas e i n M A D fo r  th e countrie s 
from  th e seede d region s an d fo r  countrie s fro m th e unseede d 
regions ,  i n bot h th e bias-confirmin g an d bias -
disconfirmin g conditions .  Thi s i s  becaus e th e see d fact s 
shoul d provid e informatio n tha t  woul d allo w subject s t o 
evaluat e an d updat e thei r  rang e assumptions .  Sinc e rang e 

assumption s pla y a n importan t  rol e i n determinin g th e 
absolut e accurac y o f  al l  response s (a t  leas t  whe n rang e 
assumption s ca n b e of f  b y severa l  order s magnitude) ,  th e 
improvemen t  i n M A D shoul d no t  b e restricte d t o th e 
countrie s draw n fro m th e seede d regions .  Th e M A D score s 
fo r  th e contro l  subject s shoul d no t  chang e ove r  blocks . 

Results and Discussion 

In order to test predictions concerning changes in the rank-
orderin g o f  countries ,  w e first  obtaine d eigh t  rank-orde r 
correlation s pe r  subject .  Fo r  eac h subjec t  an d eac h tria l 
block ,  w e compute d on e correlatio n betwee n estimate d an d 
actua l  populatio n fo r  th e 1 2 transfe r  countrie s draw n fro m 
th e seede d regions ,  an d on e fo r  th e 1 2 transfe r  countrie s 
draw n fro m th e unseede d regions .  Thes e correlation s wer e 
the n submitte d t o a n A N O V A,  whic h indicate d tha t  th e 
interactio n betwee n see d set ,  transfe r  regio n an d tria l  bloc k 
was significan t  (F(6,171)=5.21 ,  p  <  .0001) . 

As predicted ,  th e rank-orde r  correlatio n fo r  th e seede d 
region s increase d whe n subject s wer e presente d wit h bias -
disconfirmin g see d population s an d decrease d whe n tJhe y 
wer e presente d wit h bias-confirmin g see d population s (se e 
Figur e 1) .  Als o a s predicted ,  th e rank-orde r  correlation s fo r 
th e unseede d region s wer e unaffecte d b y th e presenc e o f 
eithe r  confirmin g o r  disconfirmin g information .  Finally , 
th e contro l  conditio n indicate s subject s di d no t  alte r  thei r 
ranking-orderin g o f  countrie s i n th e absenc e o f  externall y 
provide d cues . 

i 

- 0 . 1 -

B l o c k 

Seeded-Disconfirmin g 

Seeded-Confirming 

Seeded-Control 

Unseeded-Disconfirming 

Unseeded-Confirming 

Unseeded-Control 

Figur e 1 .  M e a n rank-orde r  correlation s compute d aaos s countrie s i n th e seede d region s (Asi a an d Europe :  soli d lines )  an d th e 
unseede d region s (Afric a an d Lati n America :  dashe d lines) ,  fo r  subject s i n th e bias-disconfirmin g (squares) ,  bias-confirmin g 
(triangles) ,  an d conu-o l  condition s (circles) .  Experimen t  2  data . 
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An A N O V A wa s als o performe d o n th e th e accurac y 
data .  I n orde r  t o d o this ,  w e firs t  compute d th e absolut e 
differenc e betwee n th e estimate d an d actua l  populatio n fo r 

eac h response .  Next ,  fo r  eac h subjec t  an d eac h block ,  w e 
obtaine d median s o f  thes e absolut e difference s ove r  th e 1 2 
seede d transfe r  countrie s an d ove r  th e 1 2 unseede d transfe r 

countries . 
The mos t  interestin g resul t  i n thi s A N O V A wa s a 

significan t  See d Se t  X  Tria l  Bloc k interactio n 
(F(6,171)=3.27 ,  p  <  .01) .  Acros s th e fou r  tria l  blocks , 
estimate s i n th e contro l  conditio n becam e slightl y les s 
accurat e ( M A D =  27. 9 millio n i n Bloc k 1 ,  M A D =  34. 5 
millio n i n Bloc k 4) ;  estimate s i n th e bias-confirmin g 
conditio n becam e somewha t  mor e accurat e ( M A D =  35. 6 
millio n i n Bloc k 1 ,  M A D =  24. 0 millio n i n Bloc k 4) ;  an d 
estimate s i n th e bias-disconfinnin g conditio n improve d a 
grea t  deal .  ( M A D =  34. 5 mUlio n i n Bloc k 1 ,  M A D =  18. 5 
millio n i n Bloc k 4) .  I n contras t  t o th e analysi s performe d 
on th e rank-orde r  correlations ,  th e See d Se t  X  Transfe r 
Regio n X  Tria l  Bloc k interactio n wa s no t  signfican t  fo r 
th e M A D measur e ( f  (6,171)=1.19 ,  p  >  A ) .  Thi s i s 
consiten t  wit h th e predictio n tha t  th e seedin g proceedur e 
woul d improv e preformanc e i n a n absolut e sens e fo r  bot h 
th e see d an d unseede d regions . 

Conclusions 

There are three main points to take away from the research 
jus t  described .  Firs t  th e proces s tha t  generate s real-worl d 
quantitativ e estimate s ofte n blend s qualitativ e an d 
quantitativ e information .  I t  appear s tha t  thi s proces s doe s 
not  necessaril y  gran t  a  specia l  statu s t o informatio n tha t  i s 
explicitl y  quantitative .  Second ,  estimatio n ca n b e see n a s 
havin g tw o distinc t  components :  a n absolut e o r  rang e 
componen t  an d a  relativ e o r  rankin g componen t  W h e n th e 
knowledge-bas e i s seede d wit h a n arbitrar y o r  neutra l  se t  o f 
quantitativ e facts ,  on e ca n expec t  t o improv e performanc e 
i n a n absolut e sens e bu t  no t  i n a  relativ e sense .  Finally ,  i t 
appear s tha t  see d fact s mus t  b e carefull y selecte d i f  on e 
hope s t o improv e performanc e i n bot h relativ e an d absolut e 
senses .  Specifically ,  th e se t  o f  fact s presente d t o subject s 
must  b e consistent ,  informative ,  an d valid .  A  consisten t 
set  o f  fact s i s on e tha t  allow s fo r  a n obviou s mappin g 
betwee n th e items '  qualitativ e an d quantitativ e category ;  a n 
informativ e se t  o f  fact s i s on e tha t  provide s subject s wit h 
evidenc e tha t  suggest s change s i n thei r  beliefs ;  an d a  vali d 
set  o f  fact s i s on e tha t  lead s t o a n increas e o f  th e predictiv e 
validit y o f  th e modifie d bebefs . 
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