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Satisficin g Inferenc e a n d th e P e r k s o f  I g n o r a n c e 

Danie l  G .  Goldstei n un d Ger d Gigerenze r 
Cente r  fo r  Adaptiv e Behavio r  an d Cognitio n 

M ax Planc k Institut e fo r  Psychologica l  Researc h 
Leopoldstr .  24 ,  8080 2 Munic h G E R M A NY 

g o l d s t e i n S m p i p f - m u e n c h e n . m p g . d e 

Abst rac t 

Most  approache s t o modelin g rationa l  inferenc e d o no t 
tak e ini o accoun t  tha t  i n th e rea l  world ,  organism s mak e 
inference s unde r  limite d tim e an d knowledge .  I n thi s 
tradition ,  th e min d i s  treate d a s a  calculatin g demo n 
equippe d wit h unlimite d time ,  knowledge ,  an d 
computationa l  might .  W e propos e a  famil y o f  satisficin g 
algorithm s base d o n a  simpl e psychologica l  mechanism : 
one-reaso n decisio n making .  Thes e fas t  an d fruga l 
algorithm s violat e fundamenta l  tenet s o f  classica l 
rationality ,  fo r  example ,  the y neithe r  loo k u p no r  integrat e 
al l  information .  B y compute r  simulation ,  w e hel d a 
competitio n betwee n th e satisficin g Tak e Th e Bes t 
algorith m an d variou s mor e optimal "  decisio n procedures . 
The Tak e Th e Bes t  algorith m matche d o r  outperforme d al l 
competitor s i n inferentia l  spee d an d accuracy .  Mos t 
interestin g wa s th e flnding  tha t  th e bes t  algorithm s i n th e 
competition ,  thos e whic h use d a  for m o f  one-reaso n 
decisio n making ,  exhibite d a  startlin g "less-is-more " 
effect :  the y performe d bette r  wit h missin g knowledg e tha n 
wit h complet e knowledge .  W e discus s th e less-is-mor e 
effec t  an d presen t  evidenc e o f  i t  i n huma n reasoning .  Thi s 
counter-intuitiv e effec t  demonstrate s tha t  th e min d ca n 
satisfic e an d seiz e upo n regularitie s i n th e environmen t  t o 
th e exten t  tha t  i t  ca n exploi t  eve n th e absenc e o f 
knowledg e a s knowledge . 

Toward Satisflcing 

H o w doe s a n organis m m a k e inference s abou t  unknow n 
aspect s o f  th e environment ? Thre e direction s hav e bee n 
searche d i n th e hop e o f  a n answer .  Th e first,  whic h w e 
migh t  cal l  th e computationa l  demo n approach ,  equate s 
reasonin g wit h extensiv e calculation .  I t  applie s t o model s 
of  min d whic h describ e basi c cognitiv e processes ,  suc h a s 
estimation ,  inference ,  o r  categorization ,  a s resultin g fro m 
sophisticate d computations .  Example s o f  thi s ar e model s o f 
estimatio n base d o n multipl e regression ,  o r  model s o f 
foragin g behavio r  base d o n Bayes '  Theorem .  H o w ca n th e 
min d carr y ou t  suc h toug h statistica l  problem s tha t  too k 
millenni a o f  cultura l  evolutio n t o conquer ? Thi s i s  wher e 
th e demo n come s in .  Th e computationa l  demon ,  c o m m o n 
t o al l  suc h models ,  i s a  consultan t  t o th e reasonin g agent , 
capabl e computin g al l  possibl e future s base d o n it s 
extensiv e an d infallibl e m e m o r y o f  al l  thing s past .  Whil e 
thi s approach  i s  flatterin g t o th e organis m doin g th e 

reasoning ,  i t  m a y posi t  mor e computationa l  powe r  tha n i s 
plausibl e t o assum e exist s i n ordinar y minds .  Yet ,  suc h 
model s aboun d i n h u m a n an d anima l  psychology . 

Anothe r  w a y t o loo k a t  reasonin g cam e abou t  i n th e pas t 
fe w decade s an d ha s ha d a  powerfu l  impac t  o n psycholog y 
eve r  since .  Thi s i s  th e heuristics-and-biase s approac h 
(Kahneman ,  Slovi c &  Tversky ,  1982) ,  whic h suggest s tha t 
reasonin g i s governe d b y simpl e heuristic s tha t  generall y d o 
th e righ t  thing ,  bu t  tha t  m a y b e systematicall y an d wholl y 
misled .  I n principle ,  i t  i s  a  goo d idea :  d o awa y wit h 
computationa l  demons ,  an d replac e the m wit h simpl e 
principle s whic h m a y d o th e jo b equall y well .  A  proble m 
wit h th e heuristics-and-biase s approac h come s i n practic e 
wher e mos t  o f  th e researc h focuse s mor e o n biase s tha n 
heuristic s an d th e heuristic s offere d ar e notoriousl y vagu e 
(Gigerenze r  &  Goldstein ,  i n press) . 

Th e thir d an d mos t  promisin g vie w come s fro m Herber t 
S imo n (1956) .  Thi s vie w state s tha t  goo d reasonin g ca n 
c o me abou t  b y simpl e algorithm s tha t  "satisfice" .  Th e 
wor d satisficin g i s  a  blen d o f  th e word s satisfyin g an d 
sufficing ,  an d mean s jus t  that :  finding  near-optima l 
solution s t o difficul t  problem s unde r  th e limite d 
computationa l  constraint s o f  ordinar y minds .  A s wit h th e 
heuristics-and-biase s approach ,  th e computationa l  d e m o n i s 
replace d wit h somethin g mor e psychologicall y plausible , 
thoug h her e th e resultan t  reasonin g i s quic k an d clean ,  a s 
oppose d t o quic k an d dirty .  Anothe r  goo d featur e o f  Simon' s 
satisficin g ide a i s  tha t  i t  stem s fro m a  computationa l 
traditio n whic h favor s using  algorithm s a s models ,  instea d 
of  jus t  simpl e heuristic s i n isolation .  Algorithm s ar e easil y 
code d u p a s compute r  program s tha t  a  researche r  ca n us e t o 
put  a  mode l  throug h it s paces . 

W h at  ar e thes e simple ,  intelligen t  satisficin g algorithm s 
capabl e o f  makin g near-optima l  inferences ? H o w fas t  an d 
h o w accurat e ar e they ? I n thi s research ,  w e loo k a t  th e 
effectivenes s o f  a  satisficin g algorith m tha t  operate s wit h 
simpl e psychologica l  principle s tha t  satisf y th e constraint s 
of  limite d time ,  knowledge ,  an d computationa l  might .  A t 
th e sam e time ,  i t  i s  designe d t o b e fas t  an d fruga l  withou t  a 
significan t  los s o f  inferentia l  accurac y sinc e i t  ca n exploi t 
th e structur e o f  environments .  Fo r  instance ,  thi s algorith m 
use s th e "recognitio n principle" ,  a  simpl e for m o f  one -
reaso n decisio n making ,  whic h seem s a t  first  a  liabilit y bu t 
turn s ou t  t o a n effectiv e an d efficien t  heuristic .  I n 
simulatin g thi s an d othe r  algorithm s computationally ,  w e 
c a me acros s a  surprisin g "less-is-more "  effect :  a  certai n clas s 
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of  satisficin g algorithm s mad e bette r  inference s unde r 
condition s o f  missin g knowledg e tha n wit h complet e 
knowledge .  Thi s effec t  i s  discusse d an d it s existenc e i s 
prove n t o b e tie d t o th e recognitio n principle .  W e begi n 
wit h th e inferenc e tas k w e use d t o measur e th e effectivenes s 
of  variou s algorithms . 

The Task 

We dea l  wit h inferentia l  task s i n whic h a  choic e mus t  b e 
made betwee n tw o alternative s o n a  quantitativ e dimension. 
Conside r  th e followin g example :  Whic h cit y ha s a  large r 
population ? (a )  Hambur g (b )  Cologne .  Assum e tha t  a 
subjec t  doe s no t  kno w o r  canno t  deduc e th e answe r  t o th e 
question ,  bu t  need s t o mak e a n inductiv e inferenc e from 
relate d real-worl d knowledge .  H o w i s thi s inferenc e derived ? 
H o w ca n w e predic t  choic e (Hambur g o r  Cologne )  fro m a 
person' s stat e o f  knowledge ? 

We assum e tha t  t o mak e a n inferenc e abou t  whic h o f  tw o 
object s ha s a  highe r  value ,  knowledg e abou t  a  referenc e clas s 
i s searched .  I n ou r  example ,  knowledg e abou t  th e referenc e 
clas s "citie s i n Germany "  coul d b e searched .  Th e knowledg e 
coul d consis t  o f  probabilit y  cues .  Fo r  instance ,  whe n 
makin g inference s abou t  population s o f  Germa n cities ,  th e 
fac t  tha t  a  cit y ha s a  professiona l  socce r  tea m i n th e majo r 
leagu e ("Bundesliga" )  m a y com e t o a  person' s min d a s a 
potentia l  cue .  Tha t  is ,  whe n considerin g pair s o f  Germa n 
cities ,  i f  on e cit y ha s a  socce r  tea m i n th e majo r  leagu e an d 
th e othe r  doe s not ,  the n th e cit y wit h th e tea m i s likely ,  bu t 
not  certain ,  t o hav e th e large r  population .  I t  ma y b e usefu l 
t o thin k o f  a  knowledg e stat e o f  a  matri x o f  object s an d 
cues . 

Recognitio n 
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Figur e 1 :  Possibl e knowledg e stat e fo r  4  object s (a-d) ,  5 
cues ,  an d recognitio n knowledge . 

Figure 1 models a possible limited knowledge state of a 
person .  Limite d knowledg e mean s tha t  th e matri x o f  object s 
by cue s ha s missin g entrie s (tha t  is ,  objects ,  cues ,  o r  cu e 
value s m a y b e unknown) .  Sh e ha s hear d o f  thre e Germa n 
cities ,  a ,  b ,  an d c ,  bu t  no t  o f  d  (represente d b y thre e positiv e 
and on e negativ e "Recognition "  values) .  Sh e know s som e 
fact s (cu e values )  abou t  thes e citie s wit h respec t  t o five 
binar y cues .  Fo r  a  binar y cue ,  ther e ar e tw o cu e values , 
"positive "  (e.g. ,  th e cit y ha s a  socce r  team) ,  o r  "negative "  (i t 

does not) .  "Positive "  refer s t o a  cu e valu e tha t  signal s a 
highe r  valu e o n th e targe t  variabl e (fo r  example ,  havin g a 

socce r  tea m i s correlate d wit h hig h population) .  Unknow n 
cu e value s ar e show n b y a  questio n mark .  Sinc e sh e ha s 
neve r  hear d o f  objec t  d ,  th e recognitio n valu e o f  t /  i s  negativ e 
and al l  it s  othe r  cu e value s ar e necessaril y  unknown . 

The Environment 

We teste d th e performanc e o f  th e Tak e Th e Bes t  algorith m 
on ho w accuratel y i t  mad e inference s abou t  a  real-worl d 
environmen t  (fo r  a  mor e complet e descriptio n o f  thes e 
simulations ,  se e Gigerenze r  &  Goldstein ,  i n press) .  Th e 
environmen t  wa s th e se t  o f  al l  citie s i n German y wit h mor e 
tha n 100,00 0 inhabitant s (8 3 citie s afte r  Germa n 
reunification) ,  wit h populatio n a s th e targe t  variable .  Th e 
model  o f  th e environmen t  consiste d o f  9  binar y ecologica l 
cue s (suc h a s th e socce r  tea m cue) ,  an d th e actua l  9  x  8 3 cu e 
values . 

Each cu e ha d a n associate d ecologica l  validit y whic h i s 
indicativ e o f  it s  predictiv e power .  Th e ecologica l  validit y o f 
a cu e i s th e relativ e frequency,  i n a  referenc e class ,  tha t 
object s wit h positiv e cu e value s hav e highe r  targe t  variabl e 
value s tha n object s wit h negativ e cu e value s (e .  g. ,  th e 
relativ e frequenc y tha t  citie s wit h socce r  team s ar e mor e 
populou s tha n citie s withou t  team s i n al l  possibl e pairs) . 
The ecologica l  validit y o f  th e 9  cue s w e chos e range d ove r 
th e whol e specmim :  fro m .5 1 (onl y slightl y bette r  tha n 
chance )  t o 1. 0 (certainty) . 

We simulate d subject s wit h varyin g degree s o f  knowledg e 
abou t  thi s environment .  T o mode l  limite d recognido n 
knowledge ,  w e create d subject s w h o recognize d betwee n 0 
and 8 3 Germa n cities .  Fo r  eac h o f  thes e type s o f  subject , 
we create d 50 0 simulate d individuals ,  w h o differe d randoml y 
fro m on e anothe r  i n th e particula r  citie s the y knew .  Th e 
simulatio n neede d t o b e realisti c i n th e sens e dia t  peopl e ar e 
mor e likel y t o recogniz e larg e citie s tha n smal l  ones .  W e 
performe d a  surve y t o ge t  a n empirica l  estimat e o f  th e actua l 
covariatio n betwee n recognitio n o f  citie s an d cit y 
populations .  I n a  pilo t  stud y o f  2 6 undergraduate s a t  th e 
Universit y o f  Chicago ,  w e foun d tha t  th e citie s the y 
recognize d (withi n th e 8 3 larges t  i n Germany )  wer e large r 
tha n th e citie s the y di d no t  recogniz e i n abou t  8 0 % o f  al l 
possibl e comparisons .  W e refe r  t o thi s valu e a s th e 
"recognitio n validity" .  Thi s valu e wa s incorporate d int o ou r 
simulation s b y choosin g set s o f  citie s (fo r  eac h knowledg e 
state ,  tha t  is ,  fo r  eac h numbe r  o f  citie s recognized )  wher e th e 
know n citie s wer e large r  tha n th e unknow n citie s i n abou t 
8 0 % o f  al l  cases .  Thus ,  th e citie s know n b y di e simulate d 
subject s ha d th e sam e relationshi p betwee n recognitio n an d 
populatio n a s di d thos e o f  di e huma n subjects . 

Algorithms 

We hel d a  competitio n i n whic h five  decisio n algorithms , 
speciall y designe d fo r  two-alternativ e inferenc e tasks ,  wer e 
matche d agains t  eac h othe r  i n a  contest .  Th e winne r  woul d 
be th e algorith m whic h mad e th e mos t  correc t  inference s i n 
th e leas t  amoun t  o f  time .  Th e first  competito r  i s  calle d th e 
Tak e Th e Bes t  algorith m (Gigerenze r  &  Goldstein ,  i n press) , 
becaus e it s polic y i s "tak e th e best ,  ignor e th e rest" . 

The Tak e Th e Bes t  algorith m assume s a  subjectiv e ran k 
orde r  o f  cue s accordin g t o thei r  validities .  W e cal l  th e 
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highes t  rankin g cu e th e "best "  cue .  Her e ar e th e step s o f  th e 
algorithm : 

(1 )  Recognitio n principle :  Th e recognitio n principl e i s 
invoke d whe n th e mer e recognitio n o f  a n objec t  i s  a 
predicto r  o f  th e targe t  variabl e (here ,  population) .  Th e 
recognitio n principl e states :  i f  onl y on e o f  th e tw o object s i s 
recognized,  the n choos e th e recognize d object .  I f  neithe r  o f 
th e tw o object s i s recognized ,  the n choos e randoml y betwee n 
them .  I f  bot h o f  th e object s ar e recognized ,  the n procee d t o 
Ste p 2 . 

(2 )  Searc h fo r  th e value s o f  th e bes t  cue :  Fo r  th e tw o 
objects ,  retrieve  th e cu e value s o f  th e bes t  cu e fi-om 
memory. 

(3 )  Discriminatio n rule :  Decid e whethe r  th e cu e 
discriminates .  T h e cu e i s sai d t o discriminat e betwee n tw o 
object s i f  on e ha s a  positiv e cu e valu e an d th e othe r  doe s 
not . 

(4 )  C u e substitutio n principle :  I f  th e cu e discriminates , 
the n sto p searchin g fo r  cu e values .  Else ,  g o bac k t o Ste p 2 
and continu e wit h th e nex t  bes t  cu e unti l  a  cu e tha t 
discriminate s i s found . 

(5 )  Maximizin g rul e fo r  choice :  Choos e th e objec t  wit h 
th e positiv e cu e value .  I f  n o cu e discriminates ,  the n choos e 
randomly . 

O ne importan t  featur e o f  thi s algorith m i s  tha t  searc h 
extend s throug h onl y a  portio n o f  th e tota l  knowledg e i n 
memory (a s show n b y th e shade d part s o f  Figur e 1) ,  an d 
stop s immediatel y whe n th e first  discriminatin g cu e i s 
found .  Thus ,  th e algorith m i s wel l  suite d t o situation s o f 
limite d tim e o r  knowledge .  A  seemingl y irrationa l  featur e 
of  th e algorith m i s  tha t  i t  doe s no t  attemp t  t o integrat e 
information ,  bu t  use s cu e substitutio n instead .  Thi s ide a o f 
basin g a n entir e decisio n o n on e singl e cu e i s wha t  w e cal l 
one-reaso n decisio n making .  Not e tha t  th e recognitio n 
principl e (Ste p 1) ,  i s a  for m o f  one-reaso n decisio n making . 
We shal l  late r  se e h o w thi s satisficin g mechanis m ca n 
actuall y improv e inferentia l  accuracy . 

Testing the Algorithms 

Wit h th e hel p o f  som e o f  ou r  colleague s an d statisticia n 
friends ,  w e create d five,  mor e traditiona l  competitor s t o 
compar e t o th e Tak e Th e Bes t  algorithm .  I n Tallying ,  th e 
number  o f  positiv e cu e value s fo r  eac h objec t  i s  tallie d 
acros s al l  cue s an d s u m m e d t o giv e a  scor e fo r  eac h city . 
The cit y wit h th e larges t  numbe r  o f  positiv e cu e value s i s 
chosen .  Weighte d Tallyin g i s  identica l  t o tallyin g excep t 
tha t  th e value s adde d t o eac h city' s scor e ar e weighte d b y th e 
respectiv e ecologica l  cu e validities .  Th e Unit-Weigh t  Linea r 
Model  add s on e poin t  t o a  city' s scor e fo r  eac h positiv e 
value ,  bu t  subtract s on e poin t  fo r  eac h negativ e cu e value , 
and choose s th e cit y wit h th e bes t  score .  Finally ,  th e 
Weighte d Linea r  Mode l  i s  simila r  it s  unit-weighte d 
counterpart ,  excep t  tha t  i t  add s an d subtract s weighte d value s 
(th e ecologica l  cu e validities )  instea d o f  whol e points . 

We teste d h o w wel l  subject s usin g th e variou s algorithm s 
di d a t  answerin g question s o f  th e kind ,  "Whic h cit y ha s mor e 
inhabitants ? (a )  Heidelber g (b )  Bonn. "  Eac h o f  th e 50 0 
simulate d subject s i n eac h o f  th e 8 4 type s wa s teste d o n th e 
exhaustiv e se t  o f  340 3 cit y pair s resultin g i n a  tota l  o f  50 0 
X 8 4 X  340 3 tests ,  tha t  is ,  abou t  14 3 millio n fo r  eac h 

algorithm .  Th e numbe r  o f  correc t  inferences ,  an d th e 
amount  o f  cu e value s looke d u p wer e reconie d fo r  eac h 
subjec t  an d algorithm . 

Results 

Th e competitio n ha d tw o quit e surprisin g results .  Firs t  o f 
all ,  eve n thoug h th e Tak e th e Bes t  algorith m used  fa r  les s 
informatio n tha n th e othe r  algorithm s (o n average ,  les s tha n 
a thir d o f  al l  availabl e cu e values) ,  i t  matche d o r 
outperforme d al l  othe r  algorithm s i n th e proportio n o f 
correc t  inference s (Figur e 2) . 

C/3 
o 
c 

iTak e th e Bes t 
iWeighte d Tallyiri ^ 
iTallyin g \ ^ 

Weighte d Linea r  Mode l 
Unit-Weigh t  Linea r  Mode l 

r  X 

0 1 0 2 0 .T O 4 0 5 0 6 0 7 0 8 0 

Number  o f  Cit ie s Recognize d 

Figure 2: Less-is-more effect appearing for a variety of 
decisio n algorithms . 

The second, very surprising result was that the best 
algorithm s i n th e competitio n performe d bette r  wit h missin g 
knowledg e tha n wit h complet e knowledge ,  a s th e non -
monotoni c uppe r  curve s suggest .  Notic e h o w fo r  thes e 
curves ,  a t  an y leve l  o f  limite d recognitio n knowledg e o f 
cities ,  learnin g mor e Germa n citie s wil l  eventuall y caus e a 
decreas e i n proportio n correct .  W e cal l  thi s intriguin g 
finding  th e "less-is-mor e effect" . 

The Less-is-More Effect 

W h at  i s behin d th e less-is-mor e effect ? Th e mos t  importan t 
facto r  i s th e recognitio n principle .  Al l  th e algorithm s whic h 
exhibi t  th e less-is-mor e effec t  follo w th e recognitio n 
principle .  I n th e cas e o f  Tak e Th e Best ,  i t  i s  a  definin g 
characteristi c o f  th e model ,  i n th e tallyin g variants ,  i t  arise s 
as a  side-effect .  Th e linea r  model s violat e th e recognitio n 
principl e regularly ;  the y ofte n predic t  a n unrecognize d cit y t o 
be large r  tha n a  recognize d on e (t o understan d why ,  se e 
Gigerenze r  &  Goldstein ,  i n press) .  Onc e thi s i s realized ,  th e 
reaso n fo r  th e effec t  ca n b e see n analytically .  W e wil l  buil d 
up t o th e mor e complicate d analyti c resul t  fro m a  simpl e 
though t  experiment . 
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Imagin e thre e brother s wh o si t  dow n t o tak e a  qui z o n th e 
100 larges t  Germa n cities .  Th e younges t  brothe r  i s 
ignorant :  h e ha s neve r  eve n hear d o f  German y before .  Th e 
middl e brothe r  i s savvy :  h e recognize s 2 5 o f  th e 5 0 larges t 
citie s fro m wha t  h e ha s overhear d fro m da y t o day .  Th e 
eldes t  brothe r  i s quit e th e scholar :  on e da y h e too k i t  upo n 
himsel f  t o memoriz e th e name s o f  al l  th e citie s o n hi s ma p 
of  Germany .  Non e o f  th e brother s know s anythin g 
significan t  abou t  th e citie s othe r  tha n thei r  names .  N o w 
suppos e al l  thre e brother s adop t  th e sam e strateg y fo r  takin g 
th e test .  Eac h decide s tha t  h e wil l  us e th e recognitio n cu e 
whereve r  h e can :  i n situation s wher e h e i s give n on e cit y h e 
recognize s an d on e cit y h e doe s not ,  h e wil l  alway s pic k th e 
cit y h e recognizes .  I n al l  othe r  situation s ~  tw o 
unrecognize d o r  tw o recognize d citie s -  h e wil l  jus t  guess . 

Conside r  ho w th e brother s wil l  perform .  Clearly ,  th e 
younges t  brothe r  wil l  hav e t o gues s o n ever y questio n ~  hi s 
long-ru n scor e wil l  b e 5 0 % correct .  T o th e middl e brother , 
th e tes t  wil l  loo k a  littl e different .  I n 5 0 % o f  th e question s 
he wil l  b e abl e t o us e th e recognitio n cu e an d i n th e othe r 
5 0 % h e wil l  not .  A s luc k woul d hav e it ,  th e recognitio n 
validit y fo r  th e middl e brothe r  i s  8 0 % ( a realisti c 
assumption ,  a s ou r  surve y showed) .  B y guessin g o n hal f 
th e question s an d usin g th e 8 0 % successfii l  recognitio n cu e 
on th e othe r  half ,  a  simpl e calculatio n show s tha t  th e middl e 
brothe r  wil l  en d u p gettin g 6 5 % o f  al l  question s correct . 
The eldes t  an d mos t  knowledgeabl e brother ,  neve r  bein g abl e 
t o activat e th e recognitio n cue ,  wil l  hav e t o gues s o n ever y 
questio n an d thu s scor e 5 0 % correct .  Figur e 3  show s ho w 
th e thre e brothers ,  an d al l  intermediat e knowledg e states , 
woul d perfor m i n thi s domain . 

0. 7 
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brothe r 

Younges t 

brothe r 
Eldes t 

brothe r 

Proportio n o f  object s recognize d 

Figure 3; Performance for the three brothers and all 
intermediat e knowledg e states . 

It becomes clear that the less-is-more effect is brought 
abou t  b y th e variabl e applicabilit y o f  th e recognitio n 

principl e i n variou s knowledg e states .  Whe n th e recognitio n 

cue i s no t  abl e t o b e activated ,  th e syste m i s force d t o guess . 

Thi s though t  experimen t  ma y explai n wh y a n elde r  brothe r 

wit h n o rea l  knowledg e beyon d recognitio n ma y perfor m s o 
poorly ,  bu t  wha t  abou t  th e simulatio n results ,  wher e a  less -
is-mor e effec t  persiste d eve n whe n th e simulate d subject s ha d 
knowledg e i n th e for m o f  actua l  cu e values ? Th e followin g 

proo f  explains . 
Suppos e th e numbe r  o f  object s (e.g. ,  cities )  i n th e 

referenc e clas s i s N .  Le t  n  b e th e numbe r  o f  object s 

recognize d b y a  subject .  Thes e tw o variable s determin e th e 
proportion s o f  questio n type s tha t  wil l  appea r  o n a  quiz .  I n 

2 -̂ [ 1 ̂ \~ ^  I  o f  al l  possibl e questions ,  on e cit y wil l  b e 

In N - n \ 
N 

lN-n-\ \ 
[  N- l  I 

of  th e recognize d an d th e othe r  not . 

questions, both cities will be unrecognized, whereas in 

•w)("^I^ of the questions, both cities will be recognized. 

When both cities are unrecognized, there is nothing to do 
but  guess ,  an d i n th e lon g run ,  hal f  o f  thes e guesse s wil l  b e 
correct .  I f  on e cit y i s  recognize d an d th e othe r  not ,  th e 
recognitio n principl e say s t o pic k th e recognize d city .  Le t  a 
be th e probabilit y o f  choosin g th e righ t  answe r  vi a th e 
recognitio n principle .  I f  bot h citie s ar e recognized ,  th e 
inferenc e ha s t o b e mad e usin g knowledg e othe r  tha n mer e 
recognition .  Le t  / ? b e th e probabilit y o f  gettin g th e righ t 
answer  i n thi s case .  I f  a  an d / ? ar e bot h roughl y constan t 
and independen t  o f  n ,  th e followin g functio n y(« )  give s th e 
expecte d proportio n o f  correc t  inferences : 

/(« )  =  2 n 
[N l 

(N-n \ 
a + 

IN-n]lN-n-l\ \  .  I  n  ] [  n- l  U 
\  N  A  N- l  1 2 XNAN-i r \N-i r 

By analyzin g th e grap h o f  (pin) ,  th e continuou s versio n o f 
y(n) ,  on e see s tha t  th e less-is-mor e effec t  occur s i f  thi s curv e 
has a  maximu m betwee n n  =  0  an d n  = N  -  111 .  Solvin g th e 
equatio n (p\n )  =  0 ,  whe n (p\n )  i s simpl y th e first  derivativ e 
of  0(n) ,  on e locate s th e maximu m o f  0(n )  at : 

-( 1 -2P-2 N +  4aN ) 
2 ( 1 - 4 a + 2)3 )  (» ) 

A simpl e calculatio n show s tha t  whe n a=)3 ,  th e locatio n 
of  th e curve' s maximu m i s  equa l  t o N-l/2 .  Eithe r 
increasin g a  o r  decreasin g j 3 fro m thi s poin t  cause s th e 
fractio n (* )  t o decrease ,  whic h implie s th e maximu m o f  (j){n ) 
wil l  b e displace d t o th e left .  Fro m this ,  w e ca n conclud e tha t 
ther e wil l  b e a  less-is-mor e effec t  wheneve r  a  >  p ,  tha t  is , 
wheneve r  th e accurac y o f  mer e recognitio n i s greate r  tha n th e 
accurac y achievabl e whe n bot h object s ar e recognized . 

Discussion 

T wo surprisin g result s cam e ou t  o f  thi s competitio n 
betwee n algorithms .  On e i s tha t  a  non-standard ,  satisficin g 
algorith m f)erforme d a s wel l  a s o r  bette r  tha n al l  othe r 
algorithm s i n th e competition ,  whil e lookin g u p onl y one -
thir d o f  th e knowledg e use d b y th e competitors .  Th e secon d 
was tha t  th e bes t  algorithm s i n th e competitio n di d bette r 
wit h missin g knowledg e tha n wit h complet e knowledge . 
The stron g forc e mos t  accountabl e fo r  bot h thes e result s wa s 
th e simpl e an d bol d recognitio n principle ,  a  for m o f  one -
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reaso n decisio n making .  Th e firs t  resul t  i s  a n existenc e 
proo f  tha t  a  satisficin g algorith m ca n d o a s wel l 
computationally-expensiv e model s tha t  us e mor e 
information .  Th e secon d suggest s that ,  give n th e correc t 
environmen t  an d a n organis m tha t  follow s th e recognitio n 
principle ,  th e less-is-mor e effec t  ough t  t o emerg e i n th e rea l 
world . 

H ow difficul t  i s  i t  t o find a  less-is-mor e effec t  i n rea l 
human behavior ? E>oin g s o depend s o n finding  a n 
environmen t  wit h th e correc t  structure ,  an d peopl e wh o 
appl y th e recognitio n principle .  I t  i s  a  relativel y simpl e 
matte r  t o find a  reference  clas s wher e a  less-is-mor e effec t 
shoul d occur :  simpl y find  on e wher e recognitio n i s a  bette r 
predicto r  tha n th e environmenta l  cues ,  an d wher e th e 
ecologica l  validitie s o f  recognitio n an d th e cue s d o no t 
chang e drasticall y a s a  mor e an d mor e object s becom e 
recognized .  Thi s informatio n abou t  environmen t  structure s 
coul d b e obtaine d fro m survey s an d interview s abou t  wha t 
object s peopl e recognize ,  an d ho w goo d the y ar e a t  makin g 
inference s abou t  thes e objects .  Severa l  experimenta l  studie s 
(Goldstein ,  1994 ;  Goldstei n &  Gigerenzer ,  1996) ,  sho w 
subject s exhibi t  a  hig h degre e o f  recognitio n principl e 
adherence ,  eve n i n case s wher e the y ar e give n informatio n 
whic h suggest s doin g otherwise .  Th e analyti c result s w e 
hav e derive d allo w on e t o predic t  whe n an d t o wha t  exten t 
th e less-is-mor e effec t  wil l  occur . 

The result s o f  thi s stud y pain t  a  ne w pictur e o f  th e mind , 
not  a  pictur e wher e th e min d i s a  computationa l  demon ,  an d 
not  on e wher e i t  i s doome d t o follo w shodd y heuristic s tha t 
lea d i t  astray .  Rather ,  i t  paint s th e min d a s a  time-presse d 
scavenger ,  on e whic h use s th e structure s o f  natura l 
environment s t o th e degre e tha t  i t  ca n depen d o n a  single , 
well-chose n cu e a s oppose d t o th e costl y aggregatio n o f 
many,  an d on e tha t  ca n exploi t  an y informatio n ~  eve n th e 
ver y absenc e o f  knowledg e -  t o mak e accurat e inference s 
abou t  unknow n feature s o f  th e world . 
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