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D y n a m i c s o f  R u l e Inductio n b y M a k i n g Queries : 

Transitio n B e t w e e n Strategie s 

In s Ginzbur g 
Terrenc e J .  Sejnowak i 

Howar d Hughe s Medica l  Institut e 
Th e Sal k Institut e 

1001 0 N .  Torre y Pine s Rd . 
L a Jolla ,  C A 9203 7 

e-mail :  irisQsalk.ed u 

Abstrac t 

The induction of rules by making queries is a dynamical 
proces s base d o n seekin g information .  Experimenter s 
typicall y loo k fo r  on e dominan t  strateg y tha t  i s use d b y 
subjects ,  whic h ma y o r  ma y no t  agre e wit h normativ e 
model s o f  thi s psychologica l  process .  I n thi s stud y w e 
approac h thi s proble m fro m a  differen t  perspective ,  re -
late d t o wor k i n learnin g theor y (se e fo r  exampl e Bau m 
1991,  Freun d e t  al .  1995) .  Usin g informatio n theor y 
i n a  Bayesia n framework ,  w e estimate d th e informatio n 
gaine d b y querie s whe n th e tas k i s t o find  a  specifi c  rul e 
i n a  hypothesi s space .  Assumin g tha t  a t  eac h poin t  sub -
ject s hav e a  preferre d workin g hypothesis ,  w e considere d 
severa l  possibl e strategies ,  an d determine d th e bes t  on e 
so tha t  informatio n gai n b  maximize d a t  eac h step .  W e 
foun d tha t  whe n th e confidenc e i n th e preferre d hypoth -
esi s i s weak ,  "Confirmatio n Queries "  resul t  i n maximu m 
informatio n gain ;  th e informatio n gaine d b y "Investiga -
tio n Queries "  i s highe r  whe n th e confidenc e i n th e pre -
ferre d hypothesi s i s high .  Considerin g th e dynamica l 
proces s o f  searchin g fo r  th e rule ,  startin g wit h lo w con -
fidence  i n th e preferre d hypothesi s an d graduall y raisin g 
confidence ,  ther e shoul d b e a  transitio n fro m th e "Con -
firmation  Strategy "  t o th e "Investigativ e Strategy" ,  a s 
th e searc h proceeds .  I f  w e assum e tha t  subject s up -
dat e thei r  belief s regardin g th e task ,  whil e performing , 
we woul d expec t  tha t  th e "Positiv e Confirmatio n Strat -
egy "  woul d yiel d mor e informatio n a t  lo w confidenc e 
leve b whil e th e "Negativ e Confirmatio n Strategy "  (sim -
pl e elimination )  woul d b e mor e informativ e a t  highe r 
confidenc e levels . 
We teste d subject s performanc e i n suc h a  task ,  usin g a 
paradig m introduce d b y Waso n (1960) .  Al l  subject s first 
assumed a  hypothesi s an d the n mad e positiv e confirma -
tio n queries .  Upo n receivin g confirmation ,  hal f  th e sub -
ject s presente d negativ e confirmatio n querie s an d later , 
hal f  switche d int o investigativ e querie s befor e attempt -
in g t o gues s th e experimenter' s rule .  Also ,  th e frequenc y 
of  querie s i n th e mor e 'advanced '  strategie s wen t  dow n 
as th e confidenc e leve l  require d t o evok e th e strateg y 
went  up .  W e conclud e tha t  subject s appea r  t o b e us -
in g differen t  strategie s a t  differen t  stage s o f  th e search , 
whic h i s theoreticall y optima l  whe n querie s ar e guide d 
by a  paradig m tha t  maximize s informatio n gai n a t  eac h 
step . 

I n t r o d u c t i o n 

Investigatin g th e inductio n o f  rule s b y makin g querie s i s 
an activ e are a o f  research .  O n e o f  th e pioneerin g studie s 
i n thi s field  wa s b y Waso n (1960 )  w h o presente d sub -
ject s wit h a  rul e inductio n tas k an d foun d tha t  subject s 
tende d t o mak e querie s tha t  conformme d t o th e rul e the y 
hav e i n mind ,  counte r  t o th e 'normative '  approac h sug -
gestin g tha t  subject s shoul d tr y t o -lâ r̂ov e thei r  hy -
potheses .  Mor e recen t  studie s (Klayma n &  Ha ,  1987) , 
(Oaksfor d k  Chater ,  1994 )  suggeste d tha t  unde r  som e 
condition s i t  m a y b e bette r  t o us e a  confirmatio n strat -
egy rathe r  tha n th e disprovin g one . 

I n general ,  th e informatio n gaine d a t  eac h ste p o f  th e 
searc h depend s o n th e hypothesi s spac e i n whic h th e 
searc h i s  conducte d an d o n th e aprior i  belief s regard -
in g th e probabilit y  fo r  eac h hypothesi s i n thi s spac e t o 
be th e targe t  hypothesis .  A n additiona l  facto r  i s ho w 
th e belief s ar e update d give n ne w information .  I n thi s 
study ,  w e presen t  a  theoretica l  framewor k fo r  a  searc h 
i n a  larg e hypothesi s spac e an d stud y th e informatio n 
gaine d b y severa l  searc h strategies .  Althoug h th e spac e 
i s large ,  w e stud y strategie s tha t  conside r  explicitl y a 
smal l  numbe r  o f  workin g hypotheses ,  whil e makin g ver y 
genera l  assumption s regardin g th e res t  o f  th e space . 

We predic t  tha t  differen t  strategie s wil l  b e adopte d a t 
differen t  stage s o f  th e search ,  a s th e confidenc e i n th e 
workin g hypothese s increases .  W e compar e ou r  theo -
retica l  result s wit h behavio r  o f  subject s i n a  modifie d 
experimen t  alon g th e line s o f  th e 'triple s guessin g game ' 
suggeste d b y Waso n (1960) . 

Theory 

Her e w e presen t  an d analyz e a  theoretica l  mode l  fo r  th e 
rul e inductio n problem .  W e sugges t  a n optima l  behav -
io r  base d o n maximizatio n o f  th e informatio n gaine d b y 
individua l  queries .  W e defin e fou r  type s o f  querie s an d 
find  unde r  whic h condition s i t  i s  bes t  t o us e whic h strat -
egy .  W e begi n wit h definitions .  Th e searc h i s conducte d 
i n a  hypothesi s spac e { H ]  whic h w e assum e contain s N 
independen t  hypotheses .  Eac h hypothesis ,  h„ ,  define s a 
uniqu e subset s ove r  a  dat a spac e { D } .  Eac h hypothe -
si s ca n b e represente d b y a  binar y functio n whic h ha s 
valu e 1  a t  dat a point s tha t  li e withi n th e specifi c  sub -
set ,  an d valu e 0  a t  othe r  dat a point s i n { D } .  On e o f 
th e hypotheses ,  ht ,  i s  chose n t o b e th e targe t  hypoth -
esi s whic h a n 'optima l  seeker '  need s t o find  b y makin g 
queries .  Wit h eac h query ,  th e seeke r  choose s a  poin t  d 
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i n {D }  an d i s the n informe d whethe r  thi s dat a poin t 
belong s t o th e targe t  subspac e o r  not .  A t  eac h poin t 
i n th e search ,  th e knowledg e tha t  th e seeke r  ha s abou t 
th e solutio n i s represente d b y assignin g eac h on e o f  th e 
hypothese s a  probabilit y  tha t  i t  i s  th e targe t  hypoth -
esis ,  p[h„ ]  =  p[h n =  ht] -  Th e resul t  i s  a  probabilit y 
distributio n ove r  th e hypothesi s spac e whic h reflect s th e 
knowledg e o r  uncertaint y o f  th e seeker .  Th e entrop y S 
of  th e probabilit y  distributio n ove r  th e hypothese s spac e 
i s a  measur e o f  uncertainty : 

N 
5(P )  =  - E p [ M i o g ( p [ M ) (1 ) 

n =  l 

wher e P  i s th e probabilit y  distributio n P  =  {p(/in)} -
The entrop y increase s wit h th e uncertainty ,  whic h ca n 
be easil y demonstrate d b y tw o extrem e cases :  (a )  Whe n 
th e targe t  hypothesi s i s know n an d ther e i s n o uncer -
tainty ,  p[ht ]  =  1  an d al l  othe r  probabilitie s ar e 0 .  I t  i s 
easy t o se e tha t  i n thi s cas e th e entrop y i s 0 .  (b )  Whe n 
th e uncertaint y i s a t  it s  maximum ,  al l  hypothese s ar e 
equiprobable ,  p[/»„ ]  =  l/N .  Th e correspondin g entrop y 
i s log(iV) ,  whic h i s th e maximu m valu e th e entrop y ca n 
have i n thi s case .  Normally ,  ther e i s som e knowledg e re -
gardin g th e probabilit y  distributio n an d th e entrop y wil l 
have intermediat e values .  Prio r  t o choosin g a  quer y d , 
ther e i s a  prio r  probabilit y  distributio n ove r  th e hypothe -
ses space ,  P °  =  {p''[hn] }  wit h a  correspondin g entrop y 
SiP" )  a s define d b y (1) .  Upo n receivin g th e informa -
tio n ht{d) ,  th e seeke r  update s th e probabilitie s an d th e 
resul t  i s  a  se t  o f  posterio r  probabilitie s P P =  {p''[/in]} -
Basically ,  an y hypothesi s h „  suc h tha t  hn{d )  ̂  ht{d )  i s 
rule d out ,  i.e .  f̂ [/i„' ]  =  0 .  We assum e tha t  th e proba -
bilitie s o f  th e remainin g (surviving )  hypotheses ,  ar e up -
date d accordin g t o Baye s rule .  Th e uncertaint y change s 
t o S{P'') .  Thi s chang e depend s o n th e valu e tha t  wil l 
be obtaine d i n repl y t o th e query ,  whic h i s no t  know n i n 
advance .  Thus ,  th e expecte d uncertaint y afte r  makin g 
th e quer y i s give n b y th e expecte d entrop y 

E S i P n =  p M d )  ̂  ^siP^htid )  =  I ) 
+p[h,id )  =  0]SiPP\htid )  =  0 ) (2 ) 

The differenc e betwee n th e prio r  entrop y an d th e poste -
rio r  expecte d entrop y i s th e informatio n gaine d b y th e 
query : 

E I G =  S{P ' ) -  ESiP" )  (3 ) 

The posterio r  probabilitie s ma y b e update d usin g dif -
feren t  rules ,  bu t  i n thi s stud y w e choos e t o updat e th e 
belief s usin g Bayes '  rule .  Therefore , 

pP[h„Md) ]  = 
p[ht{d)\h„]p[h„ ] 

p M d ) ] 
(4 ) 

wher e ht{d )  ca n b e equa l  t o 1  o r  0 .  Unde r  thes e condi -
tion s i t  i s  eas y t o se e tha t  th e expecte d informatio n gai n 
i s equa l  t o th e entrop y o f  th e informatio n sourc e ht{d) , 
sinc e th e hypothese s ar e deterministi c function s ove r  th e 
dat a se t  {D} : 

EI G =  - p M d )  =  1 
- p M d )  =  o : 

log( p 
log( p 

M d)  =  1] ) 
M d)  =  0]) . 

(5 ) 

I n orde r  t o comput e th e expecte d informatio n gaine d 
by an y query ,  on e need s t o estimat e th e prio r  probabil -
it y  o f  th e possibl e value s o f  ht{d )  an d th e bes t  strateg y 
woul d b e t o choos e querie s tha t  ar e expecte d t o yiel d 0 
or  1  wit h probabilit y  o f  0.5 .  I n othe r  word s choosin g th e 
quer y tha t  i s  leas t  predictabl e wil l  yiel d th e maxima l  in -
formatio n gain .  I n orde r  t o d o so ,  however ,  on e need s t o 
kno w th e value s o f  man y hypothese s a t  eac h dat a point , 
an abilit y  tha t  require s a  larg e memor y capacit y whe n 
dealin g wit h a  larg e space ,  se e (Freun d e t  al .  1995) . 
Sinc e human s hav e a  limite d capacit y fo r  workin g mem-
ory ,  th e strategie s use d b y subject s wil l  probabl y no t  b e 
optimal ,  leadin g perhap s t o th e us e o f  mor e tha n on e 
strateg y a t  differen t  times ,  i n a  wa y tha t  approximate s 
th e optima l  strategy . 

We no w appl y thi s fo r  th e specia l  cas e o f  rul e induc -
tion .  On e o f  th e mai n limitin g factor s i s th e memor y 
capacity ,  whic h translate s i n thi s cas e t o th e numbe r 
of  hypothese s subject s ca n conside r  simultaneously .  We 
conside r  strategie s tha t  involv e a  smal l  numbe r  o f  ex -
plici t  workin g hypotheses ;  othe r  hypothese s ar e consid -
ere d implicitl y  b y assumin g tha t  ther e i s som e averag e 
probabilit y  fo r  a  'random '  hypothesi s t o hav e a  valu e 1 
at  an y specifi c  dat a poin t 

r=p[/»„(d )  =  l] .  (6 ) 

Thi s i s equivalen t  t o assumin g tha t  ther e i s a  typica l 
siz e o f  th e subset s correspondin g t o th e hypothese s i n 
th e space .  We defin e fou r  differen t  strategies ,  bu t  ou r 
analysi s coul d b e easil y expande d t o more . 

The first  tw o type s o f  strategie s ar e th e "Confir -
matio n Strategies" ,  whic h ca n b e positiv e o r  negative . 
When subject s hav e on e workin g hypothesis ,  an d d o no t 
conside r  an y alternatives ,  the y ca n mak e tw o type s o f 
queries .  Th e "Positiv e Confirmatio n Strategy "  (PCS ) 
querie s ar e thos e dat a point s tha t  confor m t o th e work -
in g hypothesis ,  i n othe r  words :  these s ar e th e 'classical ' 
confirmatio n querie s (se e [Waso n I960]) .  Th e "Negativ e 
Confirmatio n Strategy "  (NCS )  querie s ar e thos e whic h 
yiel d a  negativ e repl y wit h respec t  t o th e workin g hy -
pothesis .  I n bot h cases ,  subject s conside r  onl y T H E 
WORKing hypothesis ,  an d n o alternativ e hypotheses , 
as a  guid e t o th e querie s tha t  the y make . 

Let  h w b e th e workin g hypothesis ,  the n thi s implie s 
tha t 

p̂ /iu ,  =  ht ]  >  p'lhr ,  =  ht] ,  ni^w .  (7 ) 

Sinc e w e assum e tha t  al l  othe r  hypothese s ar e equi -
probable ,  th e probabilit y  o f  al l  othe r  hypothese s i s 

Pn=(l-P«.)/(A^-1) ,  n i^ w (8 ) 

Ther e ar e tw o possibl e type s o f  queries :  th e Positiv e 
Confirmatio n query ,  wit h a  dat a poin t  dp c fo r  whic h 
hw{dpc )  =  1  an d th e Negativ e Confirmatio n query ,  wit h 
a poin t  dn c fo r  whic h hw{dpc )  =  0 .  Whe n choosin g a 
Positiv e Confirmatio n query ,  dpc ,  w e ca n estimat e th e 
prio r  probabilit y  p[/i((<fpc )  =  1] .  I f  th e workin g hypothe -
si s i s correct ,  ĥ ,  =  ht ,  th e repl y wil l  b e 1 .  Ther e i s als o 
a fractio n r  o f  th e hypothese s fo r  whic h /in'(rfpc )  =  1 
define d i n (6) .  Th e probabilit y  tha t  th e repl y wil l  b e 1 
is : 

p[ht{dpc )  =  1 ]  =  p ^  -I -  ( 1 -  p„) r  (9 ) 
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A simila r  analysi s hold s fo r  th e negativ e confirmatio n 
query ,  fo r  whic h 

p[htidnc )  =  0 ]  =  { l -Pw) r (10 ) 

T wo othe r  type s o f  strategie s considere d her e ar e "In -
vestigativ e Strategies "  i n whic h th e seeke r  consider s a 
workin g hypothesi s an d a n alternativ e hypothesi s simul -
taneously .  An y quer y whic h conform s t o on e hypothe -
si s bu t  doe s no t  confor m t o th e other ,  wil l  enabl e th e 
subjec t  t o rul e ou t  on e o f  thes e hypotheses .  W e de -
fine  th e "Positiv e Investigatio n Strategy "  (PIS )  whe n 
a quer y conform s t o th e workin g hypothesi s an d doe s 
not  confor m t o h e alternativ e hypothesis .  Similarly ,  de -
fine  th e "Negativ e Investigatio n Strategy "  (NIS )  whe n a 
quer y conform s t o th e alternativ e hypothesi s an d doe s 
not  confor m t o th e workin g hypothesis .  Not e tha t  th e 
onl y differenc e betwee n th e Confirmatio n Strategie s an d 
th e Investigativ e Strategie s i s th e existanc e o f  a n alter -
nativ e hypothesis . 

Formally ,  w e defin e th e alternativ e hypothesis ,  ha ,  a s 
th e hypothesi s whic h i s les s favorabl e tha n h^ ,  bu t  i s 
preferabl e t o othe r  hypothese s i n th e space . 

pIM > P'iha] > P'lh„] n^w,a. (11) 

The Positive Investigation query dpi is defined by 
hw(dpi )  =  l./»o(<̂ pi )  =  0 .  Th e probabilit y  tha t  th e repl y 
wil l  b e 1  is : 

p[ht{dpi )  =  1 ]  =  ( 1 -  p ^  -  pa) r  +  p u (12 ) 

The Negativ e Investigatio n i s simila r  t o th e Positiv e In -
vestigatio n onl y i t  ha s th e opposit e value s wit h respec t 
t o /lu ,  an d h a an d th e probabilit y  tha t  th e repl y wil l  b e 
1 is : 

P[ht{dni )  =  I ]  =  { I  -  Pu ,  -  Pa) r  +  P a (13 ) 

One ca n generaliz e ou r  analysi s t o th e cas e wher e ther e 
i s mor e tha n on e alternative ;  th e result s d o no t  chang e 
significantly . 

I n summary ,  th e strategie s ar e define d b y tw o criteria : 
First ,  ho w man y favorabl e hypothese s ar e bein g consid -
ere d simultaneously ? A  workin g hypothesi s i s alway s 
considered ,  bu t  subject s ma y o r  ma y no t  conside r  a n 
alternativ e hypothesis .  Secondly ,  I s th e favorabl e hy -
pothese s positiv e o r  negativ e a t  th e quer y point ? 
The facto r  tha t  determine s th e informativenes s o f  th e 
quer y i s th e predictabilit y  o f  th e reply ,  whic h w e ca n es -
timat e fo r  eac h strategy .  Th e averag e informatio n gaine d 
by th e differen t  queries ,  usin g eqs .  (3 )  &  (5 )  is : 

EIG = p[h,id) = \]\og{p[htid) = I]) 
+{ 1 -  p M d )  =  l])\og{ l  -  p[h,{d )  =  I] ) 

(14 ) 
wher e p[ht{d )  =  1 ]  i s  th e probabilit y  o f  th e repl y t o quer y 
d t o b e 1 ,  an d th e close r  p[ht(d )  =  1 ]  i s  t o 0.5 ,  th e mor e 
informativ e th e quer y is .  W e summariz e th e result s i n 
th e followin g table : 

Quer y Typ e 

Pos.  Conf . 

Neg.  Conf . 

Pos.  Inv . 

Neg.  Inv . 

Dat a Poin t 

d =  dp . 

d =  dn c 

d =  dp i 

d =  d„ i 

p M d )  =  I J 

( 1 -pu;) r  +  pu , 

(l-Pu/)* -

( I  -pu ,  -Pa) r  +  P w 

( 1 - P m -Pa) r  +  P a 

Tabl e 1 .  Predictabilit y  o f  queries :  probabilit y  o f  repl y 
equal s 1 . 

Thes e condition s lea d t o a  numbe r  o f  predictions ,  as -
sumin g tha t  th e optima l  strateg y i s adopted .  Regard -
les s o f  wha t  r  is ,  th e confirmatio n strategie s ar e al -
ways preferabl e t o th e investigativ e strategie s a t  lo w con -
difenc e p ^  <  0. 5 -| -  Par/ 2 an d th e othe r  wa y aroun d 
when th e confidenc e i s high .  U p t o thi s critica l  value , 
\p[htidpc,nc )  =  1 ]  -  0.5 |  <  |p[/i,(dp.,„. )  =  1 ]  -  0.5| ,  an d 
the n th e relatio n i s reversed .  Fro m a  simila r  compari -
son o f  th e positiv e an d negativ e confirmatio n strategies , 
when r  <  0. 5 th e positiv e confirmatio n i s alway s bet -
te r  tha n th e negativ e confirmatio n an d whe n r  >  0. 5 
th e negativ e confirmatio n i s preferabl e t o th e positiv e 
confirmation .  Althoug h w e hav e n o direc t  measur e o f 
th e subjectiv e valu e o f  r  usin g th e curren t  experimenta l 
paradigm ,  w e assum e tha t  subject s updat e thei r  subjec -
tiv e estimat e o f  r  alon g th e search ,  fro m a  lo w valu e 
at  th e star t  t o a  highe r  valu e afte r  receivin g frequen t 
replie s o f  1 ,  du e t o th e specifi c  desig n o f  th e Waso n test . 
I n summary ,  w e predict : 

•  Differen t  strategie s wil l  b e use d b y subject s accordin g 
t o th e followin g order :  positiv e confirmation ,  negativ e 
confirmatio n an d last ,  investigatio n 

•  Th e late r  strategies ,  correspondin g t o highe r  confi -
denc e levels ,  wil l  b e les s frequen t  sinc e subject s gues s 
th e rul e a t  differen t  subjectiv e confidenc e levels , 

•  Confirmatio n strategie s shoul d b e correlate d wit h lo w 
confidence ,  an d investigativ e strategie s wit h hig h con -
fidence. 

Experimental Paradigm 

Subject s wer e aske d t o discove r  a  mathematica l  rul e tha t 
applie s t o triple s o f  number s b y writin g dow n set s o f 
thre e number s alon g wit h th e reason s fo r  th e choice . 
The y wer e als o aske d t o writ e dow n thei r  bes t  gues s o f 
th e unknow n rul e a t  thi s poin t  an d thei r  confidenc e tha t 
thi s ma y b e th e correc t  rule .  I n addition ,  the y wer e 
aske d t o not e thei r  predictio n o f  wha t  wil l  b e th e experi -
menter' s repl y an d thei r  confidenc e i n thei r  bes t  gues s a s 
wel l  a s th e predicte d reply .  Th e confidenc e wa s rate d a s 
Low,  Medium ,  Hig h o r  Ver y High .  Subject s wer e give n 
one confirmin g exampl e t o begi n th e process ,  an d al l 
replie s wer e kep t  o n a  for m (Figur e 1) .  Subject s wer e 
give n onl y on e chanc e t o explicitl y  gues s th e rule ,  afte r 
whic h th e proces s terminated .  W e analyze d th e dat a ac -
cordin g t o th e definition s o f  th e strategie s give n i n Tabl e 
1.  whic h ar e demonstrate d i n Figur e 2 .  W e assume d tha t 
th e bes t  gues s a t  eac h poin t  wa s th e workin g hypothesi s 
of  subjects . 
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R e s u l t s 

We analyze d dat a fro m 2 0 subjects ,  generatin g a  tota l 
of  9 9 queries .  W e considerie d th e bes t  gues s t o b e th e 
workin g hypothesis . 

Confidenc e level s wer e transforme d t o number s be -
twee n 1-4 .  Th e mos t  frequen t  strateg y wa s th e posi -
tiv e confirmation :  19/2 0 subject s use d i t  a t  som e point . 
Th e secondar y mos t  frequen t  wa s th e negativ e confirma -
tion :  10/2 0 subject s use d it .  Th e leas t  frequentl y use d i s 
th e investigatio n strategy :  5/20 .  Thi s perfectl y matche d 
our  theoretica l  predictions ,  althoug h othe r  explanation s 
can b e give n fo r  th e sam e data .  Sinc e th e Investigativ e 
strategie s wer e muc h rarel y used ,  w e poole d dat a fro m 
th e Positiv e an d Negativ e Investigatio n querie s together . 

We conside r  eac h quer y t o b e a n independen t  event . 
Th e confidenc e leve l  wa s foun d t o b e correlate d wit h 
th e differen t  type s o f  strategie s tha t  ar e use d (Figur e 
3) .  However ,  th e tw o confirmatio n strategie s wer e no t 
significantl y different ,  probabl y du e t o a  smal l  sampl e 
size .  Th e investigativ e strategie s wer e foun d t o b e use d 
at  significantl y highe r  confidenc e level s wit h p  <  0.05 . 

A simila r  analysi s wa s performe d fo r  th e orderin g o f 
th e differen t  strategies .  Eac h quer y wa s give n a n order -
in g labe l  withi n eac h subject' s  game ,  accordin g t o it s se -
quentia l  numberin g normalize d b y th e numbe r  o f  querie s 
aske d b y eac h individual .  Tha t  is ,  eac h quer y receive d 
a labe l  betwee n 0  an d 1 .  Ther e i s a  correlatio n betwee n 
th e typ e o f  strateg y an d th e orderin g (Figur e 4) .  Th e 
Positiv e Confirmatio n strateg y whic h i s mor e commonl y 
use d i n th e beginnin g o f  th e game ,  wa s foun d signifi -
cantl y differen t  fro m th e Negativ e Confirmatio n whic h i s 
use d a t  mor e advance d sequencing ,  wit h p  <  0.06 .  Th e 
investigativ e strateg y wa s foun d t o b e use d a t  highe r 
sequencing ,  an d i s significantl y distinc t  fro m th e Confir -
matio n strategie s wit h p  <  0.05 . 

I t  wa s interestin g tha t  16/2 0 subject s starte d thei r 
guesse s b y a  positiv e confirmatio n quer y t o whic h the y 
expecte d a  negativ e reply .  Thi s suggest s tha t  subject s 
initiall y  expec t  tha t  th e probabilit y  o f  a  rando m quer y t o 
yiel d a  positiv e repl y i s low ,  i n accordanc e wit h ou r  as -
sumptio n tha t  r  ̂  0.5 .  2/ 8 subject s wh o foun d th e cor -
rec t  rul e use d onl y positiv e confirmatio n queries .  Thes e 
subject s performe d a  serie s o f  spontaneou s change s i n 
thei r  workin g hypothesis . 

Summary 

We hav e presente d a  theoretica l  analysi s o f  informa -
tio n searc h i n a  larg e hypothesi s space .  W e hav e show n 
tha t  subject s use d differen t  searc h strategie s a t  differen t 
stage s o f  th e search ,  i n a  wa y tha t  wa s correlate d wit h 
confidenc e i n thei r  workin g hypothesis .  Th e confidenc e 
leve l  appear s a s a  significan t  paramete r  i n theoreticall y 
determinin g th e bes t  searc h strategy ,  a s wel l  a s i n pre -
dictin g th e behavio r  o f  subjects . 

An importan t  facto r  i n ou r  analysi s i s th e assumptio n 
tha t  subject s update d thei r  subjectiv e belief s regardin g 
th e repl y t o a  rando m query ,  a  directio n w e inten d t o 
explor e i n th e future . 

I n addition ,  on e ca n easil y show ,  usin g th e paradig m 
we hav e presented ,  tha t  a s th e hypothesi s spac e become s 

larger ,  i t  i s les s valuabl e t o conside r  alternativ e hypothe -
ses .  Evidenc e fo r  thi s notio n wa s foun d b y (Va n Wal -
lendaelan d an d Hastie ,  1990 )  wh o showe d tha t  whe n th e 
number  o f  possibl e alternativ e hypothese s wa s large ,  sub -
ject s tende d t o updat e thei r  belief s regardin g on e work -
in g hypothesi s only .  A s th e spac e siz e wa s reduce d (i n 
tha t  stud y th e spac e i s quit e small) ,  subject s bega n t o 
updat e thei r  belie f  i n mor e tha n on e hypothesis . 

I n ou r  theoretica l  analysi s w e assume d tha t  th e sub -
ject s update d thei r  belief s abou t  th e likelihoo d o f  receiv -
in g positiv e (o r  negative )  answer s durin g th e task ,  whic h 
i s equivalen t  t o th e presume d siz e o f  th e targe t  subset . 
Thi s correlate s wit h th e anchorin g effec t  (Kahnema n an d 
Tversky ,  1974) :  informatio n tha t  i s explicitl y  no t  rele -
van t  t o th e tas k subject s ar e require d t o perfor m stil l 
affect s th e behavio r  o f  subjects . 
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Thre e 

Nnmbei s 

eumple : 

2,4, 6 

Piedcle d 

Repl y 

Confidenc e 

i n reply; 
UM,H. v 

Reasons fo r 

Choic e 

Be$t;ijessofnil e 

I t  thi s poin t 

Confidenc e 

i n bes t  guess : 
UM,H, V 

REPLY 

YES 

3 

COD f i  deuc e 

leve l  ^ 

1. 

Strategy : 

1 

1 

positiv e negativ e -^^^^^^^^ 

confirmatio n confirmatio n 

n = 7 4 n = 1 2 n = 1 3 

Figur e 1 :  T h e for m use d i n th e experiment . Figur e 3 :  Correlatio n betwee n strateg y an d confidenc e 
level ,  n  i s th e n u m b e r  o f  querie s tha t  correspon d t o 
eac h strategy .  T h e erro r  bar s represen t  th e standar d 
deviatio n o f  th e distribution s an d no t  th e deviation s o f 
th e m e a n s . 

Query Typ e 

1 Positiv e 
Confiiraatio n 

2 Negativ e 
Conrnraatio n 

•1 Positiv e 
Investigatio n 

^  Negativ e 
Investigatio n 

Thre e 
Numben 

6,8.1 0 

1.3. 5 

8,10.1 2 

2,6,1 0 

Reasons fo r 
Choio e 

confir m 

les t 

rul e ou t  possbilil y  tha t 
nurabei s ar e multiple s 
of  th e firel  numbe r 

pertiap s al l  triple s 
of  increasin g even s 

Best  gues s o f 
Rul e a t  thi s poin t 

eve n number s 
increasin g b y 2 

eve n number s 
increasin g b y 2 

eve n number s 
Increasin g b y 2 

eve n number s 
increasin g b y 2 

1. 0 

relativ e 

positio n 

i n th e o 5 _ 

sequenc e 

Strategy : 

r- -| 

r- -1 
-- | 

positiv e negativ e i„^g^ig3,.p „ 

confirmatio n confirmatio n 

n=74 n=1 2 n=1 3 

Figur e 2 :  Definitio n o f  fou r  differen t  type s o f  queries . Figur e 4 :  Orde r  o f  strategies ,  n  i s th e n u m b e r  o f  querie s 
tha t  correspon d t o eac h strategy .  T h e erro r  bar s repre -
sen t  th e standar d deviatio n o f  th e distribution s an d no t 
th e deviation s o f  th e m e a n s . 
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