
UC Merced
Proceedings of the Annual Meeting of the Cognitive Science 
Society

Title
Transitions Between Modes of Inquiry in a Rule Discovery Task

Permalink
https://escholarship.org/uc/item/554560j8

Journal
Proceedings of the Annual Meeting of the Cognitive Science Society, 14(0)

Authors
Halberstadt, Naftali
Kareev, Yaakov

Publication Date
1992
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/554560j8
https://escholarship.org
http://www.cdlib.org/


Trans i t i on s B«twa« n Mode s o f  Inqu i r y 
i n a  Rul a Discover y Tas k 

Naftali Halberstadt^ and Yaakov Kareev 
Goldi e Rotma n Cente r  fo r  Cognitiv e Scienc e an d Educatio n 

Schoo l  o f  Educatio n 
The Hebre w Universit y o f  Jerusale m 

Jerusale m 91905 ,  Israel . 
Email :  BAUHN@VM1.HUJI.AC.I L 

Abs t rac t 

studies of rule discovery behavior 
emplo y on e o f  tw o researc h paradigms : 
I n th e receptio n paradig m th e ite m 
evaluate d o n eac h tria l  i s  provide d 
by th e researcher ;  i n th e 
selection/generatio n paradig m th e 
ite m t o b e evaluate d i s selecte d o r 
generate d b y th e subject .  Th e 
prevalenc e o f  bot h paradigm s an d 
thei r  correspondenc e t o wel l 
establishe d mode s o f  scientifi c 
inquir y le d u s t o th e hypothesi s tha t 
i f  give n th e choice ,  subject s woul d 
emplo y bot h mode s o f  inquiry .  T o tes t 
thi s hypothesi s 2 7 adult s an d 2 7 8t h 
grader s solve d thre e rul e discover y 
problem s i n a  compute r  environmen t 
whic h allowe d fre e transition s 
betwee n ite m receptio n an d 
generation .  Almos t  al l  th e adult s an d 
roughl y hal f  th e childre n employe d 
bot h mode s o f  inquir y o n a t  leas t  on e 
problem ,  wit h adult s muc h likelie r  t o 
generat e items .  Th e us e o f  a  metho d 
of  inquir y cam e i n block s wit h 
generatio n tendin g t o follo w 
reception .  A n invers e relationshi p 
was foun d betwee n ite m generatio n an d 
th e proportio n o f  positiv e instance s 
supplie d b y th e environment .  Withi n 
bot h ag e groups ,  consisten t 
individua l  difference s wer e foun d 
regardin g inquir y style .  Thes e 
result s she d ne w ligh t  o n inquir y 
behavio r  an d demonstrat e th e 
desirabilit y  o f  lettin g subject s 
freel y choos e betwee n differin g mode s 
of  inquiry . 
Theories which attempt to explain 
behavio r  i n rul e discover y task s 

stimul i  t o 
presente d b y 
pre-arrange d 
experimente r 
th e stimul i 

usuall y adop t  on e o f  tw o orientation s 
regardin g th e process :  Dat a drive n o r 
theor y driven .  Thi s differentiatio n 
has als o bee n characterize d a s 
"bottom-up "  o r  "top-down. " 

Most  empirica l  studie s o f  th e 
inquir y process ,  hav e implicitl y 
adopte d on e o f  thes e tw o approaches , 
i n tha t  the y employe d on e o f  tw o 
researc h paradigms :  Th e receptio n 
paradigm ,  o r  th e selectio n paradigm . 

Under  th e receptio n paradig m th e 
be classifie d ar e 

th e experimente r  i n a 
order ,  givin g th e 

complet e contro l  ove r 
encountere d b y th e 

subject .  Unde r  th e selectio n paradig m 
th e subjec t  i s  presente d wit h th e 
entir e arra y o f  stimul i  a t  th e outse t 
and the n freel y choose s stimul i  i n 
orde r  t o discove r  th e concept .  Unde r 
th e closel y relate d generatio n 
paradig m th e subjec t  create s o r 
generate s th e instance s t o b e teste d 
i n th e searc h fo r  th e concep t  o r 
rule .  Th e advantag e o f  thi s mod e o f 
inquir y i s tha t  i t  i s  relativel y eas y 
t o infe r  th e subject' s though t 
processe s give n th e ite m chose n an d 
th e curren t  hypothesis . 

The moder n stud y o f  rule-discover y 
and hypothesi s testin g starte d wit h 
Bruner ,  Goodno w an d Austi n (1956 )  an d 
continue d t o generat e muc h interes t 
and activit y throughou t  th e year s 
(fo r  recen t  studie s an d theoretica l 
development s se e Evan s (1989) ,  Klah r 
and Dunba r  (1988) ,  Klayma n an d H a 
(1987 ,  1989) .  Tw o finding s regardin g 
rul e discover y behavio r  ar e 
particularl y relevan t  t o us .  First , 
solvin g suc h task s subject s exhibi t  a 

^  Thi s pape r  i s base d o n dat a collecte d fo r  a  doctora l  dissertatio n 
submitte d t o th e Hebre w Universit y o f  Jerusale m b y th e firs t  author .  Th e wor k wa s 
supporte d i n par t  b y grant s fro m th e Israe l  Foundation s Trustee s an d Th e NCJ W 
Researc h Institut e fo r  Innovatio n i n Education . 
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stron g confirmatio n bia s (Wason , 
1960 )  whic h a s bee n foun d ver y 
difficul t  t o modif y (Mynatt ,  Dohert y 
and Tweney ,  1978 ;  Waso n an d Johnson -
Laird ,  1972) .  Mor e recentl y Evan s 
(1989 )  offere d a n alternativ e 
perspective s o n th e phenomeno n whil e 
Klayma n an d H a (1987 )  vie w th e searc h 
fo r  positiv e instance s o f  a  targe t 
categor y a s par t  o f  a n efficien t 
heuristic .  Second ,  Klah r  an d Dunba r 
(1988 )  employin g a  generatio n 
paradig m i n a  scientifi c  incjuir y tas k 
foun d tha t  thei r  subject s coul d b e 
characterize d a s bein g eithe r 
"theorists "  o r  "experimenters, " 
dependin g upo n thei r  preferre d mod e 
of  inquiry . 

A nvunbe r  o f  studie s hav e bee n 
carrie d ou t  t o asses s developmenta l 
trend s i n scientifi c  abilities . 
Moshman (1979 )  investigate d th e 
developmen t  o f  forma l  hypothesi s 
testin g abilit y  i n a  selectio n 
paradigm .  Eve n amongs t  Moshman' s 
oldes t  seunpl e (colleg e students )  onl y 
a thir d regularl y acknowledge d th e 
us e o f  falsification .  Moshman 
implicate s a n inabilit y  t o 
distinguis h betwee n hypothese s 
(theory )  an d evidenc e (data )  i n 
explainin g thi s lac k o f  experimenta l 
sophistication .  Thi s i s precisel y th e 
conclusio n draw n b y Kuh n an d he r 
associate s (Kuhn ,  Amse l  an d 
O'Loughlin ,  1988 ;  Kuhn ,  1989) ,  i n 
explainin g th e difference s betwee n 
childre n an d adult s a s scientists .  A 
recen t  stud y b y Sodian ,  Zaitchik ,  an d 
Care y (1991 )  indicate s tha t  th e ag e 
difference s reporte d abov e migh t 
appl y onl y i n a  tas k whic h demand s 
th e generatio n o f  a  critica l 
hypotheses . 

A recurren t  findin g i n studie s o f 
rul e discover y i s th e les s tha n 
optima l  performanc e b y subjects . 
Perhap s thi s findin g reflect s th e 
effect s o f  employin g a n unsuitabl e 
strateg y a t  a  particula r  stag e o f  th e 
inquir y process .  Tha t  is ,  i t  i s 
possibl e tha t  subject s wer e force d t o 
emplo y a n inappropriat e mod e o f 
inquir y eithe r  becaus e the y wer e 
force d t o continu e wit h a  les s 
efficien t  metho d beyon d th e poin t  a t 
whic h the y woul d hav e employe d a  mor e 
powerfu l  one ,  o r  becaus e the y wer e 
provide d wit h a  powerfu l  metho d whe n 
not  ye t  read y t o extrac t  th e maximu m 
benefi t  fro m it . 

I t  follow s tha t  a  mor e successfu l 
paradig m fo r  th e stud y o f  inquir y 
woul d b e t o provid e subject s wit h a n 

environmen t  i n whic h the y hav e th e 
opportunit y t o choos e betwee n data -
drive n an d theory-drive n mode s o f 
inquir y -  betwee n observatio n alon e 
and activ e experimentation .  On e ma y 
the n observ e whethe r  on e o f  th e 
method s i s preferre d ove r  th e othe r 
at  som e o r  al l  stage s o f  th e inquir y 
process .  Wil l  an y characteristi c 
pattern s o f  transitio n betwee n mode s 
of  inquir y emerge ? Wil l  w e fin d a 
m o r e e f f i c i e n t  u s e o f 
experimentation ? I f  group s o f 
subject s diffe r  i n thei r  respectiv e 
us e o f  eithe r  o r  bot h mode s o f 
inquir y ho w d o the y differ ? How ,  i f 
at  all ,  woul d th e incidenc e o f 
positiv e instance s i n th e inquir y 
environmen t  affec t  subjects '  choic e 
of  method ? Finally ,  wil l  ther e b e an y 
developmenta l  trend s i n th e us e o f 
th e tw o mode s o f  inquiry ? 

Me tho d 

Subjects. The subjects were 27 
colleg e student s an d 2 7 8t h graders . 

Procedure and Materials. Each subject 
solve d thre e problems .  Item s wer e 
create d throug h combination s o f  si x 
binar y dimensions .  Th e subject' s tas k 
was t o distinguis h betwee n member s 
and non-member s o f  a  targe t  group . 

A computer-base d environmen t 
allowe d th e subjec t  t o freel y choos e 
betwee n th e receptio n o r  generatio n 
mode o f  inquiry .  O n eac h tria l  th e 
subjec t  coul d reques t  a  ready-mad e 
ite m o r  construc t  on e (b y choosin g 
th e desire d value s fro m a  menu) .  I n 
eithe r  mode ,  th e subjec t  ha d t o stat e 
his/he r  belie f  regardin g th e 
categorica l  membershi p o f  th e ite m 
and receive d feedbac k o n th e accurac y 
of  tha t  belief .  I n addition ,  th e 
subjec t  coul d choos e a  "Tes t  Me " 
optio n o n an y tria l  (referre d t o a s 
th e Exi t  Sequence )  i n whic h s/h e ha d 
t o correctl y classif y te n consecutiv e 
tes t  item s i n orde r  t o prov e tha t 
s/h e ha d learne d th e rule .  A n erro r 
durin g th e Exi t  Sequenc e returne d th e 
subjec t  t o th e mai n menu . 
Design. The experiment had a three-
way factoria l  desig n wit h factor s 
bein g percen t  o f  positiv e instance s 
supplie d b y th e environmen t  (10% , 
25%,  o r  50%) ,  numbe r  o f  Critica l 
Value s (1, 2 o r  3 ) ,  an d Proble m 
Isomorp h (on e involve d a  personne l 
directo r  evaluatin g jo b applicants , 
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anothe r  involve d tree s whic h gre w o r 
di d no t  gro w i n a  particula r  typ e o f 
soil ,  an d a  thir d involve d a 
collectio n o f  geometri c  shapes) .  Eac h 
subjec t  complete d thre e problems , 
organize d accordin g t o a  Greco-Lati n 
Squar e design . 

Results and Discussion 

Each step in the subjects' protocol 
was classifie d a s on e o f  fou r 
behavio r  types :  "Get "  ( a reques t  fo r 
read y mad e item) ,  a  "Positiv e Build " 
or  a  "Negativ e Build "  (th e generatio n 
of  a  tes t  ite m b y th e subjec t  whereb y 
"Positive "  an d "Negative "  refe r  t o 
whethe r  th e subjec t  believe d th e ite m 
buil t  t o b e a  positiv e o r  negativ e 
instanc e o f  th e targe t  group) ,  o r  a n 
"Exit "  ( a reques t  t o ente r  th e Exi t 
Sequence) . 

A preliminar y analysi s establishe d 
tha t  proble m conten t  di d no t 
significantl y affec t  an y on e o f  nin e 
basi c measures .  Consequently ,  conten t 
does no t  serv e a s a  facto r  i n th e 
analyses . 

Oioba l  Measure s o f  Inquir y Behavio r 

To characterize the overall nature of 
th e inquir y behavio r  w e tabulate d th e 
frequenc y o f  th e fou r  majo r  behavio r 
types .  Th e results ,  includin g a 
compariso n betwee n ag e groups ,  ar e 
presente d i n Tabl e 1 . 

Adults used the generative mode 
more ofte n tha n di d children .  The y 
use d i t  o n 29.1 % o f  th e trial s (5.5 % 
fo r  th e children) ,  employe d i t  a t 
leas t  onc e i n 79 % o f  th e problem s 
(35 % fo r  children )  an d 2 5 ou t  o f  2 7 
adul t  subject s use d i t  o n a t  leas t 
one proble m (1 4 ou t  o f  2 7 children) . 
Childre n relie d mor e o n th e receptio n 
strategy ,  entere d int o (an d thus , 
faile d ou t  of )  th e Exi t  Sequenc e mor e 
often ,  an d too k longe r  t o solv e 
problems . 

Transition s Betwee n Mode s o f  Inquir y 

It was hypothesized that when given 
th e freedo m t o choos e betwee n mode s 
of  inquiry ,  subject s woul d begi n b y 
optin g t o vie w read y mad e exemplar s 
and onl y late r  progres s t o a  strateg y 
i n whic h the y woul d generat e tes t 
items .  Th e mea n tria l  number s o f  th e 
fou r  behavio r  type s appea r  i n Tabl e 
2. 

Measur e 

GET 

POSITIV E BUIL D 

NEGATIVE BUIL D 

EXI T 

TRIAL S 

8t h Grader s 

N o f 
Trial s 

15.9 8 

1.1 7 

0.2 3 

8.1 5 

25.5 3 

% o f 
Trial s 

62. 6 

4. 6 

0. 9 

31. 9 

100. 0 

Adult s 

N o f 
Trial s 

9.1 8 

3.5 9 

1.2 5 

2.6 1 

16.6 3 

% o f 
Trial s 

55. 2 

21. 6 

7. 5 

15. 7 

100. 0 

t 
valu e 

3.1 9 

-4.9 5 

-3.7 6 

3.9 4 

3.1 1 

P 

.00 2 

<.00 1 

<.00 1 

<.00 1 

.00 2 

Tabl e 1 ;  Mean s an d t-Value s fo r  Behavio r  Type s b y Ag e 
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Behavio r 

GET 

POSITIV E BUIL D 

NEGATIVE BUIL D 

EXI T 

8t h 
grader s • 

8.0 4 

11.3 7 

12.8 9 

14.6 0 

Adult s 

6.5 4 

8.9 7 

10.5 2 

14.3 2 

Tabl e 2 ;  Mea n Tria l  Number  fo r  Fou r  Categorie s o f  Inquir y Behavio r 

^ 8th grade statistics reflect only those protocols in which the subject 
performe d a t  leas t  on e "Get "  ste p an d on e "Build "  step . 

The mea n tria l  number s wer e i n th e 
predicte d directio n bot h fo r  th e 
adult s an d fo r  th e 8t h grader s wh o 
use d th e generativ e procedure . 
Moreover ,  th e result s indicat e tha t 
withi n generatio n th e mor e common 
positiv e tes t  precede s th e les s 
frequentl y use d negativ e test . 

We the n checke d whethe r  o r  no t  th e 
fou r  behavior s com e i n cluster s 
(i.e. ,  i f  eac h inquir y behavio r  wa s 
most  likel y t o hav e bee n precede d b y 
a behavio r  o f  th e sam e type) .  A s i t 
turne d ou t  fo r  bot h ag e groups ,  ever y 
behavio r  typ e wa s mos t  likel y t o hav e 
bee n precede d b y a  lik e behavior . 
Thi s indicate s tha t  beyon d th e 
tendenc y t o firs t  observ e an d late r 
experiment ,  subject s progresse d 
throug h th e proces s i r  a n orderl y 
fashio n i n whic h onc e a  stag e o f 
inquir y wa s entere d the y tende d t o 
sta y i n i t  fo r  a  whil e befor e goin g 
ont o th e nex t  stage . 

Our  nex t  questio n concerne d th e 
effec t  o f  mistake s o n th e progressio n 
throug h th e inquir y process .  We 
compare d th e numbe r  o f  time s tha t  a 
correctl y identifie d generatio n an d 
an incorrectl y identifie d generatio n 
precede d a  reques t  fo r  seein g a 
ready-mad e ite m (ou t  o f  al l 
generations) .  Th e compariso n reveale d 
tha t  fo r  bot h ag e group s ther e wer e 
significantl y mor e instance s i n whic h 
a reques t  fo r  a  ready-mad e ite m wa s 
precede d b y a n incorrectl y identifie d 
generatio n (t(159 )  =  1.8 7 p  <  .05) . 
Thus ,  i t  ma y b e see n tha t  th e orderl y 
natur e o f  th e inquir y proces s wa s 
preserve d i n a  regressiv e a s wel l  a s 
progressiv e manner ,  whe n subject s 
encountere d difficultie s i n thei r 
investigations . 

Environaanta l  Mediation i  Th e 
Availabilit y  o f  Positiv e Instance s 

People engaged in a rule discovery 
tas k exhibi t  a  stron g confirmatio n 
bias ,  manifeste d i n th e tendenc y t o 
generat e positive ,  rathe r  tha n 
negativ e tes t  items .  Ou r  result s (se e 
Tabl e 1 )  sho w a  simila r  trend ,  wit h 
positiv e test s outnumberin g negativ e 
ones b y a  rati o o f  3: 1 amon g adult s 
and 5: 1 amon g th e 8t h graders . 

As i t  turne d out ,  th e tendenc y t o 
prefe r  positiv e ove r  negativ e tes t 
item s wa s mediate d b y th e 
environment .  A n analysi s o f  th e 
effec t  o f  th e percen t  o f  positiv e 
instance s i n th e environmen t  o n th e 
tota l  incidenc e o f  positiv e test s 
reveale d tha t  th e numbe r  o f  positiv e 
test s increase d a s th e percentag e o f 
positiv e instance s i n th e environmen t 
decrease d (F(2,154 )  =  4.76 ,  p  =  .01) . 
Furthermore ,  th e analysi s reveale d a 
significan t  interactio n betwee n ag e 
and percen t  o f  positiv e instance s 
(£(2,154 )  =  3.17 ,  E  <  -05) ,  wit h th e 
abov e tren d observe d onl y amongs t  th e 
adul t  sample . 
Characteristic s o f  Experinantatio n 

Experimentation calls for the 
controlle d manipulatio n o f  variable s 
i n orde r  t o stud y thei r  effects .  T o 
gai n a n insigh t  int o th e natur e o f 
experimentatio n i n th e presen t  task , 
we recorde d th e numbe r  o f  value s 
change d i n eac h generate d ite m 
relativ e t o th e ite m jus t  precedin g 
it .  We the n checke d whic h independen t 
variable s wer e relate d t o th e numbe r 
of  changes .  I t  wa s foun d tha t  fewe r 
value s wer e change d when :  1 -  th e 
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previou s ite m belonge d t o th e targe t 
grou p tha n whe n i t  di d no t  belon g t o 
i t  (1.8 4 vs .  2.6 6 changes ;  F(1,433 )  -
39.03 ,  E  <.001) ;  an d 2 -  th e previou s 
tria l  alread y involve d a  generatio n 
rathe r  tha n a  receptio n o r  a  faile d 
attemp t  a t  th e Exi t  Sequenc e (2.0 4 
change s followin g a  Positiv e Build , 
2.1 9 change s followin g a  Negativ e 
Buil d an d 2.8 2 followin g a  Ge t  o r 
Exit ;  F(2,433 )  =  18.61 ,  p  <.001) . 

Interestingly ,  i n thi s analysi s 
age wa s no t  foun d t o b e a  critica l 
factor .  Apparentl y o n th e occasion s 
tha t  childre n di d construc t  a n item , 
th e strategie s the y adopte d wer e 
simila r  t o thos e employe d b y th e 
adul t  builders . 

Thi s inter-relationshi p i s marke d b y 
a clea r  progressio n i n th e transitio n 
fro m on e t o th e other .  I n additio n t o 
consisten t  individua l  difference s i n 
th e us e o f  thes e strategies ,  thei r 
us e i s relate d t o ag e an d th e 
availabilit y  o f  positiv e instance s i n 
th e environment .  We propos e tha t  an y 
futur e stud y o f  rul e discover y shoul d 
provid e subject s wit h th e abilit y  t o 
us e bot h th e receptio n an d th e 
generatio n modes ,  an d t o freel y 
switc h betwee n them .  Suc h a  paradigm , 
and th e stud y o f  variable s whic h 
affec t  transition s betwee n mode s o f 
inquiry ,  woul d greatl y enhanc e th e 
futur e stud y o f  rul e discover y 
behavior . 

Individua l  Difference s 

For a final analysis, we analyzed the 
profile s o f  subjects '  behavio r  i n 
searc h o f  consisten t  individua l 
difference s i n th e proces s o f 
inquiry .  I n vie w o f  th e stron g effec t 
of  age ,  w e carrie d ou t  th e analyse s 
separatel y i n eac h ag e group . 

For  th e adults ,  th e facto r 
analysi s reveale d tw o mai n factor s 
whic h include d 2 2 o f  th e 2 7 subject s 
(1 0 subject s i n Facto r  I ,  1 2 i n 
Facto r  I I) .  Adul t  Facto r  I  subject s 
experimente d earlie r  a s wel l  a s mor e 
frequentl y tha n di d thei r  Adul t 
Facto r  I I  counterparts .  I n contrast . 
Adul t  Facto r  I I  subject s wer e 
characterize d b y a  mor e frecpien t  us e 
of  th e receptio n mod e o f  inquiry . 
Facto r  I  subject s wer e als o faste r  t o 
solv e th e proble m (14. 7 trial s pe r 
proble m vs .  18. 8 fo r  th e others) . 

Among th e 8t h grader s ther e wa s 
one prominen t  facto r  includin g 1 7 o f 
th e 2 7 children .  Thes e childre n wer e 
quit e simila r  t o Facto r  I I  adults , 
exhibitin g stron g preferenc e fo r  th e 
receptio n rathe r  tha n th e generatio n 
mode o f  inquiry .  Tw o additiona l  type s 
of  behavio r  wer e observe d amongs t  th e 
children ,  consistin g o f  4  an d 5 
subjects ,  respectively .  Bot h type s 
wer e characterize d b y a  tendenc y t o 
follo w a  correc t  respons e wit h th e 
initiatio n o f  th e Exi t  Sec[uence .  8t h 
grader s include d i n Facto r  II I  solve d 
thei r  problem s i n fewe r  step s tha n 
di d th e 8t h grader s i n Factor s I  o r 
II . 

I n summary ,  ou r  result s 
demonstrat e a  comple x bu t  coheren t 
inter-relationshi p betwee n th e 
receptio n an d generatio n paradigms . 
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