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Abstrac t 
Thi s pape r  present s a  conceptua l  framewor k tha t 

integrate s studie s o n scientifi c  reasonin g tha t 

hav e bee n conducte d wit h differen t  ag e subject s 

an d acros s differen t  experimenta l  tasl<s . 

Traditionally ,  differen t  aspect s o f  scientifi c 

reasonin g hav e bee n emphasize d i n studie s wit h 

differen t  age d subjects ,  an d th e differen t 

literature s ar e s o m e w h a t  unconnected . 

However ,  thi s separatio n lead s t o a  disjointe d 

vie w o f  th e developmen t  o f  scientifi c  reasoning , 

and i t  leave s unexplaine d certai n adul t  behavior s 

i n ver y difficul t  scientifi c  reasonin g contexts .  I n 

thi s pape r  w e attemp t  t o integrat e thes e thre e 

approache s int o a  singl e framewor k tha t 

describe s th e proces s o f  scientifi c  reasonin g a s a 

searc h i n a n hypothesi s spac e an d a n experimen t 

space .  W e wil l  presen t  th e result s fro m a 

variet y o f  studie s conducte d wit h preschool , 

elementar y school ,  an d adul t  subjects ,  an d wil l 

sho w ho w difference s i n performanc e ca n b e 

viewe d a s difference s i n th e knowledg e an d 

strategie s use d t o searc h th e tw o spaces . 

Finally ,  w e wil l  presen t  evidenc e showin g that , 

i n sufficientl y challengin g situations ,  adult s 

exhibi t  deficit s o f  th e sam e sor t  tha t  youn g 

childre n exhibit ,  eve n thoug h on e migh t  hav e 

expecte d tha t  thes e developmenta l  milestone s 

were lon g sinc e passed . 

Experimenta l  studie s o f  th e developmen t  o f 

scientifi c  reasonin g skill s  hav e produce d thre e 

distinc t  an d somewha t  disjoin t  literatures . 

Studie s focusin g o n wha t  Klayma n an d H a (1987 ) 

cal l  "positiv e tes t  bias "  (th e tendenc y t o see k 

Addres s correspondenc e t o Ann e L .  Fa y Deparlmen i  o f 
Psychology ,  Carnegie-Mello n University ,  Pittsburgh ,  P A 
15213,  USA.  E-mai l  address :  fay@psy.cmu.edu .  Th e firs t 
autho r  wa s supporte d b y a  Post-doctora l  Fellowshi p fro m th e 
James S.  McDonnel l  Foundatio n Progra m i n Cognitiv e Studie s 
lo r  Educationa l  Practice .  Th e secon d autho r  wa s supporte d i n 
par t  b y th e Personne l  an d Trainin g Researc h Program , 
Psychologica l  Science s Division ,  Offic e o f  Nava l  Research , 
Contrac t  N00014-86K-0349 ,  an d i n par t  b y grant s fro m 
NICHHD (R01-HD25211-01A1 )  an d th e A.W.  Mello n Foundation . 
The thir d autho r  wa s supporte d i n par t  b y a  gran t  fro m th e 
Natura l  Science s an d Engineerin g Researc h Counci l  o f  Canada , 
gran t  number  OGP0037356 

instance s tha t  ar e expecte d t o confir m one' s 

curren t  hypothesis )  hav e concentrate d o n adul t 

performance ;  studie s o n subjects '  fault y 

strategie s fo r  th e "coordinatio n o f  theor y an d 

evidence "  (Kuhn ,  1989 )  hav e bee n conducte d 

primaril y wit h adolescents ;  an d studie s examinin g 

th e understandin g o f  necessit y an d possibilit y 

hav e bee n conducte d wit h preschoolers .  Rarel y 

i s on e o f  thes e phenomen a studie d i n a  differen t 

age grou p (i.e. ,  w e kno w o f  n o studie s focusin g o n 

adults '  understandin g o f  th e logi c o f 

indeterminacy ,  no r  an y o f  preschoolers '  positiv e 

tes t  bias. ) 

One possible justification for the different foci is 

tha t  ther e migh t  b e a  sequenc e o f  developmenta l 

milestone s i n th e acquisitio n o f  a  complet e se t  o f 

scientifi c  reasonin g skills .  I f  so ,  the n i t  woul d b e 

pruden t  fo r  investigator s intereste d i n differen t 

ag e level s t o addres s th e mos t  obviou s 

inadequacie s o f  thei r  subjects .  However ,  thi s 

separatio n lead s t o a  disjointe d vie w o f  th e 

developmen t  o f  scientifi c  reasoning ,  an d i t  leave s 

unexplaine d certai n adul t  behavior s i n ver y 

difficul t  scientifi c  reasonin g contexts .  I n thi s 

pape r  w e attemp t  t o integrat e thes e thre e 

approache s int o a  singl e framewor k tha t  describe s 

th e proces s o f  scientifi c  reasonin g a s a  searc h i n 

an hypothesi s spac e an d a n experimen t  space .  W e 

wil l  presen t  th e result s fro m a  variet y o f  studie s 

conducte d wit h preschool ,  elementar y school ,  an d 

adul t  subjects ,  an d wil l  sho w ho w difference s i n 

performanc e ca n b e viewe d a s difference s i n th e 

knowledg e an d strategie s use d t o searc h th e tw o 

spaces .  Finally ,  w e wil l  presen t  evidenc e 

showin g that ,  i n sufficientl y challengin g 

situations ,  adult s exhibi t  deficit s o f  th e sam e 

sor t  tha t  youn g childre n exhibit ,  eve n thoug h on e 

migh t  hav e expecte d tha t  thes e developmenta l 

milestone s wer e lon g sinc e passed . 

Components of Scientific Reasoning 

Klah r  &  Dunba r  (1988 )  hav e conceptualize d th e 

proces s o f  scientifi c  reasonin g a s a  dua l  searc h 

i n a n experimen t  spac e an d a n hypothesi s space . 

Figur e 1  depict s th e tw o space s an d th e logica l 

relation s betwee n them .  Th e uppe r  bo x i s th e 

hypothesi s space ,  whic h consist s o f  specifi c 

hypothese s relate d t o th e domain .  Th e lowe r  bo x 

i s th e experimen t  space .  Withi n thi s spac e ar e th e 

experiment s tha t  ca n b e conducte d i n th e domain . 

The arrow s connectin g th e boxe s i n th e tw o 

space s specif y ho w th e experimenta l  outcome s 

bea r  o n th e hypotheses .  Th e heav y arro w 

betwee n Hypothesi s A  an d Experimen t  1  indicate s 

tha t  onl y Hypothesi s A  i s consisten t  wit h th e 

outcom e o f  Experimen t  1 .  Thi s reflect s a 
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Determinat e relation .  Th e ligh t  arrow s betwee n 

Hypothesi s A  an d Experimen t  2  an d betwee n 

Hypothesi s B  an d Experimen t  2  indicat e tha t  bot h 

Hypothesi s A  an d Hypothesi s B  ar e consisten t 

wit h th e outcom e o f  Experimen t  2 .  Thi s reflect s 

an Indeterminat e relation ,  whereb y th e outcom e 

of  Experimen t  2  canno t  discriminat e betwee n 

Hypothesi s A  an d Hypothesi s B .  Th e absenc e o f 

arrow s betwee n Hypothesi s B  an d Experimen t  1 , 

Hypothesi s B  an d Experimen t  3 ,  an d Hypothesi s A 

and Experimen t  3 ,  indicate s tha t  thes e hypothese s 

ar e inconsisten t  wit h eac h o f  thes e outcomes , 

reflectin g a n Impossibl e relation . 

The goal of scientific discovery is to generate 

experiment s an d hypothese s tha t  wil l  eventuall y 

resul t  i n a  relatio n o f  determinacy ,  whereb y onl y 

one hypothesi s remain s consisten t  wit h al l  th e 

experimenta l  outcomes. '  Thus ,  th e component s o f 

scientifi c  reasonin g consis t  of :  1 )  Identificatio n 

and understandin g o f  th e relation s betwee n 

experiment s an d hypothese s (i.e. ,  understandin g 

th e logi c o f  necessit y an d possibility) ;  2 ) 

Generatio n o f  informativ e experiments,(i.e , 

generatin g experiment s tha t  furthe r  specif y th e 

relation s betwee n th e tw o space s s o a s t o prun e 

th e searc h i n th e spac e o f  hypotheses) ;  3 ) 

Hypothesi s generatio n an d revisio n (i.e. , 

generatio n o f  hypothese s fro m eithe r  analog y o r 

vi a inductio n fro m experimenta l  outcomes. ) 

Hyootheai s Spac e 

Hypothati t  A 

1 Enparli n 

\ 

Htfpothad *  B 

/ 

\  y 

Experimen t  Spac e 

Figur e 1 .  Schemati c representatio n o f  th e tw o spece s 
end th e reletion s betwee n them .  Heev y erro w 
Indicete s e  determinan t  relatio n betwee n 
experimenta l  outcom e an d hypothesis .  Ligh t  arrow s 
indicat e e n Indeterminat e relatio n en d n o lin e 
indicate s e n Impossibl e reletions . 

These three general abilities are fundamental to 

In real-world situations, one never has a determinate 
relation ,  a s ther e ar e a n inlinit e numbe r  o f  possibl e 
hypotheses ,  an d ther e i s alway s t e possibilit y  tha t  ne w 
evidenc e wil l  disconfir m th e curren t  hypothesis .  Nonetheless , 
th e goa l  o f  scienc e ca n b e see n a s th e eliminatio n o f  al l 
curren t  competin g hypothese s unti l  onl y on e remain s 
consisten t  wit h th e existin g evidence . 

th e proces s o f  scientifi c  reasoning ,  an d thei r 

deficit s ar e characteristicall y associate d wit h 

specifi c  ag e groups .  Adult s recogniz e an d 

understan d th e implication s o f  indeterminacy ,  an d 

hav e heuristic s fo r  designin g informativ e 

experiments ,  bu t  ar e notoriousl y biase d towar d 

confirmatio n i n rul e discover y task s (Gorma n & 

Gorman,  1984 ;  Gorman ,  Staffor d &  Gorman , 

1987 ;  Wason ,  1960 .  1968). '  Adolescents ,  lik e 

adults ,  understan d th e notio n o f  indeterminacy , 

but  i n additio n t o thei r  bia s towar d confirmation , 

the y lac k th e strategie s an d knowledg e fo r 

designin g informativ e experiments .  Preschoo l 

childre n demonstrat e al l  thes e deficits ,  bu t  als o 

sho w a  failur e t o recogniz e and/o r  understan d th e 

th e implication s o f  determinat e v s indeterminat e 

situations .  Thus ,  acquisitio n o f  thes e thre e 

abilitie s migh t  b e viewe d a s milestone s i n th e 

developmen t  o f  scientifi c  reasonin g skills . 

However ,  th e pictur e i s no t  tha t  straightforward , 

as w e shal l  argu e below .  First ,  however ,  w e wil l 

furthe r  elaborat e eac h o f  th e thre e component s 

enumerate d above . 

Identifying the relation between 

experiment s an d hypothese s 

O ne o f  th e basi c component s o f  scientifi c 

reasonin g i s th e abilit y  t o recogniz e an d 

understan d th e implication s o f  confirming ,  an d 

disconfirmin g evidence .  Understandin g th e 

implication s o f  thes e condition s i s base d o n th e 

distinctio n betwee n determinat e an d indeterminat e 

outcomes .  I n Indeterminat e situations ,  th e 

evidenc e i s insufficien t  t o discriminat e on e 

hypothesi s fro m another .  Unti l  thi s concep t  i s 

available ,  th e proces s o f  scientifi c  discover y wil l 

be severel y flawed .  Failin g t o recogniz e a 

situatio n a s indeterminat e wil l  resul t  i n 

prematur e terminatio n o f  th e generate -

experimen t  proces s becaus e a  confirmin g instanc e 

wil l  b e erroneousl y identifie d a s sufficien t  t o 

accep t  a  theory . 

Research with preschool children has shown they 

lac k th e concep t  o f  indeterminacy .  I n term s o f 

Figur e 1 ,  the y fai l  t o realiz e th e relatio n betwee n 

Experimen t  2  an d th e Hypothesi s space .  I n a 

stud y extendin g Pieraut-L e Bonnie' s (1980 ) 

investigation s o f  childrens '  understandin g o f 

possibilit y  an d necessity ,  Fa y &  Klah r  (1990) , 

presente d kindergarte n childre n wit h tw o boxe s o f 

buildin g materials ,  an d a  serie s o f  objects ,  on e a t 

a time ,  mad e fro m material s take n entirel y fro m 

one bo x o r  th e other .  Fo r  example .  Bo x A  migh t 

contai n stick s an d curve s an d Bo x B  migh t  hav e 

stick s an d squares .  A  prob e objec t  comprise d o f 

- But  se e Farri s &  Revli n (1989 )  to r  a  nove l  reinterpretation . 
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onl y stick s woul d b e indeterminat e becaus e i t 

coul d hav e bee n constructe d fro m eithe r  box .  A 

determinat e prob e objec t  woul d b e on e 

constructe d fro m stick s an d curve s (onl y Bo x A 

coul d hav e bee n use d t o m a k e it) .  Th e childre n 

wer e aske d whethe r  the y coul d tel l  whic h bo x 

was use d t o mak e th e objec t  . 

Figure 2 shows a schematic of the problem. As 

ca n b e seen ,  th e tas k ca n b e mappe d directl y ont o 

th e component s show n i n Figur e 1 ,  wit h th e boxe s 

representin g hypothese s an d th e prob e object s 

representin g experiments .  Thu s i n thi s contex t 

th e chil d i s presente d wit h a  finit e hypothesi s 

spac e (e.g .  bo x wit h stick s an d curve s vs .  bo x 

wit h stick s an d squares )  an d a n experimenta l 

outcom e (stic k &  curv e objec t  vs .  stick-onl y 

object )  bu t  mus t  determin e th e relation s tha t 

exis t  be twee n the m (stic k &  curv e objec t  i s 

determinat e vs .  sticks-onl y i s indeterminate) . 

Al l  th e childre n correctl y identifie d th e 

determinat e situation ,  bu t  onl y 5 3 % consistentl y 

identifie d th e indeterminat e situation .  Thos e w h o 

faile d t o recogniz e th e indeterminat e situatio n 

misidentifie d i t  a s determinate ,  claimin g tha t 

the y coul d tel l  fo r  sur e whic h bo x ha d bee n use d 

t o construc t  th e indeterminat e prob e object . 

Hypothca U Spic c 

Ott)>C t 
MICkiMriC 

ni«c t  2 

Em>Tlni«n t  Sd«c « 

Figur e 2 .  Expar iman ta l  setu p fo r  th e Posslbllty -
Necessit y study .  Heav y errow s Indicat e a  determinat e 
relatio n an d light s ar row s Indicat e a n Indeterminat e 
relations . 

This failure can be explained, in part, by a lack of 

unders tand in g o f  th e c o n c e p t  o f  logica l  necessity . 

Evidenc e fo r  thi s interpretatio n c o m e s fro m 

children' s justification s fo r  thei r  response s o n 

determinat e problems ,  whic h wer e code d a s bein g 

base d o n eithe r  positiv e o r  negativ e reasoning . 

Childre n wer e score d a s usin g positiv e reasonin g 

i f  thei r  justificatio n w a s b a s e d o n th e 

confirmator y relatio n betwee n th e determinat e 

box an d th e objec t  (e.g .  "yo u use d thi s bo x 

becaus e i t  ha s sticks") .  The y wer e score d a s 

usin g negativ e reasonin g i f  thei r  justificatio n 

referre d t o th e necessit y o f  disconfirmatio n o f 

th e othe r  respons e (e.g."yo u ha d t o us e thi s bo x 

becaus e th e othe r  bo x doesn' t  hav e an y curves') . 

Negativ e reasonin g implie s a n understandin g o f 

logica l  necessity .  Tha t  is ,  i t  suggest s tha t  th e 

chil d recognize s th e insufficienc y o f  confirmatio n 

alon e an d therefor e sea rche s th e entir e 

hypothesi s s p a c e t o determin e th e othe r 

experiment-hypothesi s relationships .  Tabl e 1 

show s th e relatio n betwee n th e typ e o f  reasonin g 

use d o n th e determinat e p rob lem s an d 

performanc e o n th e indeterminat e problems .  Th e 

result s sugges t  tha t  th e tendenc y t o us e negativ e 

reasonin g i s relate d t o th e recognitio n o f 

indeterminat e situations . 

TABLE 1: Children who use negative reasoning on 
determinat e problem s er e mor e likel y t o b e correc t 
on Indetermlnet e problems . 

PERFORMANCE ON INDETERMINATE PROBLEMS 
(cel l  entrie s ar e numbe r  o f  responses ) 

REASONING 
ON DETERMINATE 
PROBLEMS 
Positiv e Reasonin g 
Negativ e Reasonin g 
(Chi  Square=5.19 ,  p<.025 ) 

Incorrec t  Correc t 
22 2 0 
6 1 9 

Y o u n g childre n demons t ra t e a  lac k o f 

understandin g o f  logica l  necessity ,  a  prerequisit e 

of  scientifi c  reasoning .  Failin g t o recogniz e a n 

indeterminat e situation ,  o r  t o understan d it s 

implication ,  wil l  resul t  i n a  prematur e terminatio n 

of  th e searc h base d o n findin g a  confirmator y 

relatio n betwee n dat a an d theory . 

Generating Informative Experiments 

Th e abilit y  t o recogniz e th e relation s betwee n 

hypothese s an d experiment s ca n b e see n a s a 

prerequisit e fo r  th e skil l  o f  generat in g 

informativ e e x p e r i m e n t s .  Informativ e 

experiment s ar e designe d fo r  th e purpos e o f 

prunin g th e hypothesi s tree ,  tha t  is ,  eliminatin g 

impossibl e hypotheses ,  an d reducin g th e se t  o f 

consisten t  hypotheses .  I n thi s situation ,  th e 

subjec t  i s  provide d wit h a n hypothesis ,  o r  enter s 

wit h a  prio r  hypothesis ,  an d mus t  generat e 

experiment s whic h wil l  lea d t o th e confirmatio n 

or  disconfirmatio n o f  th e hypothesis .  I n referenc e 

t o Figur e 1 ,  th e subjec t  i s  provide d wit h a n 

hypothesi s (e.g .  Hypothesi s  B) ,  an d th e tas k i s t o 

generat e experiment s tha t  wil l  eithe r  disconfir m 

th e hypothesi s (e.g .  E 3 ) ,  o r  wil l  discriminat e 

betwee n existin g confirmin g hypothese s (e.g . 

Experimen t  1) .  Subject s wan t  t o avoi d writin g 

experiment s tha t  fai l  t o discriminat e betwee n 

existin g hypothese s (e.g .  Experimen t  2) ,  o r  a t  th e 

least ,  recogniz e the m a s bein g undiscriminating . 

Thus ,  thi s abilit y  i s  dependen t  upo n th e abilit y  t o 

recogniz e an d understan d th e relation s betwee n 
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experiment s an d hypotheses .  I n addition ,  i t 

involve s a n understandin g o f  th e goa l  o f 

experimen t  generatio n (reducin g th e hypothesi s 

tree) ,  an d th e skill s  fo r  constructin g experiment s 

tha t  wil l  serv e thes e goals . 

In a series of experiments with children (8 to 13 

year s old) ,  an d adults ,  w e examine d subjects ' 

abilit y  t o generat e informativ e experiment s 

(Klahr ,  Dunba r  &  Fay ,  1990 ;  Klahr ,  Fa y &  Dunba r 

1990) .  Subject s wer e traine d t o operat e a 

simpl e programmabl e devic e b y enterin g 

c o m m a n ds (fo r  movin g forward ,  backward , 

turnin g righ t  an d left ,  an d firin g it s cannon )  an d 

the n pressin g a  G O ke y t o execut e th e program . 

Thi s woul d mov e a n ico n o n a  workstatio n scree n 

accordin g t o th e progra m th e subjec t  ha d 

entered. '  Onc e traine d t o criterion ,  the y wer e 

the n aske d t o discove r  ho w a n additiona l  function , 

th e R E P E A T key ,  worked .  The y wer e the n 

provide d wit h a n hypothesi s (whic h wa s alway s 

incorrect) ,  an d wer e aske d t o writ e program s t o 

fin d ou t  i f  th e hypothesi s wa s correc t  or ,  i f  i t 

wasn't ,  t o fin d ou t  ho w REPEAT worked . 

The design of the study (See Table 2) crossed the 

plausibilit y  o f  th e give n an d actua l  hypotheses . 

Thus ,  subject s coul d b e give n eithe r  a  highl y 

plausibl e o r  highl y implausibl e hypothese s fo r  ho w 

R E P E AT worked ,  an d th e devic e wa s actuall y 

p rogramme d t o interpre t  R E P E A T i n s o m e 

different ,  bu t  eithe r  plausibl e o r  implausible , 

way.  Subject s wer e give n on e o f  th e rule s an d 

th e devic e actuall y worke d accordin g t o a 

differen t  rule .  Thi s effec t  o f  thes e given-actua l 

hypothese s condition s wil l  b e expande d o n i n th e 

followin g section . 

Table 2: Design of "negative feedback" 

stud y 

Actual 

Plav?i'?l 9 implausibl e 
Give n 

Plausibl e Theor y Theor y 

refinemen t  replacemen t 

Implausible Theory Theory 

replacemen t  refinemen t 

Overall, children performed poorly in discovering 

th e correc t  rule .  Onl y one-thir d o f  th e younge r 

children ,  an d hal f  o f  th e olde r  childre n discovere d 

th e rule ,  compare d t o 8 3 % o f  th e adults . 

Thi s "microworld "  wa s a  simulate d versio n o l  th e BigTrak ,  a 
programmabl e robo t  to y tha t  move d arouri d o n th e ground , 
originall y use d b y Shrage r  &  Klahr ,  1986 . 

One contributin g facto r  t o thi s tren d i s th e degre e 

of  informativenes s o f  th e program s tha t  th e 

subject s wrote .  First ,  childre n appea r  t o diffe r 

fro m adult s i n term s o f  thei r  awarenes s o f  th e 

goal s o f  experimentation .  Wherea s 8 3 % o f  th e 

adult s mad e statement s referrin g t o experimenta l 

desig n goals ,  onl y 2 0 % o f  th e younge r  childre n 

an d 4 7 % o f  th e olde r  childre n m a d e suc h 

comments .  Th e qualit y o f  thes e statement s als o 

differed .  Th e adult s state d experimen t  goal s i n 

term s o f  increasin g th e observabilit y  an d 

informativeness .  Th e younges t  children ,  o n th e 

othe r  hand ,  primaril y m a d e outpu t  goa l 

statement s (e.g .  mov e i t  i n a  square )  an d som e 

observabilit y  goal s (e.g .  us e N= 1 otherwis e it' s 

to o confusing) .  Th e olde r  childre n focuse d o n 

observabilit y  goal s (e.g .  shorte n programs ,  us e 

easil y trace d commands) . 

The above data is based on verbal reports, and as 

suc h th e tendenc y t o verbaliz e ma y b e differen t 

fo r  th e differen t  ag e groups .  A  secon d analysi s 

examine d th e type s o f  program s tha t  wer e 

written .  Th e experimenta l  spac e fo r  thi s proble m 

ca n b e viewe d alon g tw o dimensions ,  on e 

dimensio n bein g th e numbe r  o f  command s i n th e 

progra m (lambda )  an d th e othe r  bein g th e 

magnitud e o f  th e argumen t  fo r  REPEAT (N) .  Th e 

idea l  experimen t  i s on e whic h maximize s th e 

informativenes s o f  th e outcom e whil e minimizin g 

th e complexit y (i.e .  maximizin g observabilit y  o r 

interpretabilit y  o f  outcome) ,  i n th e curren t 

setting ,  thi s m e a n s writin g minimu m lengt h 

program s tha t  ca n discriminat e th e effec t  o f  th e 

R E P E AT function .  B y thi s criterion ,  th e "best " 

progra m ha s a  lengt h (lambda )  o f  3  an d a  REPEAT 

argumen t  valu e (N )  o f  2 .  Th e thre e ag e group s 

differe d i n thei r  tendenc y t o writ e program s wit h 

thes e properties .  Compare d t o a  rando m model , 

th e childre n wer e 1. 5 time s les s likel y t o 

generat e th e idea l  experimen t  wherea s th e adult s 

wer e 5  time s mor e likel y t o ru n suc h a n 

experiment .  I n addition ,  adult s wer e muc h mor e 

systemati c i n th e wa y tha t  the y move d i n th e 

experimen t  space .  Thei r  experiment s ha d mor e o f 

th e flavo r  o f  a  carefu l  experimenta l  serie s tha n 

di d th e children's . 

In summary, children appear to lack the 

knowledg e require d t o generat e informativ e 

experiments .  Par t  o f  thi s defici t  involve s a 

failur e t o understan d th e goal s o f 

experimentation .  Wherea s adults '  goal s wer e 

directe d towar d informativenes s an d 

observability ,  children' s goal s wer e directe d 

towar d producin g a  desire d effect ,  and ,  fo r  th e 

olde r  children ,  observability .  However ,  eve n 
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thoug h th e olde r  childre n recognize d th e 

importanc e o f  observability ,  the y w e r e no t 

overl y successfu l  a t  designin g interpretabl e 

experiments . 

F r a m e hypothese s i n spit e o f  disconfirmin g 

evidence .  T h u s th e children' s searc h o f  th e 

hypothesi s spac e w a s constraine d t o Counte r 

hypotheses . 

Generat in g a n d revisin g h y p o t h e s e s 

The final component of scientific reasoning is the 

abilit y  t o generat e an d revis e hypothese s i n 

respons e t o experimenta l  outcomes .  Combine d 

wit h th e othe r  abilities ,  thi s situatio n ca n b e 

depicte d i n Figur e 1  b y havin g n o boxe s specifie d 

or  presen t  i n eithe r  th e exper imenta l  o r 

hypothesi s space .  Thu s al l  th e component s o f  th e 

tas k mus t  b e generate d b y th e subject ,  i n serie s 

of  studie s usin g th e physica l  BigTra k device , 

adult s an d thir d t o sixt h grad e student s wer e 

traine d o n al l  th e function s o f  th e devic e excep t 

th e R E P E A T an d w e r e the n aske d t o writ e 

program s t o figur e ou t  h o w R E P E A T worke d 

(Klah r  &  Dunbar ,  1988 ;  Dunba r  &  Klahr ,  1988) . 

Ther e ar e tw o mai n difference s i n thes e studie s 

as compare d t o th e studie s mentione d i n th e 

previou s section :  First ,  i n thes e studie s subject s 

wer e no t  give n an y hypothesis ,  an d ha d t o 

generat e thei r  o w n hypothese s fro m th e start , 

and second ,  ther e w a s onl y on e rul e fo r  R E P E A T, 

i t  c a u s e d th e devic e t o repea t  th e las t  N 

instruction s once ,  wher e N  refer s t o th e argumen t 

fo r  R E P E A T.  Ther e wa s a  stron g ag e effect :  1 9 o f 

th e 2 0 adults ,  bu t  onl y 2  o f  th e 2 2 childre n 

successfull y discovere d th e correc t  rule ,  althoug h 

ove r  hal f  o f  th e childre n believe d tha t  the y ha d 

correctl y identifie d it .  Par t  o f  th e failur e ca n b e 

attribute d t o th e non-informativ e program s tha t 

th e childre n wrote .  However ,  bot h th e adult s an d 

th e childre n ha d th e s a m e proportio n o f 

experiment s fro m th e mos t  informativ e regio n o f 

th e experimen t  space ,  wher e lambd a >  N  an d N  > 

1.  Base d o n th e ou tcome s fro m experiment s 

conducte d i n thi s regio n adult s wer e abl e t o induc e 

th e correc t  hypothesi s bu t  th e childre n wer e not . 

The hypotheses that were generated by the 

subject s i n thi s stud y ca n b e classifie d int o tw o 

frame s base d o n th e functio n o f  N .  O n e frame , 

Counter-Frame ,  assigne d a  rol e t o N  wher e th e 

number  indicate d ho w man y time s somethin g go t 

repeated .  T h e othe r  frame ,  Selector-Frame , 

assigne d a  rol e t o N  wher e th e numbe r  indicate d 
whic h instruction s go t  repeated .  Childre n an d 

adult s demonstrate d a n initia l  preferenc e fo r  th e 
Counter-Fram e hypotheses ,  (whic h i s incorrec t  i n 

thi s study) .  But ,  wherea s adult s wer e abl e t o 

a b a n d o n thi s hypothesi s f ram e i n ligh t  o f 
disconfirmin g evidenc e an d generat e th e Selector -

Frame ,  th e childre n tende d t o maintai n Counter -

Furthe r  evidenc e fo r  thi s c o m e s fro m th e negativ e 

feedbac k studie s describe d earlier ,  i n whic h 

subject s wer e give n a n initia l  hypothesi s tha t 

coul d b e eithe r  fro m th e s a m e fram e a s th e 

actua l  hypothesi s o r  fro m th e othe r  fram e a s th e 

actua l  hypothesi s .  Figur e 3  show s th e effec t  fo r 

Given-Actua l  Hypothesi s conditions .  Th e childre n 

wer e successfu l  w h e n th e devic e worke d a s a 

(plausible )  Counter ,  bu t  faile d t o ge t  th e correc t 

rul e whe n i t  worke d a s a  (implausible )  Selector . 

•  PLAUSIBL E - > PLAUSIBL E 
H PLAUSIBL E - > IMPLAUSIBL E 
•  IMPLAUSIBL E - > PLAUSIBL E 
D IMPLAUSIBL E - > IMPLAUSIBL E 

I.O n 

0J8 

0.6 

0.4 

0.2 

0.0 
Grad e 3 Grad e 6 Adult s 

Figur e 3 .  Proportio n o f  subject s discoverin g correc t 
rul e w h e n give n a  Plausibl e (counter )  o r  implausibl e 
(selector )  hypothesi s an d actua l  rul e w a s Plausibl e 
(counter )  o r  Implausibl e (Selector) . 

Prior to running any programs, children and 

adult s differe d i n term s o f  ther e willingnes s t o 

entertai n a  Selecto r  hypothesis .  Tabl e 3  show s 

th e proportio n o f  subject s i n eac h ag e grou p tha t 

initiall y  accepte d th e Give n hypothesi s o r  on e 

fro m th e s a m e fram e a s th e Given .  Th e children , 

especiall y th e younge r  ones ,  fin d th e Selecto r 

hypothesi s ver y implausible .  Î or e tha n hal f  o f  th e 

childre n w h o rejecte d th e Selecto r  propose d a 

Counte r  hypothesi s instead .  Adults ,  o n th e othe r 

hand ,  demonstrate d s o m e skepticis m ove r  thei r 

Give n Selecto r  hypothesis ,  bu t  rathe r  tha n rejec t 

it ,  the y propose d othe r  hypothese s i n additio n t o 

it ,  an d thes e alternativ e hypothese s wer e mos t 

likel y t o b e Counters . 

Table 3. Proportion of subjects accepting Given Frame 
prio r  t o runnin g firs t  experiment . 

Give n Fram e 

Group 

3rd Grade 
6t h Grad e 
Adult s 

Counte r 

1.00 
.8 9 

1.0 0 

Selecto r 

.12 
.6 3 

1.0 0 
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Children' s strategie s an d goal s fo r  searchin g th e 

hypothesi s spac e appea r  t o b e differen t  fro m 

adults .  Children' s prio r  hypothese s constrai n 

thei r  searc h o f  th e hypothesi s spac e t o thos e 

area s the y conside r  plausible ,  i n thi s case , 

counte r  hypotheses .  Althoug h adult s als o hav e 

prio r  hypotheses ,  thei r  searc h o f  th e hypothesi s 

spac e i s no t  s o constrained ,  an d the y wil l 

entertai n th e possibilit y  o f  implausibl e 

hypotheses .  Thu s adult s wil l  abando n a  mor e 

plausibl e hypothesi s fram e give n disconfirmin g 

evidence ,  an d searc h th e spac e fo r  a  new ,  les s 

plausibl e frame ,  childre n continu e t o searc h 

withi n th e plausibl e fram e fo r  particula r 

hypothese s tha t  wil l  explai n th e experimenta l 

outcomes . 

Milestones or fragile acquisitions? 

Given the characteristic deficits associated with 

eac h ag e range ,  an d give n th e logica l  necessit y fo r 

eac h o f  th e thre e skill s  t o b e i n plac e befor e th e 

nex t  on e ca n b e reliabl y assessed ,  i t  i s  temptin g 

t o vie w thi s a s a  sequenc e o f  developmenta l 

milestones ,  i n whic h a  skill ,  onc e acquired ,  ca n b e 

reliabl y invoke d i n a  wid e rang e o f  situation s an d 

ca n provid e th e basi s fo r  th e subsequen t 

acquisition ,  l-iowever ,  i n othe r  carefu l  analysi s 

of  children' s strateg y acquisitio n (e.g ,  Siegle r  an d 

Jenkins ,  1989) ,  i t  ha s bee n show n tha t  th e stor y 

i s no t  s o simple .  A  ne w strateg y o r  skil l  ma y 

appea r  fo r  a  while ,  an d the n disappea r  fo r  a 

protracte d period .  O r  a  strateg y tha t  seeme d 

quit e robust ,  may ,  i n context s o f  sufficien t 

complexity ,  b e abandoned ,  a s subject s rever t  t o 

simpler ,  an d inadequate ,  strategies .  I n th e 

domai n o f  scientifi c  reasoning ,  w e hav e foun d jus t 

thi s situation .  Dunba r  (1989 )  foun d tha t  stron g 

prio r  belief s abou t  hypothese s ca n overl y 

constrai n searc h o f  th e hypothesi s space ,  an d 

produc e behavio r  tha t  ,  a t  it s  core ,  reveal s a 

severel y limite d abilit y  t o discriminat e 

determinat e fro m indeterminat e outcomes . 

Adult subjects were given training in a simulated 

molecula r  genetic s laborator y an d wer e show n 

ho w t o g o abou t  discoverin g ho w certai n gene s 

contro l  th e enzym e productio n o f  othe r  gene s b y 

switchin g the m o n whe n a  nutrien t  i s  present . 

Thi s mechanis m wa s activation .  Subject s wer e 

show n th e differen t  variable s tha t  coul d b e 

manipulate d (e.g .  amoun t  o f  nutrien t  present , 

geneti c mutations) ,  an d ho w the y coul d us e thi s 

informati n t o ru n experiment s an d induc e th e 

contro l  mechanism .  Subject s wer e the n give n a 

ne w se t  o f  gene s an d wer e aske d t o discove r  ho w 

th e enzym e producin g gene s wer e controlled . 

IHowever ,  th e mechan is m i n thi s se t  wa s 

inhibition :  controlle r  gene s tur n othe r  gene s of f 

unti l  a  nutrien t  i s  present .  Thi s ca n b e compare d 

t o th e Given-Plausible ,  Actual-implausibl e 

hypothesi s conditio n i n th e simulate d BigTra k 

studies ,  a s show n i n th e top-righ t  cel l  o f  Tabl e 2 . 

Onl y 2 5 % o f  th e subject s discovere d th e inhibitio n 

mechanism ,  simila r  t o th e succes s rat e o f  6t h 

grad e student s i n th e BigTra k study .  Subject s 

ofte n conducte d experiment s tha t  coul d hav e bee n 

consisten t  wit h man y hypotheses ,  bu t  interprete d 

th e result s a s confirmin g thei r  prio r  (plausible ) 

hypothesis .  Sixty-fiv e percen t  o f  th e subject s 

remaine d withi n th e Activation-fram e o f  th e 

hypothesi s space ,  despit e experimenta l  evidenc e 

tha t  disconfirme d thi s frame .  Thus ,  lik e th e 

childre n i n th e previou s study ,  thei r  prio r 

hypothesi s overl y constraine d thei r  searc h o f  th e 

hypothesi s spac e an d als o affecte d thei r  searc h o f 

th e experimen t  space . 

Conclusion 

The child-as-scientist view suggests that children 

go abou t  th e worl d gatherin g informatio n an d 

buildin g theorie s (Brewe r  &  Samarapungavan ,  i n 

press ;  Karmiloff-Smith ,  1988) .  Othe r  researcher s 

argu e tha t  althoug h childre n ma y generat e 

theorie s o f  thei r  worlds ,  th e proces s o f  theor y 

generatio n an d revisio n i s differen t  fro m tha t  o f 

adult s (Kuhn ,  1989) .  Th e vie w presente d her e i s 

tha t  childre n o f  differen t  age s hav e certai n 

characteristi c conceptua l  deficits ,  whic h limi t 

thei r  abilit y  t o engag e i n th e proces s o f  scientifi c 

reasoning .  W e hav e attempte d t o sho w ho w th e 

thre e relativel y divers e literature s o n scientifi c 

reasonin g ca n b e integrate d int o a  singl e 

framewor k tha t  view s discover y a s a  dua l  searc h 

i n a  spac e o f  hypothese s an d experiments ,  bu t  w e 

hav e cautione d agains t  a  simpl e vie w o f 

developmenta l  milestone s becaus e o f  th e tendenc y 

fo r  peopl e t o regres s t o earlie r  deficit s i n 

sufficientl y comple x situations .  Perhap s thi s 

tendenc y t o regres s account s fo r  th e substantia l 

educationa l  an d institutiona l  support s tha t  provid e 

practicin g scientist s wit h th e mean s t o maximiz e 

th e rationalit y an d effectivenes s o f  thei r  effort s 

at  scientifi c  discovery . 
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