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Developmenta l  Difference s i n Y o u n g Children' s 

Solution s o f  Logica l  vs .  Empirica l  P rob lem s 

Bradley J. Morris (binorris@andrew.cmu.edu) 
Dept .  o f  Psychology ,  Carnegi e Mello n Universit y 

500 0 Forbe s Avenue ,  Pittsburgh ,  P A 15213 ,  U S A 

Vladimir Sloutsky, (Sloutsky.l@osu.edu) 

Cente r  fo r  Cognitiv e Science ,  Th e Ohi o Stat e Universit y 

194 5 Nort h Hig h Street ,  Columbus ,  O H 43210 ,  U S A 

Abstrac t 

We examined the development of the ability to differentiate 
logicall y determinat e fro m logicall y indeterminat e 
problems .  Th e result s indicate d tha t  a )  youn g childre n ten d 
t o reduc e th e numbe r  o f  empirica l  possibilitie s vi a "cutting " 
th e secon d hal f  o f  les s informativ e propositions ,  b )  thes e 
error s d o no t  ste m fro m encodin g o r  recal l  errors ,  c )  fro m 
elementar y t o middl e school ,  childre n ten d t o increas e thei r 
understandin g o f  logica l  form ,  an d d )  thi s increas e 
correspond s t o a  decreas e i n th e rat e o f  cuts . 

There is a large body of research examining children's 

understandin g o f  empirica l  indeterminac y (Fa y &  Klahr , 

1996 ;  Pieraut-L e Bonniec ,  1980 ;  Sodian ,  Zaitchik ,  & 

Carey ,  1991) .  A  proble m i s empiricall y determinat e i f  i t 

correspond s t o exactl y on e empirica l  possibility ; 

otherwise ,  i t  i s  empiricall y indeterminat e (Pieraut-L e 

Bonniec ,  1980) .  Previou s finding s sugges t  tha t  youn g 

childre n ofte n (1 )  fai l  t o appreciat e empirica l 

indeterminacy ,  confusin g indeterminat e problem s wit h 

determinat e ones ,  bu t  no t  vic e versa ,  an d (2 )  hav e les s 

difficult y solvin g determinat e problem s tha n 

indeterminat e problem s (Bindra ,  Clarke ,  &  Schultz ,  1980 ; 

Byrne s &  Overton ,  1986 ;  Fa y &  Klahr ,  1996 ;  Pieraut-L e 

Bonniec ,  1980) .  However ,  ther e i s  anothe r  clas s o f 

problem s tha t  shoul d b e considere d i n conjunctio n wit h 

th e issu e o f  determinacy -  problem s tha t  requir e logical , 

but  no t  empirica l  solutions .  Thes e problem s ar e logicall y 

determinat e (LD )  i f  the y ar e solve d logically ,  bu t  the y ar e 

indeterminat e i f  the y ar e solve d empirically . 

Researcher s hav e demonstrate d tha t  childre n (an d 

m a ny adolescents )  d o no t  full y  understan d logica l 

determinac y (Byrne s &  Overton ,  1986 ;  M o s h m a n & 

Franks ,  1986 ;  A .  Morri s &  Sloutsky ,  1998 )  an d the y ofte n 

attemp t  t o provid e empirica l  solution s t o logicall y 

determinat e problem s (A .  Morri s &  Sloutsky ,  1998 ; 

Osherso n &  Markman ,  1975) .  I n thi s article ,  w e examin e 

th e developmen t  o f  solutio n strategie s t o som e logica l  an d 

empirica l  problem s an d possibl e cognitiv e mechanism s 

underlyin g thes e strategies . 

Information-processin g analysi s o f  solvin g logica l 

vs .  empirica l  p rob lem s 

Logically determinate problems are those that can be 

solve d a  prior i  base d o n thei r  logica l  form .  Som e L D 

problem s yiel d logicall y tru e o r  necessar y conclusions , 

wherea s other s yiel d logicall y fals e o r  impossibl e 

conclusions .  Problem s tha t  yiel d conclusion s tha t  ar e tru e 

i n some ,  bu t  no t  al l  state s o f  affair s ar e define d a s 

logicall y indeterminat e (LI) ,  o r  empirical . 

I t  ha s bee n traditiona l  sinc e th e earl y wor k o f  Newel l 

& Simo n (1972 )  t o conceptuall y mode l  proble m solvin g 

as searc h throug h a  proble m spac e fo r  a  desire d goa l  state . 

A three-stag e mode l  outline s th e creatio n o f  proble m 

space ,  searc h an d creatin g a n output .  Encodin g i s th e 

creatio n o f  proble m spac e fro m th e informatio n i n th e 

environment .  Th e mor e clearl y th e proble m spac e 

represent s salien t  element s i n th e environment ,  th e mor e 

veridica l  th e representation ,  an d th e greate r  opportunit y 

th e organis m ha s fo r  solvin g th e proble m (Newel l  & 

Simon ,  1972 ;  Newell ,  1990) .  Th e secon d phas e i s searc h 

i n whic h a  decisio n matri x i s  examine d fo r  possibl e 
outcome s an d action s o f  th e represente d problem .  T w o 

type s o f  searc h ar e utilized :  proble m search ,  i n whic h 

searc h proceed s throug h possibl e outcome s o f  state s an d 

operators ,  an d knowledg e search ,  i n whic h searc h i s 

throug h memor y (Newell ,  1990) .  Onc e a  goa l  state ,  a n 

impasse ,  o r  som e terminatin g poin t  i n searc h i s reached , 

an outpu t  i s  the n created .  Therefore ,  i t  seem s saf e t o 

assume tha t  th e mentione d reasonin g an d proble m solvin g 

error s m a y occu r  du e t o th e followin g factor s (o r  an y o f 

thei r  combinations) : 

1)  Limit s o n encoding . 

2)  Poo r  representatio n o f  proble m space . 

3)  Incomplet e searc h throug h proble m o r  memor y 

space . 

4)  Inaccurat e mappin g o f  a  proble m solutio n ont o a 

verba l  response . 

Evidenc e fro m severa l  relate d domain s suc h a s 

scientifi c  reasoning ,  logica l  reasoning ,  an d practica l 

reasonin g indicate s tha t  childre n an d adult s ofte n limi t 
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thei r  searc h i n bot h proble m spac e an d m e m o r y spac e 

(Kuh n e t  al. ,  1995 ;  Markovits ,  1988 ;  Mynatt ,  Dohetry ,  & 

Tweney ,  1977 ;  Twene y e t  al ,  1980) .  The y wer e als o 

foun d t o exhibi t  a  'positiv e capture '  strateg y failin g t o 

conside r  equall y plausibl e alternative s (Bindr a e t  al. , 

1980 ;  Fa y &  Klahr ,  1996) .  Th e tendenc y t o limi t  thei r 

searc h ha s als o bee n foun d i n studie s o f  logica l  reasonin g 

i n tha t  bot h childre n an d adult s ten d t o no t  searc h fo r 

counterexample s i n form s suc h a s conditiona l  reasonin g 

(Johnson-Laird ,  1993 ;  Markovits ,  1988 ;  W a s o n & 

Johnson-Laird ,  1972) .  I n practica l  reasonin g (whe n th e 

tas k wa s t o compar e siz e o f  foreig n cities )  peopl e ofte n 

made fas t  an d fruga l  "Take-the-Best "  inference s relyin g 

on a  smal l  numbe r  o f  th e mos t  salien t  cue s (suc h a s th e 

familiarit y o f  th e city) ,  whil e ignorin g th e res t  o f  th e cue s 

(Gigerenze r  &  Goldstein ,  1996) . 

Ther e i s als o evidenc e tha t  youn g childre n exhibi t 

difficultie s whe n solvin g problem s correspondin g t o n o 

empirica l  possibilities ,  suc h a s contradiction s (B .  Morris , 

1998 ;  Sloutsky ,  Rader ,  &  Morris ,  1998) .  I n particular , 

when presente d wit h a  contradiction ,  preschooler s 

responde d a s i f  the y ignore d (o r  "cut" )  th e secon d hal f  o f 

th e contradictio n thu s transformin g i t  int o a  statemen t 

correspondin g t o on e empirica l  possibilit y  functionin g t o 

limi t  proble m space . 

Therefore ,  i t  seem s plausibl e tha t  youn g childre n 
implicitl y  assum e tha t  proposition s correspon d t o exactl y 

one empirica l  possibility ,  thu s creatin g a  "defective "  o r 

incomplet e proble m space .  I f  thi s i s  th e case ,  the n th e 
number  o f  empirica l  possibilitie s compatibl e wit h th e 

proble m coul d predic t  th e proble m difficulty .  Th e easies t 

problem s ar e thos e tha t  correspon d t o exactl y on e 

empirica l  possibilit y  wherea s a n increas e o r  decreas e i n 
th e numbe r  o f  empirica l  possibilitie s lead s t o a n increas e 
i n proble m difficult y an d subsequentl y t o th e numbe r  o f 

error s (fo r  a  detaile d discussio n se e Sloutsky ,  Morris ,  & 
Rader ,  i n review) . 

Thre e group s o f  childre n (preschool ,  elementar y an d 

middl e school )  wer e presente d wit h reasonin g problems . 
The experimen t  focuse d o n (a )  th e abilit y  o f  childre n an d 
adolescent s t o distinguis h logica l  fro m empirica l 

problems ;  (b )  solutio n strategie s fo r  differen t  type s o f 

problems ;  (c )  pattern s o f  errors ;  (d )  th e relationshi p 
betwee n th e numbe r  o f  empirica l  possibilitie s an d th e 

proble m difficulty ;  an d (e )  accurac y o f  encodin g an d 

mappin g o f  verba l  responses .  W e deeme d i t  necessar y t o 
reduc e th e numbe r  o f  possibl e source s o f  erro r  vi a 

eliminatin g th e necessit y o f  searc h throug h knowledg e 

space .  I n s o doing ,  w e presente d participant s wit h 
knowledge-lea n problem s tha t  require d "derivin g a 
solutio n fro m givens "  rathe r  tha n requirin g m e m o r y 

search . 

Metho d 

Participant s 

38 four-an d five -  year-ol d childre n enrolle d i n thre e chil d 

car e center s (averag e ag e =  4. 3 years ;  1 6 girl s an d 2 2 

boys) ,  3 4 thir d grad e childre n i n thre e elementar y schoo l 

classroom s (averag e ag e =8. 4 years ;  1 9 girl s an d 1 5 

boys) ,  an d 3 5 sixt h grad e childre n enrolle d i n tw o middl e 

schoo l  classroom s (averag e ag e =11. 7 years ,  1 6 girl s an d 
19 boys) . 

Materials 

The tasks consisted of a series of predictions by an 

imaginar y character ,  Z Z ,  a s t o th e outcom e o f  on e o f  tw o 

separat e item s a )  a  bal l  droppe d i n th e Tautolog y Machin e 

and b )  openin g o r  no t  openin g a  book .  Th e Tautolog y 

machin e i s a  21 "  x  24 "  boar d wit h a  chut e a t  th e to p i n 
whic h a  bal l  droppe d wil l  fal l  t o on e o f  tw o terminatin g 

point s (i n thi s experimen t  labele d "Red "  an d "Green") . 

Th e "predictions "  too k th e for m o f  on e o f  fou r  logica l 

form s Tautologies ,  Contradictions ,  Disjunctions ,  an d 

Conjunctions .  Th e Tautolog y Machin e ha s a  switc h 
(occlude d fro m participants )  i n th e bac k o f  th e machin e 

tha t  move s a  leve r  t o on e o f  tw o side s directin g th e bal l  t o 

eithe r  th e re d o r  th e gree n side .  Z Z mad e eigh t  prediction s 
regardin g th e outcome s o f  th e game ,  tw o prediction s fo r 
eac h logica l  form .  Th e experimente r  presente d Z Z ,  th e 

Tautolog y Machin e tha t  ha s tw o possibl e outcomes ,  an d a 

boo k tha t  coul d b e eithe r  opene d o r  closed .  Z Z mad e 
prediction s pertainin g (1 )  onl y t o th e ball' s  landing s 
(tautologie s an d contradictions )  an d (2 )  t o th e ball' s 

landin g an d t o whethe r  th e boo k wil l  b e opene d o r  close d 
(conjunction s an d disjunctions) . 

Procedure 

In this experiment, there was one within-subject 

factor ,  th e logica l  for m o f  th e prediction .  Th e experimen t 
was conducte d i n a  singl e 10-1 5 minut e sessio n tha t 

include d tw o phases :  warm-up/instructio n phas e an d th e 

experimenta l  phase .  I n th e warm-u p phase ,  eac h chil d wa s 

rea d a  se t  o f  instruction s tha t  explaine d th e purpos e o f  th e 

g a me a s evaluatin g th e predication s o f  a n imaginar y 

characte r  name d "ZZ. "  Si x  participant s wer e eliminate d 

fro m furthe r  consideratio n becaus e the y gav e "Can' t  tell " 

response s t o al l  warm-u p questions . 
Participant s wer e aske d fiv e question s abou t  eac h 

prediction .  (1 )  A n encodin g measur e (repea t  th e 
prediction) .  (2 )  A n a  prior i  evaluation ,  o f  th e predictio n 

("True, "  "False, "  an d "Can' t  tell) .  (3 )  Reques t  fo r 
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empirica l  verificatio n ("D o w e nee d t o dro p th e ball?") . 

(4 )  A n a  posterior i  evaluatio n o f  th e predictio n (onl y i f 

empirica l  verificatio n wa s requested) .  An d (5 )  a  measur e 

of  encodin g (repea t  th e initia l  prediction) .  Th e recal l 

measur e wa s introduce d onl y wit h elementar y schoo l  an d 

middl e school . 

Resu l t s 

A prior i  evaluatio n 

A tw o wa y 3  (ag e group )  b y 4  (logica l  form )  repeate d 

measure s A N O V A wa s performe d o n th e a  prior i 

evaluation s wit h ag e a s a  between-participan t  facto r  an d 

logica l  for m a s a  repeate d measure .  Th e analysi s yielde d a 

significan t  mai n effec t  fo r  age ,  F  (2 ,  98) = 28.890 ,  i2<.001 , 

form ,  F  (2,98) = 5.3171 ,  e<.002 ,  an d th e interactio n 

betwee n ag e an d logica l  form ,  F  (2 ,  98) = 3.171 .  j2<.005 . 

Tukey' s H S D post-ho c test s indicate d tha t  fo r 

conjunction s an d tautologies ,  middl e schoo l  childre n 

m a de mor e correc t  a  prior i  evaluation s tha n bot h 

elementar y an d preschoo l  children ,  Tukey' s H S D ,  al l  ps < 

.01 .  Fo r  contradictions ,  middl e schoo l  mad e mor e correc t 

a prior i  evaluation s tha n elementar y schoo l  children , 

Tukey' s H S D ,  p < .01 .  Middl e schoo l  childre n mad e mor e 

correc t  a  prior i  evaluation s o f  disjunction s tha n preschoo l 

children ,  Tukey' s H S D ,  q < .02 .  Post-ho c test s b y for m 

indicat e tha t  conjunction s an d disjunction s wer e evaluate d 

as correc t  mor e frequentl y tha n tautologie s an d 

contradiction s mor e frequentl y tha n tautologie s ,  Tukey' s 

H S D,  E < .02 . 

Requests for Empirical Verification 

To analyze requests for empirical verification, 

participants '  response s t o particula r  problem s wer e 

collapse d int o tw o groups ,  response s t o logicall y 

determinat e problem s (i.e. ,  tautologie s an d contradictions ) 

and t o logicall y indeterminat e problem s (conjunction s an d 

disjunctions) .  Thes e collapse d response s wer e subjecte d 

t o two-wa y 3  (ag e group )  b y 2  (logica l  determinac y v . 

logica l  indeterminacy )  repeate d measure s A N O V A.  Th e 

analysi s yielde d a  mai n effec t  fo r  age ,  F  (2 ,  98) = 75.974 , 

E< .0001 ,  form .  F  (2,98 )  =  51.061 ,  p < .0001 ,  an d th e 

interactio n betwee n ag e an d logica l  forms ,  F  (2 ,  98) = 

44.545 ,  p<.0001 .  Fo r  logicall y determinat e forms ,  middl e 

schoo l  childre n requeste d significantl y les s empirica l 

verificatio n tha n elementar y an d preschoo l  children . 

Tukey' s H S D .  pi < .001 .  Fo r  logicall y indeterminat e 

forms ,  middl e schoo l  childre n requeste d mor e empirica l 

verificatio n tha n elementar y an d preschoo l  children , 

Tukey' s H S D ,  jis < 01 .  Additionally ,  elementar y schoo l 

childre n requeste d les s empirica l  verificatio n tha n 

preschoo l  children ,  Tukey' s H S D ,  j2s < .01 .  Whil e younge r 

childre n equall y frequentl y requeste d empirica l 

verification s fo r  bot h logicall y determinat e an d logicall y 

indeterminat e forms ,  olde r  childre n les s frequentl y 

requeste d empirica l  verificatio n o f  logicall y determinat e 

forms .  Within-ag e grou p difference s wer e onl y presen t  i n 

middl e schoo l  childre n o n logicall y determinat e forms , 

Tukey' s H S D ,  j2 < .001 ,  al l  other s wer e no t  significantl y 

different . 

Cuts 

As stated earlier, we hypothesized that the number of 

empirica l  possibilitie s compatibl e wit h a  propositio n wil l 

be a  predicto r  o f  accurac y o f  processing .  I t  i s  als o 

predicte d tha t  thos e childre n w h o di d no t  recogniz e 

logica l  for m shoul d exhibi t  mor e distortion s o f  dat a a s a 

functio n o f  th e predicte d informativenes s o f  eac h 

proposition .  Furthermore ,  w e expecte d thes e distortion s t o 

exhibi t  systematicity .  Th e patter n t o b e analyze d i s a  "cut " 

tha t  function s t o reduc e th e numbe r  o f  empirica l 

possibilities .  T o analyz e pattern s o f  errors ,  a  rigorou s 

decisio n procedur e wa s introduce d int o th e analysi s t o 

distinguis h "cuts "  fro m logicall y appropriat e response s i n 

whic h th e secon d hal f  o f  proposition s wa s "rigged "  s o 

tha t  "cuts "  coul d b e distinguishe d for m othe r  responses . 
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Preschoo l Elementar y MIddl 

-Tautolog y 
-Contradictio n 

Disjunctio n 
Conjunctio n 

Percen t  o f  conversion s o f  logica l  propsoition s 
by ag e an d logica l  for m 

Figur e 1 -  Percen t  o f  "cuts "  o f  logica l  proposition s b y ag e an d logica l  for m 

A serie s o f  M c N e m ar  an d Cochran' s chi-square s wer e 
conducte d t o compar e conversio n level s b y logica l  form . 

The erro r  rate s ar e depicte d i n Figur e 2 .  Dat a i n th e figur e 

sugges t  tha t  i n th e younge r  groups ,  conjunction s wer e 

leas t  likel y t o b e cut ,  wherea s contradiction s an d 

tautologie s wer e mos t  likel y t o b e cut ,  an d disjunction s 

wer e in-betwee n th e tw o extremes .  I n middl e schoo l 

children ,  disjunction s wer e cu t  a t  th e highes t  rat e whil e 

lo w level s o f  conversion s o f  tautologie s an d 
contradiction s see m t o b e du e t o recognitio n o f  logica l 

for m an d therefor e eliminatin g th e nee d fo r  empirica l 
evidenc e an d it s effec t  o n outcome .  Fo r  preschoo l  ag e 

children ,  a  Cochra n Q  test ,  wit h M c N e m ar  chi-squar e 
test s fo r  pos t  ho c pairwis e comparisons ,  indicate d 

significan t  difference s i n conversio n rate s acros s th e 

logica l  form s (Cochra n Q  (3 ,  32 )  =  22.3 ,  p.< -  0001) . 
Pairwis e comparison s indicat e tha t  conjunction s wer e 
significantl y les s probabl e t o b e converte d tha n 

disjunction s {McNema r  (1 ,  37 )  =  4.5 ,  p  < .  05) ,  tautologie s 

(McNemar  (1 ,  45 )  =  14.7 ,  £ < .  0001) ,  an d contradiction s 
(McNemar  (1 ,  46 )  =  28 ,  p < .  0001) ,  wherea s disjunction s 
ar e les s probabl e t o b e converte d tha n contradiction s 

(McNemar  (1 ,  36 )  =  10.3 ,  e < .  005) .  Thes e dat a sugges t 
tha t  th e probabilit y  o f  a  conversio n increase s wit h a n 

increas e i n th e numbe r  o f  possibilitie s compatibl e wit h th e 
statement . 

I n elementar y schoo l  children ,  a  Cochra n Q  test ,  wit h 

McNemar  chi-squar e test s fo r  pos t  ho c pairwis e 

comparisons ,  indicate d significan t  difference s i n 

conversio n rate s acros s th e logica l  form s (Cochra n Q  (3 , 

34= 21.7 ,  j2< .  0001) .  Pairwis e comparison s indicat e tha t 
conjunction s wer e significantl y les s probabl e t o b e 

converte d tha n contradiction s (McNema r  (1 ,  35 )  =  9.62 ,  p 

<.  001) ,  wherea s contradiction s ar e mor e probabl e t o b e 

converte d tha n disjunction s (McNema r  (1 ,  35 )  =  6.0 ,  p  < . 
025) ,  an d tautologie s (McNema r  (1 ,  35 = 8.9 ,  p<.005) . 

Thes e data ,  lik e preschoo l  data ,  sugges t  tha t  th e 

probabilit y  o f  a  conversio n increase s wit h a n increas e i n 

th e numbe r  o f  possibilitie s compatibl e wit h th e statement . 

I n middl e schoo l  children ,  a  Cochra n Q  test ,  wit h 

M c N e m ar  chi-squar e test s fo r  pos t  ho c pairwis e 
comparisons ,  indicate d significan t  difference s i n 
conversio n rate s acros s th e logica l  form s (Cochra n Q  (3 , 

35)  =  24.6 ,  £< .  0001) .  Pairwis e comparison s indicat e tha t 

conjunction s wer e significantl y les s probabl e t o b e 
converte d tha n contradiction s ( M c N e m a r  (1 ,  34 )  -  6.36 , 

E<.  025) ,  an d disjunction s (McNema r  (1 ,  34 )  =  15.96 ,  p  < . 

001) ,  wherea s disjunction s ar e mor e probabl e t o b e 
converte d tha n tautologie s ( M c N e m a r  (1,34) = 6.0 , 
2<.025 )  an d conjunction s (McNema r  (1 ,  34 )  =  9.45 ,  p < . 

005) .  Thes e dat a indicat e tha t  fo r  al l  ag e groups ,  problem s 
correspondin g t o exactl y on e empirica l  possibilit y  (i.e. , 
conjunctions )  elici t  fewe r  error s tha n problem s 

correspondin g t o mor e tha n on e o r  les s tha n on e empirica l 

possibility .  Dat a i n th e figure ,  als o indicat e a  marke d 
developmenta l  progressio n wit h respec t  t o erro r  rates . 

Accuracy of encoding & recall 

From the very beginning, we have contemplated 

severa l  possibilitie s a s t o wher e i n th e cours e o f 

informatio n processin g conversion s tak e place .  T w o 
possibilitie s seeme d mos t  plausible :  (1 )  conversion s occu r 

i n th e cours e o f  encodin g th e proposition s int o workin g 
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m e m o ry o r  (2 )  i n th e cours e o f  retrievin g th e proposition s 

fro m long-ter m memory ,  o r  (3 )  the y occu r  i n th e cours e o f 

th e creatio n o f  a  proble m space . 

Th e result s indicat e tha t  preschoo l  childre n encode d 

abou t  2 3 % o f  al l  prediction s incorrectl y whil e elementar y 

an d middl e schoo l  childre n encode d les s tha n 1 0 % 

incorrectly .  Th e dat a demonstrat e tha t  th e level s o f 

encodin g error s canno t  accoun t  fo r  conversion s fo r  tw o 

reasons :  a )  mea n encodin g level s woul d hav e t o increas e 

dramaticall y t o equa l  thos e level s i n conversion s an d b ) 

th e rate s o f  encodin g error s ar e lowes t  fo r  thos e form s 

whic h ar e converte d a t  th e highes t  rates .  Therefore ,  th e 

evidenc e doe s no t  sugges t  tha t  encodin g i s responsibl e fo r 

conversions . 

Recal l  rate s indicat e tha t  overal l  childre n ten d t o 

recal l  th e initia l  prediction s correctly ,  eve n thos e tha t  ha d 

hig h conversio n rates .  Thes e finding s see m t o sugges t  tha t 

participant s represen t  a  propositio n veridicall y withou t 

veridicall y representin g correspondin g stat e o f  affairs . 

Thi s dissociatio n indicate s tha t  th e reporte d conversion s 

do no t  ste m fro m m e m o r y limitations .  I t  seem s tha t  a 

likel y sourc e o f  thes e conversion s i s a n incomplet e 

representatio n o f  empirica l  possibilitie s o r  state s o f  affair s 

compatibl e wit h th e proposition . 

Discussion 

The findings could be summarized as follows. (1) As 

oppose d t o middl e schoo l  children ,  youn g childre n d o no t 

distinguis h betwee n logica l  an d empirica l  problems ,  an d 

ofte n attemp t  t o empiricall y solv e logica l  problems .  (2 ) 

Participant s o f  al l  ag e group s w h o exhibite d errors , 

exhibite d th e sam e patter n o f  error s — th e tendenc y t o 

represen t  a  proble m a s i f  i t  wer e compatibl e wit h onl y on e 

empirica l  possibility .  (3 )  I n s o doing ,  acros s th e ag e 
groups ,  participant s exhibite d on e strategy -  a  "cut "  i n th e 

secon d hal f  o f  logica l  propositions .  (4 )  Cut s markedl y 

decrease d wit h ag e an d th e acquisitio n o f  a n 

understandin g o f  logica l  form . 

As i n previou s experiment s (Fa y &  Klahr ,  1996 ; 

Sloutsky ,  Morris ,  &  Rader ,  i n review )  preschoo l  an d 

elementar y childre n di d no t  distinguis h logicall y 

determinat e fro m empirica l  statements .  T w o set s o f 

evidenc e demonstrat e a  lac k o f  recognitio n o f  logica l 

sufficienc y o f  tautologie s an d contradiction s i n preschoo l 

and elementar y schoo l  children ;  (1 )  n o recognitio n o f  a 

prior i  logica l  for m an d (2 )  request s fo r  empirica l 

verification .  Thi s evidenc e als o suggest s tha t  middl e 

schoo l  ag e childre n differentiat e logicall y determinat e 

fro m indeterminat e problems . 

Cut s wer e demonstrate d b y a  posterior i  evaluation s 

of  th e ball' s  landin g tha t  systematicall y ignore d th e 

secon d hal f  o f  th e propositio n i n question .  Fo r  example , 

when give n "th e bal l  wil l  lan d o n re d an d no t  red "  an d th e 

bal l  actuall y lande d o n red ,  th e chil d respond s tha t  th e 

predictio n wa s correct .  T w o factor s ar e necessar y i n orde r 

t o dra w thi s conclusion :  a )  inabilit y  t o distinguis h a  prior i 

logica l  form ,  an d b )  inabilit y  t o recogniz e whe n empirica l 

verificatio n i s necessary . 

Th e dat a als o indicat e tha t  problem s compatibl e wit h 

mor e tha n on e o r  les s tha n on e empirica l  possibilit y 

elicite d mor e error s tha n problem s compatibl e wit h 

exactl y on e empirica l  possibility .  Furthermore , 

participant s o f  al l  ag e group s exhibite d th e sam e patter n 

of  error s — a  "cut "  i n th e secon d hal f  o f  propositions . 

Developmenta l  trend s sugges t  tha t  th e proportio n o f 

"cuts "  decrease s wit h th e acquisitio n o f  a n understandin g 

of  logica l  form ,  theoreticall y a  mor e adaptiv e strateg y fo r 

solvin g thes e type s o f  problems .  Whil e preschoo l  an d 

elementar y schoo l  childre n di d no t  recogniz e a  prior i 

logica l  for m an d di d no t  differentiat e determinat e fro m 

indeterminat e problem s i n term s o f  empirica l  verification , 

middl e schoo l  childre n performe d significantl y bette r  o n 

bot h measures .  Additionally ,  level s o f  cut s wer e ver y lo w 

fo r  middl e schoo l  childre n overall .  Encodin g an d recal l 

rate s wer e no t  significantl y differen t  fo r  al l  group s an d 

di d no t  occu r  a t  level s hig h enoug h t o accoun t  fo r 

conversio n phenomena .  Therefore ,  developmenta l 

change s tha t  see m t o b e relate d t o th e decreas e i n cut s ar e 

an increas e i n recognitio n o f  logica l  form s an d a  decreas e 

i n request s fo r  empirica l  verificatio n i n logicall y 

determinat e forms .  Thes e change s sugges t  th e acquisitio n 

of  a  strateg y o f  logica l  reasonin g woul d als o functio n t o 

supplan t  searc h throug h proble m spac e fo r  a  solutio n wit h 

a searc h throug h knowledg e spac e fo r  th e correc t  solution . 

Thi s suggest s tha t  a s childre n acquir e a n understandin g o f 

logicall y determinat e problem s th e nee d fo r  limitin g th e 
number  o f  possibilitie s compatibl e wit h th e proble m 

decreases . 

Conclusion 

The presented evidence supports the hypothesis that 

problem s compatibl e wit h mor e tha n on e possibilit y  o r 

les s tha n on e possibilit y  elici t  mor e error s tha n problem s 

compatibl e wit h exactl y on e possibility .  Thre e mai n 

finding s see m t o b e particularl y important :  (a )  a s oppose d 

t o middl e schoo l  children ,  preschooler s an d elementar y 

schoo l  childre n d o no t  distinguis h logicall y determinat e 

fro m logicall y indeterminat e forms ;  (b )  cut s see m t o ste m 

fro m th e creatio n o f  a n incomplet e proble m space ,  an d no t 

fro m inaccuracie s i n encoding ;  an d (c )  decreas e i n th e rat e 

of  cut s correspond s t o increase s i n th e abilit y  t o 

distinguis h logica l  fro m empirica l  problems .  However , 

additiona l  studie s wil l  hel p establis h wha t  els e i s missin g 

and wha t  els e develop s i n solvin g logica l  versu s empirica l 

problems . 
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