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Effect s o f  externalizatio n o n representatio n a n d recal l  o f  i n d e t e r m i n a t e p r o b l e m s 

Vladimi r  M .  Sloiitsk y (sloutsky.K̂ osu.edu ) 
Cente r  fo r  Cognitiv e Scienc e &  Schoo l  oCleachin g &  Learning ;  194 5 N .  Hig h Stree t 

Columbus ,  O H 43210 ,  US A 

Yevgeniya Goldvarg (goldvarg(a^phoenix.princeton.edu) 
Departmen t  o f  Psychology ,  Princeto n Univerist y 

Green Hall ,  Princeton ,  N J 0855 4 US A 

Abstrac t 

Naive reasoning and problem solving is error-prone. One 
suc h patter n i s manifeste d i n tha t  peopl e er r  mor e ofte n whe n 
problem s ar e indeterminat e tha n whe n problem s ar e 
determinat e W e sugges t  tha t  a n incomplet e proble m 
representatio n coul d accoun t  fo r  th e observe d patter n o f 
errors .  W e furthe r  conten d tha t  i n verba l  reasonin g suc h 
incomplet e representatio n stem s fro m a  lac k o f  systemati c 
representation s o f  connective s (e.g. ,  and ,  or ,  if ,  etc.) ,  and , 
therefore ,  extemalizatio n o f  relation s denote d b y sententia l 
connective s shoul d improv e people' s representation s o f 
multipl e possibilities .  Thes e prediction s wer e teste d i n thre e 
reporte d experiments .  Result s indicat e tha t  determinat e 
problem s wer e easie r  t o represen t  an d recal l  tha n 
indeterminat e problems .  Furthermore ,  ther e wa s a  tendenc y 
t o represen t  an d recal l  indeterminat e problem s a s i f  the y wer e 
determinat e one s b y fruncating  th e numbe r  o f  possibilitie s 
compatibl e wit h th e problem .  Finally ,  externa l  aid s 
dramaticall y improve d representatio n an d recal l  o f 
indeterminat e problems .  Thes e result s ar e discusse d i n 
relatio n t o theorie s o f  representatio n an d reasoning . 

Introduction 

Naiv e reasonin g an d proble m solvin g i s  error-pron e (se e 
Evan s &  Over ,  1996 ;  Johnson-Lair d &  Byrne ,  1991 ;  fo r 
reviews )  an d error s exhibi t  systemati c an d predictabl e 
patterns .  O n e particula r  patter n o f  error s i s  especiall y 
robust :  peopl e er r  mor e ofte n i f  problem s ar e indeterminat e 
(i.e. ,  compatibl e wit h multipl e possibilities )  tha n i f 
problem s ar e determinat e (i.e. ,  compatibl e wit h a  singl e 
possibility) .  Fo r  example ,  th e proble m i s compatibl e wit h 
multipl e possibilitie s i f  a n observe d outcom e coul d b e 
cause d b y severa l  factors ,  a n observe d symp to m coul d b e 
indicativ e o f  severa l  conditions ,  o r  a n observe d patter n 
coul d b e generate d b y severa l  rules . 

W h en problem s ar e indeterminate ,  peopl e (includin g 
exper t  scientists ,  politicians ,  lawyers ,  an d physicians )  ten d 
t o attribut e observe d outcome s t o on e o r  fe w factors , 
overlookin g othe r  plausibl e possibilities .  Suc h a  patter n wa s 
found s i n th e stud y o f  scientifi c  thinkin g an d proble m 
solvin g (Kuhn ,  Garcia-Mila ,  Zohar ,  &  Andersen ,  1995 ; 
Mynatt ,  Dohetry ,  &  Tweney ,  1977) ,  verba l  reasoning 
(Evan s &  Over ,  1996 ;  Johnson-Laird ,  1998) ,  an d i n learnin g 
and recal l  (Sloutsky ,  Rader ,  &  Morris ,  1998) . 

The mos t  obviou s theoretica l  explanatio n o f  th e reviewe d 
difficultie s i s  tha t  indeterminat e problem s requir e mor e 
workin g m e m o r y resource s tha n determinat e problems .  A s a 

result ,  th e overal l  erro r  rat e i n indeterminat e problem s i s 
greate r  tha n tha t  i n determinat e ones .  Suc h a n interpretatio n 
assume s tha t  peopl e attemp t  t o constru e veridica l  proble m 
representations ,  bu t  the y er r  becaus e the y canno t  kee p al l 
thes e possibilitie s i n thei r  workin g memory .  Althoug h 
cognitiv e overloa d i s a  plausibl e factor ,  i t  i s  likel y t o resul t 
i n a n increas e o f  unsystemati c errors ,  wherea s th e observe d 
pattern s o f  error s ar e quit e systematic .  Therefore ,  i t  seem s 
necessar y t o carr y ou t  a  mor e detaile d cognitiv e analysi s 
an d t o conside r  othe r  factors . 

I t  seem s tha t  derivin g a  proble m solutio n require s a t  leas t 
fiv e steps .  Thes e include :  (1 )  encodin g o f  a  verba l 
descriptio n o r  perceptua l  arrangemen t  o f  th e problem ;  (2 ) 
construin g a  proble m representatio n tha t  include s variou s 
element s o f  th e proble m an d relation s a m o n g them ;  (3 ) 
searc h throug h m e m o r y spac e fo r  a  putativ e solution ;  (4 ) 
manipulatio n o f  component s o f  th e proble m fo r  a  putativ e 
solution ;  an d (5 )  mappin g a  solutio n ont o a  verba l  response . 
Therefore ,  th e describe d difficultie s m a y aris e a t  eac h o f 
thes e steps . 

We believ e that ,  w h e n othe r  factor s ar e controlle d o r 
eliminate d vi a simplifyin g th e task ,  a n incomplet e proble m 
representatio n coul d accoun t  fo r  th e observe d patter n o f 
errors ,  althoug h wit h mor e demandin g task s othe r  factor s 
m ay als o ad d t o th e proble m difficulty .  Th e ide a stem s fro m 
prio r  fmding s tha t  childre n d o creat e a n incomplet e proble m 
representatio n b y truncatin g th e numbe r  o f  possibilitie s 
compatibl e wit h th e proble m an d ofte n considerin g jus t  on e 
possibilit y  (Sloutsky ,  e t  al ,  1998) .  W e cal l  suc h proble m 
representatio n th e "minimalist "  representatio n an d sugges t 
tha t  untraine d adult s m a y als o ten d t o constru e suc h 
proble m representations . 

O ne possibl e mechanis m underlyin g th e "minimalist " 
representatio n coul d b e a  lac k o f  representation s o f  relation s 
a m o ng th e alternativ e possibilities .  Typically ,  i n th e cas e o f 
verba l  descriptions ,  thes e relation s ar e denote d b y 
sentential ,  o r  logical ,  coimectives ,  suc h a s and ,  or ,  o r  else , 
if ,  etc .  I n th e cas e o f  an d th e considere d possibilitie s { A an d 
B)  mus t  co-occur ,  wherea s i n th e cas e o f  or ,  th e considere d 
possibilitie s { A o r  B )  m a y o r  m a y no t  co-occur .  However ,  i f 
peopl e d o no t  hav e consisten t  representation s o f  sententia l 
cormectives ,  the y woul d creat e identica l  (o r  similar ) 
proble m representation s fo r  conjunctiv e (thos e connecte d 
wit h and )  an d disjunctiv e (thos e connecte d wit h or ) 
proble m statements .  I n fact ,  i t  ha s bee n demonstrate d 
(Sloutsky ,  e t  al. ,  1998 )  tha t  peopl e ten d t o recal l 
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disjunction s a s conjunctions ,  bu t  no t  vic e versa . 
I t  i s  k n o w n tha t  externa l  representation s ar e capabl e o f 

improvin g th e proces s o f  inferenc e an d proble m solvin g 
(Baue r  &  Johnson-Laird ,  1993 ;  Larki n &  Simon ,  1987 ; 
Zhang ,  1997 ;  Zhan g &  Norman ,  1994) .  I t  seem s plausibl e 
tha t  i f  peopl e d o constru e defectiv e o r  "minimalist " 
representation s o f  possibilitie s denote d b y differen t 
sententia l  connectives ,  failin g t o represen t  multipl e 
possibilitie s compatibl e wit h som e o f  th e connective s (e.g. , 
disjunctio n o r  conditional) ,  the n helpin g the m t o externall y 
represen t  multipl e possibilitie s shoul d reduc e error s i n 
representatio n an d recall .  O n th e othe r  hand ,  i f 
extemalizatio n o f  possibilitie s correspondin g t o sententia l 
connective s fai l  t o improv e representatio n an d recal l  o f 
proposition s containin g thes e connectives ,  the n i t  i s  likel y 
tha t  difficultie s i n recal l  ste m fro m othe r  reason s tha n th e 
"minimalist "  representation . 

I f  thes e theoretica l  consideration s ar e true ,  the n peopl e 
shoul d er r  w h e n problem s ar e indeterminate ,  correspondin g 
t o multipl e possibilities ,  an d thes e error s shoul d exhibi t  a 
particula r  patter n ~  peopl e constru e "defective "  proble m 
representations ,  truncatin g th e numbe r  o f  alternative s 
compatibl e wit h a  problem .  Therefore ,  fiill y  determinat e 
problems ,  thos e tha t  correspon d t o exactl y on e possibility , 
shoul d b e th e easies t  ones .  Furthermore ,  i n m a n y problems , 
suc h a s proposition s wit h connectives ,  th e tota l  numbe r  o f 
possibilitie s i s fixe d (2P ,  =  2" ,  wher e IP ^  i s th e tota l  numbe r 
of  possibilities ,  an d n  i s th e numbe r  o f  atomi c statement s i n 
th e connective) .  Therefore ,  T R U E an d F A L S E possibilitie s 
i n suc h problem s ar e relate d inversely .  A s a  resuh ,  th e 
proportio n o f  error s w h e n th e tas k i s t o represen t  wha t  i s 
T R U E,  shoul d b e a  mirro r  imag e o f  th e proportio n o f  error s 
w h en th e tas k i s t o represen t  wha t  i s  F A L S E .  Finally ,  i f 
participant s ar e assiste d only  i n externalizin g connectives , 
th e predicte d effect s shoul d decrease .  Th e followin g critica l 
prediction s wer e teste d i n th e thre e reporte d experiments : 

1. People err more often when problems correspond to 
multipl e possibilitie s rathe r  tha n a  singl e possibility : 
the y constru e "defective "  o r  "minimalist "  proble m 
representations ,  truncatin g th e numbe r  o f  alternative s 
compatibl e wit h a  problem . 

2.  Becaus e th e tota l  numbe r  o f  T R U E an d F A L S E 
possibilitie s ar e relate d inversely ,  proportion s o f 
error s w h e n th e tas k i s t o represen t  wha t  i s  T R U E , 
shoul d b e a  mirro r  imag e o f  th e proportio n o f  error s 
w h en th e tas k i s t o represen t  wha t  i s  F A L S E . 

3.  Extemalizatio n o f  relation s denote d b y sententia l 
cormective s shoul d improv e people' s representation s 
of  multipl e possibilities . 

Experiment 1 

Th e goa l  o f  thi s experimen t  wa s t o tes t  hypothese s 1- 2 vi a 
investigatin g people' s representatio n an d recal l  o f 
proposition s wit h variou s logica l  connectives .  Participant s 
wer e presente d wit h content-base d proposition s havin g 
differen t  connective s (e.g. ,  A  an d B ;  A  o r  B ;  I f  A  the n B )  an d 
cutou t  card s containin g eac h o f  th e atomi c statement s an d 
thei r  negation s (e.g. ,  A ,  not-A ;  B ,  not-B) .  Not e tha t  ther e 

wer e n o cutou t  card s correspondin g t o th e connectives .  Th e 
tas k wa s t o selec t  thos e cutout s tha t  woul d (a )  communicat e 
tha t  th e propositio n i s  tru e (True )  o r  (b )  communicat e tha t 
tii e propositio n i s fals e (False) . 

Method 

Participant s Th e sampl e consiste d o f  2 6 Ohi o Stat e 
Universit y post-baccalaureat e student s majorin g i n 
educatio n ( 8 m e n an d 1 8 w o m e n ;  M e a n ag e =  24. 9 years) . 
The y receive d extr a credi t  fo r  participation . 
Material s Th e experimen t  include d five  logica l  forms : 
conjunction s { A an d B ) ,  inclusiv e disjunction s { A o r  B ,  o r 
both) ,  exclusiv e disjunction s ( A o r  B ,  bu t  no t  both) , 
conditional s {I f  A  the n B ) ,  an d bi-conditional s {I f  an d onl y i f 
A the n B) .  Eac h logica l  for m appeare d thre e time s wit h 
differen t  neutra l  content .  Th e conten t  wa s rotate d acros s th e 
connectives .  Belo w ar e th e example s o f  propositions : 
Conjunction :  Thi s perso n drink s orang e juic e i n th e 
mornin g an d watche s th e histor y channel . 
Inclusiv e Disjunction :  Thi s perso n like s fishin g o r 
volunteer s i n a  publi c school ,  o r  both . 
Exclusiv e Disjunction :  Thi s perso n eithe r  collect s stamp s o r 
teache s classe s o n Thursdays ,  bu t  no t  both . 
Conditional :  I f  thi s perso n work s o n weekends ,  the n h e 
support s scientifi c  research . 
Bi-Conditional :  I f  an d onl y i f  thi s perso n i s hones t  h e drive s 
a blu e minivan . 

Eac h propositio n wa s accompanie d b y severa l  cutou t 
cards .  Fo r  al l  logica l  forms ,  cutou t  card s state d atomi c 
proposition s i n th e sentences ,  negation s o f  atomi c 
propositions ,  an d unrelate d filler  statements .  Fo r  eac h 
statement ,  ther e wer e tw o card s tha t  state d eac h atomi c 
propositio n i n th e sentence ,  tw o card s tha t  state d th e 
negatio n o f  eac h atomi c sentence ,  an d tw o unrelate d filler 
items .  Fo r  exampl e th e sentenc e I f  an d onl y i f  thi s perso n i s 
hones t  h e drive s a  blu e miniva n wa s presente d wit h th e 
followin g cutou t  cards :  Thi s perso n i s  hones t  (tw o cardsj , 
Thi s perso n i s no t  hones t  (tw o cards) .  Thi s perso n drive s a 
blu e miniva n (tw o cards) .  Thi s perso n doe s no t  driv e a  blu e 
miniva n (tw o cards) ,  an d tw o uru-elate d cards :  77ii. y  perso n 
like s hamburgers ,  an d Thi s perso n play s tennis .  Suc h a n 
arrangemen t  wa s create d t o allo w participant s t o veridicall y 
represen t  th e logica l  forms .  Fo r  example ,  t o veridicall y 
represen t  conjunctions ,  the y ha d t o selec t  jus t  tw o card s ( A 
& B ) ,  wherea s t o veridicall y represen t  inclusiv e 
disjunctions ,  the y ha d t o selec t  si x card s { A &  not-B ;  not- A 
&B,!LndA&B) . 

Th e experimen t  ha d a  mixe d desig n wit h th e Tmt h 
conditio n a s a  between-subjec t  facto r  an d Logica l  for m a s a 
within-subjec t  factor .  Th e Trut h conditio n ha d tw o levels : 
(a )  communicat e tha t  a  propositio n i s  tru e (True )  an d (b ) 
communicat e tha t  a  propositio n i s fals e (False) . 
Procedur e Participant s wer e teste d individuall y i n a  quie t 
room .  Th e experimen t  consiste d o f  fou r  phases :  warm-up , 
selection ,  distraction ,  an d cue d recall .  Durin g th e warm-u p 
phas e participant s rea d instruction s an d complete d tw o 
practic e trials :  on e i n whic h the y represente d tru e meanin g 
of  a  sentenc e an d anothe r  i n whic h the y represen t  fals e 
meanin g o f  a  sentence . 

Durin g th e selectio n phas e th e participant s wer e presente d 
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wit h on e sentenc e a t  a  time ,  and ,  t o contro l  fo r  encoding , 
wer e asked  t o repea t  th e sentence .  I f  encodin g wa s incorrec t 
th e sentenc e wa s rerea d an d participant s repeate d i t  again . 
Thi s procedur e continue d unti l  th e sentenc e wa s repeate d 
conectly .  Afte r  that ,  th e experimente r  lai d d o w n 1 1 card s i n 
front  o f  th e participant .  O n e car d ha d th e whol e sentenc e 
printe d o n it ,  wherea s te n card s ha d atomi c proposition s ( 2 
proposition s *  2  card s =  4  cards) ,  negation s o f  thes e 
proposition s ( 2 negate d proposition s *  2  card s =  4  cards) , 
and fille r  item s printe d o n them .  Then ,  dependin g o n wha t 
conditio n the y wer e in ,  participant s wer e aske d t o selec t 
thos e card s tha t  m a d e th e sentenc e tru e o r  false .  Fo r  eac h 
sentenc e al l  selecte d card s correspondin g t o eac h 
propositio n wer e place d int o separat e envelope s fo r  futur e 
cue d recall . 

The selectio n phas e wa s followe d b y th e distractio n 
phase ,  durin g whic h th e participant s solve d simpl e 
numerica l  problems .  Thi s phas e continue d fo r  seve n 
minutes . 

Durin g th e cue d recal l  phase ,  th e participant s wer e 
presente d wit h th e card s tha t  the y selecte d an d aske d t o 
recal l  th e entir e origina l  sentence .  Not e tha t  th e card s state d 
onl y atomi c statement s an d filler  items ,  bu t  the y di d no t 
stat e connectives .  Participant s recalle d on e sentenc e a t  a 
time . 

I f  participant s recalle d a n entir e sentence ,  includin g th e 
connective ,  th e answe r  wa s score d a s correct .  I f  participant s 
recalle d a  sentenc e correctly ,  bu t  substitute d on e connectiv e 
wit h another ,  th e answe r  wa s score d a s a  substitutio n error . 
I f  the y recalle d a n affirmativ e propositio n a s a  negatio n o r  a 
negatio n a s a n affirmativ e statement ,  i f  the y forgo t  a 
propositio n i n a  compoun d statement ,  o r  i f  the y include d 
one tha t  originall y wa s no t  there ,  th e answe r  wa s score d a s 
incorrect . 

Results and Discussion 

I n thi s section ,  w e conside r  h o w participant s represente d 
and recalle d propositions .  Th e correc t  (trut h table ) 
representation s fo r  th e Tru e an d Fals e condition s ar e 
presente d i n Tabl e 1 .  Th e tabl e present s th e five  logica l 
form s use d i n th e experiment ,  an d possibl e car d 
arrangement s representin g correc t  an d incorrec t  choice s b y 
logica l  form s an d trut h conditions .  A  representatio n wa s 
code d a s correc t  i n a  give n condition ,  i f  a  participan t 
selecte d al l  an d onl y car d arrangement s marke d b y th e plu s 
sign . 

Proportion s o f  correc t  representation s ar e depicte d i n 
Figur e 1 .  Thes e dat a clearl y indicat e tha t  participant s tende d 
t o represen t  correctl y conjunction s i n th e Tru e conditio n 
(Percen t  Correc t  =  1 0 0 % ,  Chanc e =  6.25% ,  9 5 % 
Confidenc e Interva l  =  9 1 . 4 % t o 1 0 0 % )  an d disjunction s i n 
th e Fals e conditio n (Percen t  Correc t  =  1 0 0 % ,  Chanc e = 
6.25% ,  9 5 % Confidenc e Interva l  =  7 8 . 5 % t o 1 0 0 % ) .  I n 
othe r  words ,  the y tende d t o represen t  correctl y onl y thos e 
form s tha t  wer e compatibl e wit h exactl y on e possibility .  I n 
th e T m e condition ,  al l  othe r  logica l  form s generate d lo w 
correc t  respons e rate s tha t  di d no t  surpas s 5 % .  Similarly , 

lo w correc t  respons e rate s wer e observe d i n th e Fals e 
condition ,  excep t  fo r  th e conditional ,  whic h wa s stil l  no t 
significantl y differen t  fro m chanc e (Percen t  Correc t  =  3 7 % , 
C hanc e =  6.25% ,  9 5 % Confidenc e Interva l  =  4 0 % t o 8 1 % ) . 

Becaus e th e proportio n o f  correc t  response s wa s 
surprisingl y low ,  w e deeme d i t  necessar y t o analyz e pattern s 
of  responses .  I n th e Tru e condition ,  thes e pattern s fel l  int o 
thre e categories :  (1 )  correc t  representation s (selectio n o f 
card s correspondin g t o al l  tru e possibilities ,  (2 )  "conversion -
to-conjunction "  ( a tendenc y conside r  onl y on e tru e 
possibility ,  A  &  B ) ,  an d (3 )  "other "  error s (thos e tha t  di d no t 
fal l  i n th e first  tw o categories) .  I n th e Fals e condition ,  w e 
als o identifie d thre e respons e categories :  (1 )  correc t 
representation s (selectio n o f  card s correspondin g t o al l  fals e 
possibilities) ,  (2 )  "conjunctio n o f  negations, "  ( a tendenc y t o 
conside r  onl y on e fals e possibility ,  -n A &  -iB) ,  an d (3 ) 
"other "  error s (thos e tha t  di d no t  fal l  m th e first  tw o 
categories) . 

I n th e Tru e condition ,  th e dominan t  patter n o f  response s 
was th e "conversion-to-conjunction "  (mor e tha n 9 0 % o f  al l 
responses) ,  wherea s i n th e Fals e condition ,  th e dominan t 
patter n o f  respons e wa s th e "conjunctio n o f  negations " 
(aroun d 7 0 % o f  al l  responses) .  T o establis h significanc e o f 
th e prevalenc e thes e pattern s o f  responses ,  withi n eac h 
Trut h conditio n an d fo r  eac h logica l  form ,  th e numbe r  o f 
response s conformin g t o th e pattern s wa s cross-tabulate d 
wit h th e tota l  numbe r  o f  "other "  an d correc t  response s an d 
subjecte d t o 2  b y 2  chi-squar e analyses .  I n th e Tru e 
condition ,  th e prevalenc e o f  conversion-to-conjunction s wa s 
significan t  fo r  th e bi-conditional ,  ̂  (1 ,  96 )  =  80.67 ,  p < 
.0001 ,  fo r  th e conditional ,  /  (1 ,  96 )  =  96 ,  p < .0001 ,  fo r  th e 
exclusiv e disjunction ,  ̂  (1 ,  96 )  =  66.7 ,  p < .0001 ,  an d fo r 
th e inclusiv e disjunction ,  /  (1 ,  96 )  =  80.67 ,  p < .0001 .  I n 
th e Fals e condition ,  th e "conjunction-of-negations "  wa s 
prevalen t  fo r  th e conjunction ,  ̂  (1 ,  60 )  =  45,;p < .0001 ,  an d 
fo r  th e exclusiv e disjunction ,  ̂ ^  (1 ,  60 )  =  9.6 ,  p < .003 .  Fo r 
th e conditiona l  an d th e bi-conditiona l  thi s pattern ,  althoug h 
not  reachin g significance ,  accounte d fo r  mor e tha n a  hal f  o f 
al l  responses . 

Recal l  rate s acros s th e Trut h condition s ar e presente d o n 
Figur e 2 .  Not e tha t  whil e ther e wer e significan t  difference s 
i n correc t  representation s o f  tru e an d fals e possibilitie s o f 
conjunction s an d o f  disjunctions ,  recal l  rate s fo r  thes e 
logica l  form s di d no t  diffe r  acros s th e Trut h condition s ( F 
(1,24 )  =  1.7,/ ? =  0.2 ,  fo r  conjunction s an d F (  1,24) = 1.6 ,  p 
= .22 ,  fo r  disjunctions) .  Overall ,  conjunction s wer e mor e 
likel y t o b e recalle d tha n al l  othe r  logica l  forms ,  F  (\ ,  25 )  = 
74.8 ,  p  <  .0001 .  Recal l  rate s o f  th e othe r  logica l  form s di d 
not  diffe r  significantl y fro m eac h other . 

Patter n o f  response s wa s simila r  t o tha t  i n th e 
representatio n phase .  I n bot h conditions ,  th e conjunctio n 
generate d significantl y mor e correc t  response s tha n 
incorrec t  responses .  I n th e Tru e condition ,  ther e wer e 8 5 % 
correc t  responses ,  /  (2 ,  144 )  =  90.2 ,  z  =  6.3 ,  p < .0001 .  I n 
th e Fals e condition ,  ther e wer e 7 7 % correc t  responses ,  ̂ ^  (2 , 
90 )  =  41.7 ,  z  =  4.1/7 < .0001 . 
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Tabl e 1 :  Trut h tabl e r e 

Logica l  form s 

Conjunctio n ( A N D ) 

Inclusiv e 
Disjunctio n ( X O R ) 

Exclusiv e 
Disjunctio n (OR ) 

Conditiona l  (IF ) 

Bi-Conditiona l  (IFF ) 

presenta t ion s b y th e 1 ogica l  form s •. 
Trut h condition s an d possibl e car d arrangement s 

Tru e conditio n 
A & B 

+ 
+ 

+ 
+ 

-^& B 
-
+ 

+ 

+ 
-

A&-, B 
-
+ 

+ 

-
-

-v4&-, 5 
-

-

+ 
+ 

Fals e conditio n 
A & B 

+ 

_ 

- ^ & B 
+ 

-
+ 

A&-^ B 
+ 
-

-

+ 
+ 

-u4&-, 5 
+ 
+ 

+ 

-
-

Note :  "+ "  indicate s a  car d arrangemen t 
incorrectl y selecte d car d arrangement . 

TRUE 

^  0 4 

Figur e 1 :  Percen t  o f  correc t  representation s i n th e 
" T R U E"  vs .  "FALSE "  conditions . 

For the other logical forms, in the True condition the 
dominan t  patter n o f  recal l  wa s th e "conversion-to -
conjunction "  (recal l  o f  a  propositio n a s i f  i t  ha d a  for m A 
an d B ) ,  wherea s i n th e Fals e condition ,  th e dominan t 
patter n o f  recal l  wa s th e conjunctio n o f  negations . 
Significanc e o f  th e prevalenc e o f  conversion-to -
conjunctio n an d conjunctio n o f  negation s response s wa s 
establishe d i n th e sam e maime r  a s i t  wa s establishe d fo r 
representations .  I n th e Tru e condition ,  th e bi-conditiona l 
conversion-to-conjunction s accounte d fo r  4 1 % o f  al l 
responses ,  NS ,  fo r  5 4 % o f  exclusiv e disjunctions ,  ̂  (2 , 
144 )  =  15.8 ,  z  =  2.5 ,  p < .001 ,  fo r  6 7 % o f  inclusiv e 
disjunctions ,  /  (2 ,  144 )  =  36.8 ,  z  =  4.0 ,  p < .0001 ,  an d fo r 
4 4 % o f  conditionals ,  NS . 

I n th e Fals e condition ,  i n additio n t o conjunctions ,  bi -
conditional s generate d mostl y correc t  responses ,  5 7 % ,  z ^ 
(2 ,  90 )  =  11.8 ,  z  =  2.2 ,  p < .005 .  A t  th e sam e time ,  th e 
conjunctio n o f  negation s accounte d fo r  5 7 % o f  exclusiv e 
disjunctions ,  /  (2 ,  90 )  =  11.1 ,  z  =  2.1 ,  /> < .005 ,  fo r  6 3 % 
of  inclusiv e disjunctions ,  ̂  (2 ,  90 )  =  18.9 ,  z  =  2.8 ,  p < 
.0001 ,  an d fo r  4 0 % o f  conditionals ,  NS . 

I n short ,  i n th e Tru e conditio n participant s tende d t o 
represen t  an d recal l  differen t  logica l  form s a s 
conjunctions ,  wherea s i n th e Fals e condition ,  the y tende d 
t o represen t  proposition s o f  al l  logica l  form s a s th e 
"conjunctio n o f  negations, "  whil e recallin g the m (excep t 
fo r  th e bi-conditional )  a s conjunction s o f  tru e 
possibilities .  Acros s th e conditions ,  conjunction s wer e 
likel y t o b e recalle d correctly .  Thes e fmding s suppor t  ou r 

hypothesi s tha t  peopl e ten d t o constru e th e "minimalist " 
representation ,  on e tha t  i s compatibl e wit h a  singl e 
possibility . 

Figur e 2 :  Percen t  o f  correc t  recal l  i n th e "TRUE "  vs . 
"FALSE "  conditions . 

However, the experiment left a number of issues 
unresolved .  Th e stronges t  argumen t  agains t  th e reporte d 
findings  coul d b e tha t  participant s migh t  hav e 
misinterprete d th e task .  I n particular ,  the y ma y hav e 
though t  tha t  th e tas k wa s t o selec t  possibilitie s merel y 
exemplifyin g tha t  th e propositio n i s tru e o r  fals e rathe r 
tha n selectin g al l  possibilitie s tha t  ar e compatibl e wit h th e 
tru e o r  fals e stat e o f  affairs .  I t  coul d b e als o argue d tha t 
peopl e poorl y understan d meaning s o f  al l  logica l 
connectives ,  excep t  fo r  conjunctions . 

To addres s thes e arguments ,  w e conducte d th e 
Experiment s 2  an d 3 .  I n Experimen t  2 ,  w e clarifie d th e 
instructions ,  specificall y askin g participant s t o selec t  A L L 
possibilitie s correspondin g t o tru e o r  fals e state s o f  affair s 
respectively .  I n Experimen t  3 ,  w e provide d the m wit h 
simpl e representationa l  aid s tha t  allowe d the m t o 
externaliz e possibilitie s denote d b y a  connective . 

Experiment 2 

Method 

Participant s Participant s wer e 10 9 undergraduat e 
student s a t  th e Ohi o Stat e Universit y (Mea n Ag e =  22. 1 
years ;  1 5 me n an d 9 4 women) .  Student s wer e recmite d 
throug h psycholog y classe s an d wer e give n extr a credi t 
fo r  participatin g i n th e study . 
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Material s Th e proble m se t  wa s identica l  t o tha t  i n th e 
first  experiment .  Ther e were ,  howeve r  a  numbe r  o f 
importan t  differences .  First ,  eac h proble m wa s followe d 
by a  ful l  ("trut h table "  type )  lis t  o f  possibilities ,  lo r 
exampl e whe n a  proble m consiste d o f  tw o atomi c 
statement s A  an d B  connecte d b y a  sententia l  connective , 
a ful l  hs t  o f  possibilitie s include d th e following :  A  &  B ; 
not- A &  B \  A  &  no t  B ;  an d nol- A &  not-B .  Thes e 
possibilitie s wer e randomize d withi n eac h proble m an d 
accompanie d b y tw o fille r  items .  A n exampl e o f  a n ite m 
and subsequen t  choic e option s i s a s follows :  Thi s perso n 
drink s orang e juic e i n th e mornin g an d watche s histor y 
channel . 
A.  Thi s perso n drink s orang e juic e i n th e mornin g an d 

does no t  watc h histor y channe l 
B.  Thi s perso n ha s runnin g shoe s an d doe s no t  smok e 

cigar s 
C.  Thi s perso n doe s no t  drin k orang e juic e i n th e 

moming an d doe s no t  watc h histor y charme l 
D.  Thi s perso n drink s orang e juic e i n th e m o m i n g an d 

watche s histor y channe l 
E.  Thi s perso n doe s no t  drin k orang e juic e i n th e 

moming an d watche s histor y channe l 
F.  Thi s perso n doe s no t  hav e runnin g shoe s an d smoke s 

cigar s 
The participant s wer e presente d wit h booklet s wit h 

experimenta l  tasks .  Th e instructio n aske d the m t o encircl e 
A L L choice s tha t  correspon d t o th e propositio n i f  i t  wa s 
T R UE (Tru e condition )  o r  i f  i t  wa s F A L S E (Fals e 
condition) . 
Procedur e Participant s wer e teste d i n group s rangin g 
fro m 2 0 t o 6 0 participants .  Th e experimen t  wa s 
conducte d i n a  singl e 20-minut e session . 

Results and Discussion 

I n th e Tru e condition ,  th e proportio n o f  correc t 
representation s wa s abov e chanc e fo r  th e conjunctio n 
(Chanc e =  0.167 ;  Confidenc e Interva l  =  .8 8 t o \ ,  p  < 
.001 )  an d th e exclusiv e disjunctio n (Chanc e =  0.03 , 
Confidenc e Interva l  =  . 2 t o .37 ,  p  <  .01) .  Correc t 
performanc e wa s a t  th e chanc e leve l  fo r  th e inclusiv e 
disjunctio n (Chanc e =  0.008 ,  Confidenc e Interva l  =  0  t o 
.16 )  an d fo r  th e bi-conditiona l  (Chanc e =  0.03 , 
Confidenc e Interva l  =  0  t o 0.29) .  Finally ,  th e proportio n 
of  correc t  performanc e wa s belo w chanc e fo r  th e 
conditiona l  (Chanc e =  0.008 ;  Confidenc e Interva l  =  0 , p < 
.05) .  I n th e Fals e condition ,  th e proportio n o f  correc t 
representation s wa s abov e chanc e fo r  th e exclusiv e 
disjunctio n (Chanc e =  0.167 ,  Confidenc e Interva l  =  . 5 t o 
.9 ,  p < .01) ,  an d a t  th e chanc e leve l  fo r  th e othe r  forms . 
Overal l  pattern s o f  response s wer e simila r  t o thos e i n 
Experimen t  1 .  I n th e Tru e condition ,  th e majorit y o f 
error s (mor e tha n 7 5 % )  wer e conversion-to-conjunctio n 
responses ,  wherea s i n th e Fals e conditio n a  larg e numbe r 
of  proposition s wer e represente d a s th e conjunctio n o f 
negation s (abou t  5 5 % ) . 

Experiment 3 

The goa l  o f  thi s experimen t  wa s t o fm d a  remed y fo r 

"conversions-to-conjunctions "  an d "conjunction-of -
negations. "  I f  reporte d error s ste m fro m th e "minimalist " 
representatio n o f  sententia l  connectives ,  the n providin g 
participant s wit h externa l  tool s t o represen t  thes e 
connectives ,  shoul d allo w fo r  mor e complet e 
representations ,  thu s decreasin g th e proportio n o f  errors . 

Method 

Participants ,  Materials ,  an d Procedur e Th e sampl e wa s 
selecte d fro m th e sam e populatio n o f  Ohi o Stat e 
Universit y post-baccalaureat e student s majorin g i n 
education ,  a s th e sampl e fo r  Experimen t  1 .  I t  consiste d o f 
23 Ohi o Stat e Universit y student s ( 5 m e n an d 1 8 w o m e n ; 
M e an ag e =  23. 8 years) .  The y receive d extr a credi t  fo r 
participation .  Th e experimen t  ha d th e sam e materials , 
design ,  an d procedur e a s Experimen t  1 ,  excep t  tha t 
participant s wer e give n sheet s o f  pape r  t o externall y 
represen t  sententia l  cormectives . 

Results and Discussion 

Aggregate d effect s o f  extemalizatio n o n correctnes s o f 
representatio n an d recal l  ar e presente d o n Figure s 3  an d 4 
respectively . 

Extemalizatio n Condition : 

a Shee t 
•  |vJc>Shee t 

FALSE TRU E 
Trut h conditio n 

Figur e 3 :  Effect s o f  extemalizatio n o n representatio n 
aggregate d acros s logica l  forms . 

Extemalizatio n Condition : 

D Shee t 
•  No-Shee t 

FALSE TRU E 
Trut h conditio n 

Figur e 4 .  Effect s o f  extemalizatio n o n recal l  aggregate d 
acros s logica l  forms . 
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As depicte d i n Figur e 3 ,  extemalizatio n ha d positiv e 

effect s i n th e Tru e conditio n (A/„„n,a i  re p =  6.8 ;  M„o.cxi.na i  re p 
= 3.2 )  an d negativ e effect s i n th e Fals e conditio n (M„,jn,„ | 
„ p =  2.4 ;  M„^„„„ ^  „ p =  4.6) .  A  tw o (Trut h condition )  b y 
tw o (Extemalizatio n condition )  between-subject s 
A N O VA indicate d tha t  ther e wa s indee d a  significan t 
Trut h conditio n •  Extemalizatio n interaction ,  F  (1 ,  45 )  = 
42 ,  p  <  .0001 .  A t  th e sam e time ,  th e mai n effec t  o f 
Extemalizatio n wa s non-significant ,  F  (1 ,  45 )  =  2.4 ,  p  = 
.128 . 

Dat a i n Figur e 4  indicat e tha t  i n th e tru e condition , 
recal l  drasticall y increase d wit h th e introductio n o f 
extema l  representation ,  wherea s i n th e fals e condition , 
recal l  rate s remaine d unchanged .  A  2  (Trut h condition )  b y 
2 (Extemalizatio n condition )  between-subject s A N O V A 
indicate d tha t  th e mai n effec t  o f  Extemalizatio n wa s 
significant ,  wit h recal l  rate s wit h extema l  representation s 
i\ f  =  9.2 ,  S D =  4.1 )  highe r  tha n recal l  rate s withou t 
extema l  representation s ( M =  5.9 ,  S D =  2.3) ,  F  (1 ,  45 )  = 
14.6 ,  p  <  .0001 .  Th e mai n effec t  o f  th e Trut h conditio n 
was als o significant ,  F  (1 ,  45 )  =  13.7 ,  p  =  .00 1 an d ther e 
was als o a  significan t  Tmt h conditio n *  Extemalizatio n 
interaction ,  F  (1 ,  45 )  =  l\ ,  p  <  .003 .  Whil e effect s o f 
Extemalizatio n wer e pronounce d i n th e T m e conditio n 
( M „ , ^  nr p =  11.6 ;  M„<^^ . ,  ̂  =  6.0) ,  ther e wer e n o suc h 
effect s i n th e Fals e conditio n (M,„«n, „  ,e p =  6.1 ;  M„<,„„^ ^  ̂. p 
= 5.7) . 

I n short ,  i n Experimen t  3  i t  wa s foun d tha t  i n th e T m e 
condition ,  extema l  representation s lea d t o (a )  a  decreas e 
of  conversion-to-conjunctio n responses ;  (b )  a n increas e i n 
th e numbe r  o f  represente d possibilities ;  (c )  a n increas e i n 
th e percen t  o f  correc t  representation ;  an d (d )  a n increas e 
of  correc t  recall .  Th e result s wer e mor e mixe d fo r  th e 
Fals e condition . 

General Discussion 

As predicted ,  peopl e er r  mor e ofte n whe n problem s ar e 
indeterminate .  Thes e error s exhibi t  a  particula r  pattem : 
peopl e ten d t o constm e "defective "  proble m 
representations ,  truncatin g th e numbe r  o f  alternative s 
compatibl e wit h a  problem .  Second ,  proportion s o f  error s 
when th e tas k i s t o represen t  wha t  i s  T R U E ,  wer e a  mirro r 
imag e o f  th e proportio n o f  error s whe n th e tas k i s t o 
represen t  wha t  i s F A L S E .  Finally ,  a s predicted , 
extemalizatio n o f  relation s denote d b y sententia l 
connective s improve d people' s representation s o f  multipl e 
possibilities . 

Thes e findings  indicat e tha t  participant s tende d t o 
minimiz e th e numbe r  o f  represente d possibilities ,  ofte n 
creatin g a  representatio n wit h jus t  on e possibilit y 
compatibl e wit h th e problem .  W e defin e suc h 
representatio n a  "minimalist "  representation .  On e possibl e 
mechanis m underlyin g th e "minimalist "  representatio n 
coul d b e a  lac k o f  consisten t  representation s o f  logica l 
coimectives .  I n thi s cas e the y woul d creat e identica l  (o r 
similar )  proble m representation s fo r  conjunctiv e an d 
disjunctiv e problems . 

Finding s suppor t  ou r  contentio n tha t  reasonin g error s 
ofte n ste m fro m a n incomplet e o r  "defective "  proble m 

representation .  W e too k specia l  car e t o eliminat e 
alternativ e source s o f  proble m difficulty .  First ,  w e 
constructe d sufficientl y simpl e task s wher e n o solution s 
wer e require d an d wher e ther e wa s n o nee d t o searc h 
throug h memor y o r  proble m spac e o r  t o simultaneousl y 
manipulat e man y item s i n workin g memory .  Furthermore , 
becaus e th e task s hav e a  ver y simpl e linguisti c for m an d 
encodin g wa s controlled ,  w e coul d assum e tha t  error s ar e 
unlikel y t o ste m fro m a n inaccurat e mapping .  Therefore , 
th e likel y remainin g candidat e i s th e tendenc y t o creat e a n 
incomplet e proble m representation ,  althoug h whe n 
problem s ar e mor e difficult ,  othe r  factor s ma y als o affec t 
erro r  rates . 
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