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Representatio n o f  Logica l  F o r m i n M e m o r y 
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Cente r  fo r  Cognitiv e Science ,  an d Schoo l  o f  Teachin g &  Leamin g 

Th e Ohi o Stat e University ,  20 8 Stadiu m Eas t 
196 1 Tuttl e Par k Place ,  Columbus ,  O H 43210 ,  U S A 

Abstrac t 

Current theories of human deductive reasoning make different 
claim s abou t  th e representatio n o f  logica l  statement s i n 
memory.  Syntactically-base d theorie s clai m tha t  abstrac t 
logica l  form s ar e represente d veridicall y i n memory ,  separat e 
from  content ,  wherea s semanti c theorie s propos e tha t  naiv e 
reasoner s represen t  combination s o f  possibilitie s tha t  ar e 
base d o n th e conten t  o f  statements .  W e teste d thes e 
prediction s i n tw o experiment s i n whic h participant s ha d t o 
recal l  an d recogniz e statement s o f  differen t  logica l  forms . 
Result s indicat e tha t  memor y fo r  logica l  for m i s no t  veridical , 
thu s failin g t o suppor t  th e syntacti c view .  I n particular , 
result s sugges t  tha t  naiv e participant s tend ,  wheneve r 
possible ,  t o represen t  onl y a  singl e possibilit y  fo r  a  statemen t 
of  an y logica l  form .  Thes e finding s ar e consisten t  wit h 
semanti c theorie s o f  huma n deductiv e reasonin g an d hav e 
significan t  implication s fo r  al l  theorie s o f  reasoning . 

Introduction 

The ability to reason and derive conclusions is ubiquitous in 
h u m an life ;  however ,  naiv e reasonin g i s  error-pron e (se e 
Evans ,  Newstead ,  &  Byrne ,  1993 ;  Evan s &  Over ,  1996 ; 
Johnson-Laird ,  i n press ;  Johnson-Lair d &  Byrne ,  1991 ,  fo r 
reviews) .  Becaus e thes e error s exhibi t  systemati c an d 
predictabl e patterns ,  w e believ e tha t  th e analysi s o f  thes e 
error s ca n she d ligh t  o n th e mechanis m underlyin g h u m a n 
reasoning . 

Ther e ar e tw o majo r  theoretica l  approache s t o 
prepositiona l  reasoning ,  th e syntax-base d approac h an d th e 
semantics-base d approach .  Accordin g t o th e syntacti c 
approach ,  reasoner s extrac t  th e syntacti c for m o f  th e 
argimien t  an d appl y certai n forma l  rule s o f  inference ,  o r 
inferentia l  schemata ,  t o th e extracte d for m (Brain e & 
O'Brien ,  1991 ;  Rips ,  1994) .  Fo r  example ,  reasoner s easil y 
conclud e tha t  B  i s th e case ,  usin g th e "modu s ponen s 
schema, "  w h e n presente d wit h th e followin g premises : 

A-> B (1( A the n B ) 
A. 
T h e syntacti c approac h thu s hinge s o n assumption s tha t 

reasoner s (a )  veridicall y represen t  informatio n i n th e 
premise s an d (b )  appl y inferentia l  schemat a t o thes e 

representations .  However ,  bot h assumption s ar e no t 
uncontroversial .  Fo r  example ,  accordin g t o th e semanti c 
approach ,  th e untraine d min d i s no t  equippe d wit h forma l 
rule s o f  inference .  Furthermore ,  reasoning ,  t o a  larg e extent , 
i s a  functio n o f  representation s o f  informatio n i n th e 
premises .  I n turn ,  thes e representation s ar e no t  veridica l  bu t 
ar e ofte n incomplet e o r  defectiv e (Johnson-Lair d &  Byrne , 
1991 ;  Evan s &  Over ,  1996 ;  Sloutsky ,  Rader ,  &  Morris , 
1998) . 

I n particular ,  w h e n premise s ar e compatibl e wit h multipl e 
possibilitie s (e.g. ,  A  o r  B ,  o r  both) ,  peopl e ten d t o reduc e th e 
number  o f  represente d possibilitie s i n accordanc e wit h th e 
"principl e o f  truth. "  Th e principl e claim s tha t  peopl e 
normall y represen t  onl y tru e possibilities ,  an d withi n thes e 
possibilitie s the y represen t  onl y thos e proposition s tha t  ar e 
tru e (Johnson-Lair d &  Byrne ,  1991 ;  Yan g &  Johnson-Laird , 
i n press) .  I t  ha s bee n als o argue d tha t  peopl e constru e th e 
"minimalis t  representation, "  discountin g al l  possibilitie s 
excep t  on e (Sloutsky ,  e t  al .  1998 ;  Sloutsk y &  Goldvarg , 
1999) . 

I f  th e assumption s o f  th e syntax-base d approac h ar e true , 
the n peopl e shoul d b e abl e t o extrac t  logica l  for m o f  a 
propositio n an d t o constru e a  veridica l  representatio n o f  thi s 
form .  I f  the y d o constru e suc h veridica l  representation s o f 
th e logica l  form ,  then ,  w h e n th e tas k i s t o remembe r  thes e 
propositions ,  differen t  logica l  form s shoul d generat e 
comparabl e erro r  rates .  Furthermore ,  becaus e peopl e ten d t o 
represen t  form ,  m e m o r y error s shoul d b e a t  leas t  a s likel y t o 
preserv e th e form ,  bu t  no t  th e conten t  o f  propositions ,  a s 
the y shoul d b e t o preserv e th e conten t  bu t  no t  th e form . 

However ,  i f  peopl e d o no t  represen t  proposition s 
veridically ,  construin g instea d th e "minimalis t 
representation, "  the n proposition s tha t  ar e compatibl e wit h 
on e possibilit y  (suc h a s conjunctions )  shoul d generat e fewe r 
error s tha n proposition s tha t  ar e compatibl e wit h multipl e 
possibilitie s (e.g. ,  disjunctions ,  conditionals ,  o r  tautologies ) 
or  t o n o possibilitie s (suc h a s contradictions) .  I n addition ,  i f 
the y d o no t  extrac t  th e logica l  for m o f  th e proposition ,  then , 
w h en committin g errors ,  the y shoul d prefe r  foil s  tha t 
preserv e th e content ,  no t  th e for m o f  propositions .  Th e tw o 
reporte d experiment s wer e designe d t o tes t  thes e prediction s 
vi a examinin g recal l  an d recognitio n o f  proposition s varyin g 
i n thei r  logica l  form . 
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E x p e r i m e n t  1 

M e t h o d 

Participant s Forty-nin e undergraduat e participant s (3. S 
female s an d 1 4 males ,  m e a n ag e =  23. 0 years )  fro m a  larg e 
Midwester n universit y too k par t  i n th e study .  S o m e 
volunteere d i n retur n fo r  extr a credit ,  wherea s other s wer e 
pai d a  smal l  cas h amoun t  fo r  participation . 

Materials A set of 18 pictures and 18 sentences were used 
i n th e experiment .  Eac h picture ,  printe d o n plai n whit e 
pape r  an d laminated ,  measure d approximatel y 4 "  b y 5 "  an d 
depicte d a  black-and-whit e lin e drawin g o f  a  face .  Th e 
picture s wer e mad e t o b e visibl y an d distinctl y different . 
Each sentenc e wa s printe d i n 14-poin t  typ e o n a  sli p o f 
whit e paper ,  measure d approximatel y 1.5 "  b y 5" ,  an d wa s 
laminated .  Eac h sentenc e wa s a  descriptio n o f  a  person ;  th e 
description s alway s starte d wit h th e phras e "Thi s 
professor... "  an d the n continue d wit h eithe r  on e o r  tw o 
clause s tha t  use d simpl e synta x (i.e. ,  ver b an d direc t  object) . 
The 6  one-claus e sentence s include d 3  affirmation s an d 3 
negations ,  an d th e 1 2 two-claus e sentence s include d 3  eac h 
of  th e followin g logica l  forms :  conjunction ,  disjunction , 
tautolog y an d contradiction .  I n th e leamin g phas e (se e 
below )  eac h descriptio n wa s paire d wit h on e picture . 

The othe r  importan t  material s include d 1 8 list s o f 
sentences ,  use d i n th e recognitio n test ,  wit h on e lis t 
correspondin g t o eac h description .  Eac h lis t  include d tha t 
origina l  descriptio n a s wel l  a s 5  critica l  foil s  i n whic h th e 
content s o f  tha t  descriptio n wa s phrased ,  a s closel y a s 
possible ,  i n th e othe r  five  logica l  form s use d i n th e study . 
For  example ,  i f  th e origina l  descriptio n wer e a  tautology ,  th e 
lis t  woul d includ e tha t  descriptio n a s wel l  a s it s conten t 
presente d a s a  contradiction ,  conjunction ,  disjunction , 
negatio n an d affirmation .  Not e tha t  i n som e cases ,  changin g 
th e for m necessaril y  require s addin g o r  deletin g som e 
content .  Fo r  example ,  t o represen t  a  conjunctio n a s a n 
affmnation ,  w e droppe d th e secon d propositio n from  eac h 
conjunction .  Th e othe r  1 2 sentence s o n eac h lis t  include d 
si x tha t  use d th e sam e si x forms ,  bu t  conten t  tha t  appeare d 
i n non e o f  th e origina l  1 8 descriptions .  Finally ,  si x 
sentence s wit h differen t  conten t  an d form s wer e include d o n 
eac h list ,  a s check s o n guessing .  Th e procedur e als o use d a 
stopwatc h t o kee p time . 

Design and Procedure The experiment included two 
within-subjec t  factors ,  Leamin g Tria l  an d Logica l  F o r m o f 
th e sentenc e (affirmation ,  negation ,  conjunction , 
disjunction ,  tautology ,  an d contradiction) .  Also ,  fo r  th e 
recognitio n tes t  only ,  participant s wer e divide d int o tw o 
groups ,  wit h on e grou p teste d o n affirmations ,  conjunctions , 
and tautologies ;  an d th e othe r  o n negations ,  disjunctions , 
and contradictions .  Fo r  eac h participant ,  th e picture -
sentenc e pair s wer e randoml y determined ,  s o tha t  ever y 
participan t  receive d a  uniqu e pairin g o f  picture s an d 
descriptions .  Al l  participant s wer e teste d individually , 
seate d a t  a  smal l  tabl e acros s fro m th e experimenter .  Th e 
procedur e wa s videotape d fo r  subsequen t  analyses . 

The experimen t  comprise d thre e phases ,  a  leamin g phase , 
a distracte r  phase ,  an d a  recognitio n test .  Befor e th e leamin g 
phase ,  th e experimente r  tol d eac h participan t  tha t  sh e woul d 
be aske d t o tr y t o remembe r  a  serie s o f  description s o f 
peopl e i n respons e t o picture s o f  thos e people .  Participant s 
als o wer e tol d t o pa y attentio n t o th e exac t  wordin g o f  th e 
statement s an d tha t  som e o f  die m migh t  soun d odd .  Th e 
leamin g phas e consiste d o f  five  leamin g trials .  O n eac h 
trial ,  th e participan t  first  studie d eac h o f  th e picture-sentenc e 
pairs .  A  pictur e an d it s associate d sentenc e wer e place d o n 
th e tabl e i n fron t  o f  th e participant ,  an d th e participan t  rea d 
th e sentenc e alou d whil e studyin g th e picture .  Onc e th e 
participan t  finished  readin g on e description ,  th e 
experimente r  remove d tha t  picture-descriptio n pai r  an d 
place d th e nex t  pai r  o n th e table .  Thi s procedur e wa s 
repeate d unti l  al l  pair s ha d bee n presented ,  wit h th e orde r  o f 
presentatio n randomized .  Th e experimente r  the n place d on e 
pictur e a t  a  tim e o n th e tabl e an d aske d th e participan t  t o 
recal l  it s  associate d sentence .  Again ,  orde r  o f  presentatio n 
was random .  Afte r  attemptin g t o recal l  eac h picture ,  th e 
participan t  repeate d th e leamin g tria l  sequence ,  unti l  5  trial s 
wer e complete . 

Th e nex t  phas e wa s a  5-minut e distracte r  task ,  durin g 
whic h th e participan t  complete d mat h wor d problems . 
Followin g th e distracte r  task ,  th e participan t  wa s presente d 
wit h th e recognitio n test .  Eac h participan t  wa s presente d 
wit h 6  o f  th e recognitio n lists ,  wit h tw o list s fo r  eac h o f  th e 
thre e form s i n tha t  participant' s bloc k (eithe r  affirmations , 
conjunctions ,  an d tautologies ;  o r  negations ,  disjunctions , 
an d contradictions) .  Ever y participan t  receive d a  uniqu e 
combinatio n o f  lists ,  s o tha t  eac h description' s lis t  wa s 
give n t o a  roughl y equa l  nimibe r  o f  participants ,  bu t  n o tw o 
participant s receive d th e sam e combinatio n o f  Usts .  Th e 
experimente r  informe d th e participan t  tha t  sh e shoul d 
decide ,  fo r  eac h sentenc e o n th e list ,  whethe r  i t  ha d bee n 
paire d wit h a  pictur e o r  not ,  an d t o plac e a  chec k nex t  t o 
thos e sentence s believe d t o hav e bee n presente d earlier . 
Participant s coul d tak e a s m u c h tim e a s desire d t o finish  thi s 
task ,  whic h wa s alway s complete d i n 3- 5 minutes . 
Followin g thi s tas k th e experimente r  debriefe d th e 
participant . 

Results and Discussion 
Dependen t  variable s fo r  thes e analyse s include d 
participants '  recall s i n th e leamin g phas e an d thei r  choice s 
i n th e recognitio n test .  I n al l  repeate d measure s analyse s o f 
varianc e t o b e reporte d i n thi s an d Experimen t  2 ,  onl y 
effect s tha t  wer e significan t  afte r  applyin g th e Geisser -
Greenhous e correctio n t o degree s o f  freedom  i n th e F  test s 
ar e reported .  Additionally ,  al l  pairwis e comparison s 
reporte d i n bot h experiment s wer e compute d wit h th e 
Bonferron i  correctio n t o th e overal l  alph a rat e o f  .05 . 
Participants '  gende r  i s omitte d becaus e n o significan t 
difference s emerge d i n preliminar y analyses . 

We first  examine d number s o f  correc t  response s acros s 
trial s an d form s i n th e leamin g phase .  A  5  (Trial )  X  6 
(Form )  A N O V A,  wit h repeate d measure s o n bot h factors , 
yielde d mai n effect s o f  Trial ,  F(4 ,  192 )  =  428.245 ,  p  <  .001 ; 
o f  Form ,  F(5 ,  240 )  =  47.311 ,  p  <  .001 ;  an d a  significan t 
interaction ,  F(20 ,  960 )  =  7.951 ,  p  <  .001 .  W e als o 
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performe d simpl e effect s analyse s o f  eac h Trial ,  followin g 
thes e wit h pairwis e contrast s examinin g mea n difference s 
among Forms .  Thes e analyse s reveale d that ,  o n Tria l  1 , 
atomi c proposition s an d logica l  constant s wei c recalle d a t 
highe r  rate s tha n conjunction s an d disjunctions ,  wit h th e 
first  fou r  form s no t  differin g fro m on e another .  O n 
subsequen t  trials ,  however ,  th e overal l  mea n difference s b y 
for m reporte d belo w wer e largel y established . 
Consequently ,  an d fo r  th e sak e o f  brevity ,  w e repor t 
difference s amon g th e overal l  means ,  show n i n Figur e 1 . 

« 0.7 5 

Af f  Ne g Con j  Dis j  Tau t  Contr a 

Logical Form 

Figur e 1 :  M e a n correc t  recal l  b y logica l  form ,  collapse d 
ove r  trials . 

Note that atomic statements (affirmations and negations) 
wer e recalle d bette r  tha n composit e statements ,  whic h i s no t 
surprisin g give n tha t  the y involv e on e propositio n an d n o 
connective .  Pairwis e comparison s showe d tha t  affmnation s 
( M =  1.89 ,  S D =  .50 )  wer e recalle d significantl y bette r  tha n 
al l  othe r  form s excep t  negation s (A /  =  1.78 ,  S D =  .45) ,  al l 
significan t  Fs(l,48 )  >  25,p s <  .001 .  Negations ,  i n turn ,  wer e 
als o recalle d a t  significand y highe r  rate s tha n conjunction s 
(A /  =  1.14 ,  5 D =  .51) ,  disjunction s ( M =  .82 ,  S D =  .50) , 
tautologie s ( M =  1.38 ,  S D =  .55 )  an d contradiction s (A /  = 
.74 ,  S D =  .64) ,  al l  Fs(l ,  48 )  >  50 ,  p s <  .001 .  Conjunction s 
wer e recalle d a t  significantl y highe r  rate s tha n disjunctions , 
F(l ,  48 )  =  4.84 ,  p  =  .002 ;  an d contradictions ,  F(l ,  48 )  = 
8.00,/ 7 <  .001 .  Recal l  rate s fo r  conjunction s an d tautologie s 
di d no t  differ ,  F(l ,  48 )  <  1 ,  NS .  Tautologie s wer e recalle d 
significantl y mor e ofte n tha n disjunction s an d 
contradictions ,  Fs(l ,  48 )  =  14.4 4 an d 19.70 ,  respectively ,  p s 
< .001 .  Finally ,  recal l  rate s o f  disjunction s an d 
contradiction s di d no t  diffe r  significantly ,  F {  1 ,  48 )  <  1 ,  NS . 

A secon d analysi s focuse d upo n recal l  error s involvin g 
substitution s o f  th e logica l  connective s "and "  an d "or; "  fo r 
example ,  recallin g a  conjunctio n a s a  disjunctio n b y usin g 
"or. "  W e refe r  t o suc h error s a s conversion s becaus e the y 
conver t  a  statement' s logica l  form .  Conversion s occu r  whe n 
th e conten t  i s correctl y recalled ,  bu t  th e cormectiv e i s not . 
Thi s analysi s use d onl y recal l  attempt s fo r  th e compoun d 
propositions ,  becaus e suc h error s ar e no t  possibl e wit h 

atomi c statements .  A  5  (Trial )  X  4  (Form )  A N O V A,  wit h 
repeate d measure s o n bot h factors ,  reveale d significan t 
effect s o f  Trial ,  F(4 ,  192 )  =  30.09 ,  p  <  .001 ;  o f  Form ,  F(3 , 
144 )  =  37.10 ,  p  <  .001 ;  an d a  For m X  Tria l  interaction , 
F(12 ,  576 )  =  4.54 ,  p  <  .001 .  W e wil l  focu s o n th e For m 
effect ,  becaus e inspectio n o f  th e interactio n showe d i t  t o b e 
a functio n o f  contradictions '  increasin g likelihoo d o f  bein g 
converte d ove r  succeedin g trials .  Conversion s fo r 
conjunctions ,  disjunctions ,  an d tautologie s di d no t  increas e 
nearl y a s muc h ove r  trials ,  an d th e relativ e orderin g o f 
conversio n rate s o f  thes e form s wa s consistent ;  simpl e 
effect s analyse s o f  conversio n rate s b y for m o n eac h tria l 
reveale d n o significan t  cross-over s amon g thes e thre e forms . 
Means fo r  eac h for m ar e presente d i n Figur e 2 . 

1.5 0 

1.25 
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I  1.0 0 

I 0.75 
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0.00 B E 

Conj  Dis j  Tau t  Contr a 

Logical Form 

Figur e 2 :  M e a n conversion s b y logica l  form ,  collapse d ove r 
trials . 

Pairwise comparisons following up the main effect of 
For m reveale d tha t  conjunction s { M =  .19 ,  S D =  .25 )  wer e 
significantl y les s likel y t o b e converte d tha n disjunction s { M 
= .54 ,  S D =  .43) ,  tautologie s (A /  =  .42 ,  S D =  .48) ,  an d 
contradiction s ( M = I A 5 , S D =  .61) ,  al l  Fs{\ ,  48 )  >  8.2,p s < 
.006 .  Disjunction s an d tautologie s wer e bot h les s likel y t o 
be converte d tha n contradictions ,  Fs(l ,  48 )  =  31.8 8 an d 
28.69 ,  respectively ,  p s <  .001 .  Finally ,  disjunction s an d 
tautologie s di d no t  diffe r  i n thei r  conversio n rates . 

We n o w tur n t o th e recognitio n tes t  results .  I n contras t  t o 
th e recal l  data ,  thes e dat a indicat e a  substantia l  abilit y  t o 
remember  th e for m an d conten t  o f  a  statement .  Separat e 
binomia l  test s comparin g th e number s o f  hit s an d fals e 
alarm s fo r  eac h for m reveale d tha t  subjects '  hi t  rate s fo r 
affirmation s (93%) ,  negation s (91%) ,  conjunction s (71%) , 
disjunction s (78%) ,  an d contradiction s (64% )  wer e 
significantl y greate r  tha n fals e alar m rates ,  al l  z s >2.21,p s < 
.02 .  Th e hi t  rat e fo r  tautologie s (55% )  di d no t  diffe r  from 
th e false-alar m rate ,  however ,  z  =  .80 ,  p  >  .20 .  Inspection s 
of  fals e alarm s reveale d tha t  9 6 % o f  al l  fals e alarm s wer e 
thos e i n whic h th e conten t  exactl y matche d th e origina l 
statemen t  bu t  th e connectiv e wa s wron g (e.g. ,  acceptin g a 
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disjunctio n whe n th e origina l  statemen t  wa s a  conjunction) . 
Participants '  abilit y  t o selec t  statement s wit h precisel y th e 
origina l  conten t  wa s thu s ver y good ,  an d abilit y  t o selec t 
correc t  form s wa s als o notable .  Thes e result s disagre e 
sharpl y wit h th e learnin g phas e dat a i n tw o ways .  First ,  ni ) 
particula r  advantag e exist s fo r  conjunction s relativ e t o th e 
othe r  compoun d forms .  Also ,  tautologie s coul d no t  b e 
discriminate d fro m contradiction s wit h th e sam e content , 
wherea s tautologie s wer e recalle d a s wel l  a s conjunction s i n 
th e learnin g phase . 

The learnin g phas e dat a largel y suppor t  ou r  hypothese s 
and replicat e earlie r  wor k wit h compoun d statement s 
(Sloutsky ,  e t  al. ,  1998) ,  bu t  th e recognitio n dat a rais e 
questions .  I n recall ,  conjunction s wer e significantl y mor e 
likel y t o b e recalle d tha n disjunction s an d contradictions , 
and wer e les s likel y t o b e converte d tha n al l  othe r 
compoun d forms .  Th e lac k o f  a  differenc e betwee n 
tautologie s an d conjunction s i n recal l  wa s no t  predicted . 
Possibly ,  som e participant s m a y hav e bee n unsur e o f  th e 
connectiv e use d bu t  wer e avers e t o producin g contradiction s 
(se e Lakoff ,  1971) .  Th e findin g tha t  atomi c statement s wer e 
easie r  t o recal l  tha n al l  compoun d statement s i s no t 
surprisin g give n tha t  atomi c statement s d o no t  involv e a 
connectiv e an d ar e shorter . 

The recognitio n dat a no t  onl y indicate d overal l  bette r 
memory (thi s findin g i s trivia l  o n it s own )  bu t  als o indicate d 
tha t  th e relativ e accuracie s i n m e m o r y fo r  tautologie s an d 
contradiction s switched ,  compare d t o recall .  W e suspecte d 
tha t  th e overal l  improvemen t  an d perplexin g change s wit h 
tautologie s an d contradiction s partiall y  stemme d firo m th e 
recognitio n tes t  itsel f  (i.e. ,  presentin g separat e list s fo r  eac h 
statement ,  wit h onl y on e correc t  answe r  pe r  list) .  I n 
Experimen t  2 ,  w e mad e th e recognitio n tes t  somewha t  mor e 
comple x b y testin g participant s fo r  al l  origina l  statements . 
We als o assesse d recognitio n performanc e afte r  varyin g 
number s o f  learnin g trial s becaus e fiv e trial s allo w m a n y 
opportunitie s fo r  rot e memorization .  Wit h thes e 
modification s w e coul d bette r  tes t  ou r  origina l  hypothesi s 
wit h respec t  t o recognitio n memory . 

E x p e r i m e n t  2 

Me tho d 

Participant s Forty-fiv e undergraduat e participant s (2 5 
femal e an d 2 0 male ,  mea n ag e =  19. 3 years )  fro m a  larg e 
Midwester n universit y volunteere d fo r  th e experimen t  i n 
partia l  fulfillmen t  o f  a  cours e requirement .  Fiftee n 
participant s wer e assigne d t o eac h Learnin g Tria l  condition . 

Materials All materials were the same as Experiment 1 
excep t  th e recognitio n test .  Th e n e w tes t  include d th e 
origina l  1 8 description s an d th e fiv e foi l  statement s 
associate d wit h eac h descriptio n fro m th e list s o f 
Experimen t  1 .  Th e tes t  als o include d th e si x foi l  statement s 
associate d wit h eac h descriptio n tha t  involve d th e sam e 
logica l  form s bu t  differen t  content .  Overall ,  th e tes t 
consiste d o f  21 6 items .  Th e different-content ,  different -
for m distracter s fro m Experimen t  1  wer e no t  include d 

becaus e result s o f  tha t  stud y an d a  pilo t  stud y o f  thi s 
experiment ,  usin g onl y on e learnin g trial ,  showe d tha t  thes e 
item s wer e neve r  chosen .  Th e tes t  wa s presente d a s a n 
eiglit-pag e typewritte n packet ,  an d sentence s wer e randoml y 
ordered . 

Design and Procedure The experiment included one 
within-subjec t  factor .  Logica l  Form ,  an d on e between -
subjec t  factor .  N u m b e r  o f  Learnin g Trial s (1 ,  3 ,  o r  5) . 
Instruction s t o participant s wer e th e sam e a s Experimen t  1 . 
Th e learnin g phas e als o followe d th e sam e procedure ,  wit h 
eac h participan t  receivin g eithe r  one ,  three ,  o r  five  trials . 
Th e distracte r  an d recognitio n phase s wer e th e sam e a s 
Experimen t  1 . 

Results 
Gender  i s agai n omitte d becaus e n o suc h difference s 
emerged .  W e initiall y  conducte d a  2  (Numbe r  o f  Trials :  3 
or  5 )  X  6  (Form )  mixe d A N O V A o n numbe r  o f  correc t 
recall s durin g th e learnin g phas e o n th e las t  tria l  fo r  eac h 
group .  Th e 1-tria l  grou p wa s omitte d because ,  perhap s 
owin g t o a  smalle r  sampl e size ,  i t  contribute d virtuall y n o 
varianc e (participant s i n thi s grou p largel y recalle d nothing , 
and i n th e recognitio n tes t  the y chos e m a n y o f  th e different -
conten t  foils ,  indicatin g tha t  th e tas k wa s perhap s to o 
difficul t  fo r  them) .  Th e recal l  dat a paralle l  thos e i n 
Experimen t  1 ,  s o w e d o no t  repor t  the m here . 

For  th e recognitio n results ,  w e analyze d accurac y fo r  eac h 
logica l  form ,  operationalize d fo r  eac h participan t  a s (Hit s -
Fals e alarms)/3 .  Suc h a  computatio n put s accurac y o n a 
scal e rangin g fro m - 1 t o +1 ,  whic h wa s appropriat e becaus e 
overal l  frequencie s o f  acceptance s fo r  eac h for m varie d 
somewhat .  Accurac y varie s withi n th e rang e [-1 ,  +1 ] 
becaus e ever y participan t  chos e onl y som e combinatio n o f 
correc t  choice s an d same-content ,  wrong-coimectiv e foils ; 
n o othe r  distracter s wer e chosen .  Accurac y dat a ar e 
presente d i n Figur e 3 . 
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Figur e 3 :  M e a n recognitio n accurac y b y form . 
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A 2  (Numbe r  o f  Trials )  X  6  (Form )  A N O V A o n accurac y 
yielde d onl y a  mai n effec t  o f  Form ,  F(5 ,  140 )  =  16.65 ,  p  < 
.001 .  Numbe r  o f  trial s an d th e interactio n wer e no t 
significant ,  F(l ,  28 )  =  1.2 1 an d F(5 ,  140 )  =  1.02 , 
respectively ,  /) s >  .25 .  Pairwis e comparison s o f  thes e 
means reveale d highe r  accuracie s fo r  affirmation s ( M =  .82 , 
SD =  .29 )  tha n fo r  al l  compoun d forms ,  al l  Fs(l ,  28 )  >37 ,  p s 
< .001 .  Negation s ( M =  .75 ,  S D =  .30 )  als o ha d highe r 
accuracie s tha n al l  compoun d forms ,  al l  Fs(l ,  28 )  >  30 ,  p s < 
.001 .  Affirmation s an d negation s di d no t  diffe r 
significantly .  N o mea n difference s amon g conjunction s ( M 
= .31 ,  S D =  .47) ,  disjunction s ( M =  .14 ,  S D =  .61) , 
tautologie s ( M =  .08 ,  S D =  .49) ,  o r  contradiction s ( M =  .03 , 
SD =  .65 )  wer e significant .  Fo r  eac h form ,  /-test s 
comparin g mea n accurac y t o 0  showe d tha t  accurac y wa s 
significantl y greate r  tha n zer o fo r  affirmation s an d 
negations ,  rs(29 )  >  13 ,  p s <  .001 .  Mea n accurac y fo r 
conjunction s wa s als o significantl y greate r  tha n zero ,  /(29 )  = 
3.64 ,  p  =  .001 .  Fo r  th e othe r  thre e forms ,  accurac y di d no t 
diffe r  significantl y fro m zero ,  al l  r s <  1.28 ,  p s >  .2 . 

General Discussion 

Take n together ,  bot h experiment s offe r  som e suppor t  t o th e 
hypothesi s tha t  reasoner s ten d t o construc t  a  single , 
conjunctiv e representatio n o f  possibilitie s fo r  compoun d 
propositions .  I n Experimen t  1 ,  conjunction s wer e mor e 
accuratel y recalle d tha n al l  othe r  compoun d form s excep t 
tautologies ,  an d participant s converte d conjunction s les s 
ofte n tha n al l  othe r  compoun d forms .  Th e advantag e fo r 
conjunctio n i n recal l  als o support s th e ide a tha t 
conjunctions ,  bein g mor e informativ e tha n othe r  compoun d 
forms ,  shoul d b e easies t  t o lea m (se e Sloutsky ,  e t  al. ,  1998) . 
Tautologie s wer e recalle d a s accuratel y a s conjunctions ,  bu t 
wer e nevertheles s mor e likel y t o b e converted .  A s 
discusse d earlier ,  th e hig h recal l  rat e fo r  tautologie s (an d th e 
lowe r  rat e fo r  contradictions )  ma y partiall y  hav e resulte d 
from  a n aversio n t o producin g contradictor y statement s 
when th e correc t  connectiv e wa s i n doubt .  Recognitio n of , 
and aversio n to ,  contradictio n i s believe d t o b e a  basi c par t 
of  logica l  competenc e (Macnamara ,  1986) .  I n Experimen t 
2,  althoug h mea n recognitio n accuracie s fo r  al l  compoun d 
form s wer e lowe r  tha n thos e fo r  atomi c forms ,  an d di d no t 
diffe r  from  on e another ,  onl y accurac y fo r  conjunction s wa s 
significantl y greate r  tha n zero .  Thes e dat a sugges t  tha t 
participant s ma y hav e bee n les s likel y t o fals e alar m o n 
same-content ,  wrong-connectiv e foil s  wit h conjunction s 
tha n wit h othe r  compoun d forms .  Suc h a  patter n woul d b e 
expecte d i f  conjunction s ar e easie r  t o commi t  t o memor y 
and involv e les s uncertaint y i n a  recognitio n task . 

Our  dat a d o no t  suppor t  th e clai m tha t  naiv e reasoner s 
posses s a  stoc k o f  syntacti c inferenc e schemat a i n long-ter m 
memory (Rips ,  1994) .  Suc h a  theor y woul d hav e t o predict , 
fo r  thes e tasks ,  tha t  memor y error s alterin g a  statement' s 
logica l  for m shoul d b e randoml y distribute d ove r  form s 
becaus e al l  form s (excep t  possibl y tautologie s an d 
contradictions )  shoul d b e available .  Th e patte m o f  memor y 
errors ,  a t  leas t  i n recall ,  als o question s th e clai m tha t  peopl e 
automaticall y pars e sentence s fo r  thei r  logica l  form s 
(Braine ,  1990) ,  agai n becaus e conjunction s see m t o b e 

privilege d wit h respec t  t o othe r  compoun d forms .  A  criti c 
migh t  clai m tha t  disjunctions ,  tautologies ,  an d 
contradiction s ar e les s acceptabl e tha n conjunction s an d 
may b e subjec t  t o "normalization "  i n comprehension ;  tha t  is , 
the y ma y b e altere d int o th e mor e accepte d forma t 
(Fillenbaum ,  1977) .  Thi s vie w canno t  predict ,  however , 
difference s i n recal l  amon g thes e forms ,  whic h w e found . 
Also ,  eve n som e conjunction s hav e n o "commo n topic "  tha t 
makes the m sensibl e (Lakof f  1971 ,  p .  116) .  Becaus e 
disjunction s an d conjunction s i n thes e experiment s wer e 
intentionall y constructe d t o contai n tw o unrelate d 
propositions ,  pragmati c explanation s canno t  easil y accoun t 
fo r  th e recal l  results . 

Thes e result s d o no t  necessaril y  impug n th e clai m tha t 
parsin g int o logica l  for m occur s i n a n autonomous ,  on-lin e 
fashio n (Lea ,  1995);  possibly ,  syntacti c abstractio n doe s 
occu r  bu t  logica l  synta x i s quickl y discarde d i n favo r  o f  a 
semanti c representation .  However ,  ou r  experiment s mak e 
th e clai m fo r  menta l  logi c mor e elusive .  Investigation s o f 
recognitio n a t  varyin g interval s afte r  presentation ,  from 
immediat e tes t  t o substantia l  delays ,  wil l  hel p settl e th e 
issue ,  a s wil l  investigation s int o whethe r  logica l  inference s 
putativel y represente d a s procedura l  mle s respon d t o 
experimenta l  manipulation s i n way s consisten t  wit h mle -
based ,  autonomou s processe s (Smith ,  Langston ,  &  Nisbett , 
1992) .  W e ar e currentl y conductin g bot h type s o f 
investigations . 
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