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Abstrac t 

Deduction is a high level cognitive ability which has not 
been muc h analyze d i n neuropsychology .  Cognitiv e psy -
chologist s an d cognitiv e scientist s strongl y debat e th e na -
tur e o f  th e menta l  processe s involve d i n deductiv e reason -
ing .  A  theor y particularl y pertinen t  t o th e neuropsycholog y 
of  thinkin g i s Menta l  Mode l  Theory ,  whic h postulate s th e 
use o f  analogica l  representation s i n reasoning .  Studie s o n 
unilatera l  neglec t  i n neuropsycholog y sho w tha t  th e righ t 
hemispher e i s involve d i n analogica l  representations .  O n 
thes e theoretica l  base s w e mak e a  critica l  predictio n abou t 
th e rol e o f  th e right  hemispher e i n reasoning .  Thi s pape r 
investigate s th e abilit y o f  right-brain  damage d patient s t o 
deal  wit h tw o mai n sort s o f  deduction :  syllogisti c an d 
relationa l  reasoning .  Ou r  result s sugges t  a  significan t 
involvemen t  o f  th e right  hemispher e i n reasoning .  Also ,  a s 
fa r  a s syllogisti c reasonin g i s concerned ,  th e result s allo w 
fo r  th e existenc e o f  a  verba l  component ,  besid e th e 
analogica l  one . 

1. Introduction 

Deductiv e abilit y i s  th e h u m a n capacit y t o dra w 
conclusion s from  premises ,  dependin g o n thei r  form .  A 
vali d deductio n i s on e wher e th e conclusio n i s tru e give n 
tha t  th e premise s ar e true .  I n thi s pape r  w e focu s o n tw o 
sort s o f  deduction ,  relationa l  an d syllogisti c reasoning . 

We investigat e relationa l  reasonin g throug h three-ter m 
serie s problems .  The y consis t  o f  tw o premise s an d a 
conclusion ;  eac h premis e refer s t o tw o term s linke d b y a 
transitiv e relation .  O n e ter m i s share d b y th e premise s an d 
allow s t o dra w a  conclusio n concernin g th e relatio n 
betwee n th e othe r  terms .  A n exampl e i s th e problem : 

[1] Ann is taller than Bob 
B o b i s talle r  tha n Car l 

Therefore ,  A n n i s talle r  tha n Car l 

Syllogistic reasoning consists in drawing a conclusion 
from  couple s o f  quantifie d premises .  Eac h premis e ca n 
hav e th e followin g forms :  universa l  affirmativ e (Al l  o f  th e 
X ar e y) ,  particula r  affirmativ e (Som e o f  th e x  ar e y) , 
universa l  negativ e (Non e o f  th e x  i s a  y) ,  an d particula r 
negativ e (Som e o f  th e x  ar e no t  y) .  A n exampl e i s th e 
syllogism : 

[2] All the architects are bakers 
N o ne o f  th e baker s i s a  chemis t 

Therefore ,  non e o f  th e architect s i s a  chemis t 

Th e tw o premise s shar e a  c o m m o n term ,  th e so-calle d 

'middle '  ter m B  -  an d the y ca n hav e fou r  differen t  arrange -
ment s (o r  figures' )  o f  thei r  terms :  A B - B C ,  B A - C B ,  A B -
C B,  an d B A - B C . 

Recen t  researche s i n neuropsycholog y argu e tha t  a 
damage t o th e righ t  hemispher e impair s patients '  abilit y t o 
make deductions .  I n a  stud y o n conditiona l  reasoning , 
Whitake r  e t  at .  (1991 )  an d Savar y etal .  (1992 )  foun d tha t 
right-brai n damage d patient s (hereafter ,  right-patients ) 
wer e poore r  tha n left-hemispher e damage d a t  reasonin g 
fro m fals e conditiona l  premises ;  i n particular ,  the y wer e 
unabl e t o dra w inference s independentl y o n thei r  worl d 
knowledge .  Thus ,  th e author s clai m tha t  th e righ t 
hemispher e i s responsibl e fo r  reasonin g deductively ,  tha t 
i s  independentl y o n th e conten t  o f  th e problem . 
Caramazz a e t  al .  (1976 )  hav e show n tha t  right-patient s 
hav e problem s eve n i n deducin g th e convers e o f  relation s 
i n problem s o f  th e followin g kind : 

[3] John is taller than Bill 
W ho i s shorter ? 

In line with this result. Read (1981) carried out a study on 
righ t  patient s an d conclude s tha t  the y ar e impaire d wit h 
three-ter m serie s problem s suc h a s [I] . 

Degli n an d Kinsbourn e (1996) ,  i n contras t  wit h th e 
previou s studies ,  clai m tha t  peopl e reaso n logicall y unde r 
righ t  hemispher e suppression ,  an d the y reaso n empiricall y 
(especiall y fo r  familia r  content )  unde r  lef t  hemispher e 
suppression .  Thus ,  th e author s clai m tha t  th e lef t 
hemispher e i s responsibl e fo r  reasonin g deductively . 

I n orde r  t o brin g ne w evidenc e o n thi s issue ,  w e devise d 
a n e w experimen t  t o mor e deepl y investigat e right-patient s 
abilit y  t o reaso n deductively . 

I n Sectio n 2  w e shal l  briefl y presen t  th e mai n cognitiv e 
theorie s o f  deduction .  I n Sectio n 3  w e presen t  ou r 
experiment ,  an d th e results .  Discussio n an d conclusion s 
ar e i n Sectio n 4 . 

2. Cognitive Theories of Deduction 

Cognitiv e scientist s hav e propose d thre e mai n classe s o f 
theor y abou t  deduction : 
1.  Rule s o f  inference ,  eithe r  forma l  rule s (Brain e & 
Rumain ,  1983 ;  Rips ,  1994 )  o r  content-specifi c  rule s (Bar -
Hillel ,  1967 ;  Clark ,  1969) . 
2.  Verba l  processes ,  suc h a s encodin g an d decodin g o f  th e 
verba l  informatio n give n i n a  problem' s premise s (Pol k & 
Newell ,  1995) . 
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3.  Analogica l  representations ,  constructe d an d manipu -
late d b y semanti c procedure s (e.g .  D e Soto ,  Londo n & 
Handel ,  1965) . 

Th e latte r  approach ,  unlik e th e others ,  assume s ilui t  th e 
majo r  componen t  o f  reasonin g i s nonverbal .  I n li s 
perspective ,  deductio n ha s nothin g t o d o wit h constructin g 
chain s o f  inferenc e usin g menta l  rule s (se e theorie s i n 1) . 
Further ,  th e analogica l  approac h claim s tha t  languag e 
comprehensio n an d generatio n d o no t  accoun t  fo r  th e 
entir e rang e o f  deductiv e phenomen a (se e theorie s i n 2) . 
Deductiv e reasonin g i s considere d a  semantic ,  rathe r  tha n 
syntacti c process :  i t  involve s constructio n o f  analogica l 
representation s i n som e cognitiv e space .  Th e actua l 
menta l  representation s m a y tak e th e for m o f  Eule r  circle s 
(Erickson ,  1974 ;  Ford ,  1994 ;  Stennin g &  Oberlander , 
1995) .  Alternatively ,  the y coul d b e menta l  model s 
(Johnson-Laird ,  1983 ;  Johnson-Lair d &  Byrne ,  1991) . 

Th e tenet s o f  th e analogica l  approach ,  togethe r  wit h 
earlie r  neuropsychologica l  data ,  provid e a  majo r 
prediction .  I f  i t  i s  tru e tha t  th e manipulatio n o f  analogi c 
representation s depend s o n th e righ t  hemisphere ,  a s som e 
neuropsychologica l  studie s o n unilatera l  neglec t  an d 
visua l  imager y sugges t  (e.g. ,  Bisiac h &  Luzzatti ,  1978 ; 
Farah ,  1984) ,  the n patient s wit h righ t  hemispher e damag e 
shoul d find  i t  har d bot h t o reaso n abou t  abstrac t  matter s 
and t o reaso n abou t  topic s tha t  ar e eas y t o visualize .  Ou r 
ai m i s t o tes t  thi s prediction . 

We shal l  follo w th e tenet s o f  Menta l  Mode l  Theor y 
( M M T:  Johnson-Laird ,  1983 ;  Johnson-Lair d &  Byrne , 
1991) ,  a s i t  i s  th e onl y proposa l  insid e th e analogi c 
paradig m t o accoun t  fo r  bot h syllogisti c an d relationa l 
reasoning .  Hence ,  w e assum e tha t  reasonin g consist s i n 
constructin g an d manipulatin g menta l  models .  A  mode l  i s 
a representatio n wit h a  structur e correspondin g t o th e 
structur e o f  th e stat e o f  affair s i t  represents . 

A theor y o f  deductiv e reasonin g ough t  t o explai n tw o 
mai n phenomena :  (a )  som e problem s ar e easie r  tha n 
others ;  (b )  ther e exis t  consisten t  pattern s o f  errors , 
commonl y draw n b y th e reasoners .  M M T account s fo r  th e 
tw o phenomena .  W e illustrat e th e theor y o n th e syllogisti c 
domai n (cfr .  Bucciarell i  &  Johnson-Laird ,  1998) ,  bu t  th e 
same procedure s als o appl y t o th e relationa l  domain . 
Consider ,  fo r  instance ,  th e syllogism : 

[4] AH of the architects are bankers 
None o f  th e banker s i s a  chemis t 

None o f  th e architect s i s a  chemis t 

M MT claim s tha t  th e reasone r  start s b y constructin g a 
menta l  mode l  fo r  eac h premis e (constructio n phase) .  Th e 
stat e o f  affair s describe d b y th e first  premis e i n [4 ]  i s 
analogicall y represente d b y th e model : 

[architect ]  banke r 
[architect ]  banke r 

wher e eac h lin e correspond s t o a n individual .  Th e menta l 
footnot e denote d b y th e squar e bracket s -  denote s tha t 
th e se t  o f  architect s ha s bee n represente d i n it s entirety . 
Hence ,  i f  n e w entitie s ar e introduce d int o th e model ,  the y 

canno t  b e architects .  Th e secon d premis e ha s a  mode l  o f 
th e form : 

[banker ] 
[banker ] 

-chemis t 
-chemis t 
[chemist ] 
[chemist ] 

The mode l  explicitl y  represent s th e banker s a s no t 
chemists .  Th e secon d ste p i n th e reasonin g proces s i s th e 
integratio n o f  th e model s o f  th e premise s i n a  singl e 
representation ,  b y overlappin g th e item s identica l  i n th e 
tw o model s {integratio n phase) .  I n ou r  example ,  th e 
integratio n produce s th e model : 

[architect ] 
[architect ] 

[banker ]  -chemis t 
[banker ]  -chemis t 

[chemist ] 
[chemist ] 

Th e mode l  support s th e putativ e conclusio n "Non e o f  th e 
architect s i s a  chemist' ,  o r  viceversa .  I n fact ,  th e 
conclusio n coul d b e erroneous ;  i t  coul d b e possibl e t o find 
an alternativ e mode l  o f  th e premise s wher e th e conclusio n 
doe s no t  hold .  Thus ,  a n exhaustiv e searc h fo r  al l  possibl e 
integrate d model s o f  th e premise s guarantee s fro m 
erroneou s conclusion s (falsificatio n phase) .  However ,  i n 
syllogis m [4 ]  falsificatio n produce s n o alternativ e model s 
of  th e premises ,  an d th e initia l  putativ e conclusio n ca n b e 
correctl y drawn .  N o w conside r  syllogis m [5] . 

[5] None of the aviators is a baker 
S o me o f  th e baker s ar e contortionist s 

Some of the contortionists are not aviator 

The model of the first premise is: 

[aviator] -baker 
[aviator ]  -bake r 

[baker ] 
[baker ] 

The model of the second premise is: 

contortionist bake r 
bake r 

contortionis t 

I t  represent s thre e sort s o f  individual :  on e bake r  an d 
contortionist ,  on e baker ,  on e contortionist .  A  first  integra -
tio n o f  th e model s o f  th e premise s yield s th e followin g 
model : 

387 



I  aviator ]  -bake r 
(aviator )  -bake r 

[baker ]  contortionis t 
[baker ] 

contortionis t 

which supports the putative conclusion "None of the 
aviator s i s a  contortionist" ,  o r  viceversa .  I f  falsificatio n i s 
not  attempted ,  suc h a  conclusio n i s erroneousl y drawn .  I n 
fact ,  falsificatio n woul d produc e th e followin g model : 

[aviator] -baker contortionist 
[aviator ]  -bake r 

[baker ]  contortionis t 
[baker ] 

contortionis t 

where the putative conclusion does not hold. The model 
support s th e conclusio n "Som e o f  th e aviator s ar e no t 
contortionist' .  A s a  matte r  o f  fact ,  falsificatio n produce s 
als o th e followin g model : 

[aviator ]  -bake r 
[aviator )  -bake r 

[baker ] 
[baker ] 

contortionis t 
contortionis t 
contortionis t 

contortionist 

Th e correc t  conclusio n i s th e on e tha t  hold s i n al l  th e 
possibl e integrate d model s o f  th e premises ,  namel y "Som e 
of  th e contortionist s ar e no t  aviator' .  So ,  i n orde r  t o dra w 
th e coirec t  conclusio n i t  i s  necessar y t o produc e al l  th e 
possibl e integrate d models . 

T o s u m up ,  M M T claim s tha t  peopl e ar e abl e t o reaso n 
deductivel y becaus e the y construc t  an d manipulat e th e 
analogica l  representation s o f  th e premises .  Th e theor y 
predict s tha t  problems '  difficult y depend s o n th e numbe r 
of  model s tha t  th e reasone r  ha s t o construct :  th e greate r  i s 
th e numbe r  o f  models ,  th e harde r  i s  th e problem .  Thus , 
M MT predict s tha t  proble m [5] ,  tha t  require s constructio n 
of  tw o model s i s  mor e difficul t  tha n proble m [4] ,  tha t 
require s constructio n o f  on e model .  Further ,  M M T 
explain s an d predict s bot h correc t  an d erroneou s 
responses .  Correc t  response s ar e base d o n al l  th e possibl e 
integrate d model s o f  th e premises ,  wherea s th e erroneou s 
response s ar e base d o n a  subset .  Thus ,  fo r  syllogis m [5 ] 
M MT predict s th e erroneou s respons e N o n e o f  th e 
aviator s i s a  contortionist '  (o r  viceversa) ,  an d 'Som e o f  th e 
aviator s ar e no t  contortionist' . 

Accordin g t o th e theory ,  th e amoun t  o f  workin g 
m e m o ry necessar y t o dra w a  conclusio n i s a  cognitiv e 
resourc e tha t  influence s th e reasonin g process .  I n 
particular ,  a s model s ar e analogica l  representations ,  an d 
analogica l  representation s hav e spatia l  features ,  th e abilit y 
t o manipulat e model s shoul d correlat e wit h th e spatia l 
workin g m e m o r y capacity . 

Our  experimen t  (Sectio n 3 )  wa s devise d t o tes t  th e 
followin g hypotheses : 

1.  Deductiv e reasonin g i s impaire d i n right-patients ,  a s 
th e analogica l  theorie s predict . 

2.  M M T ' s prediction s about  problems '  difficult y an d 
erroneou s response s hol d fo r  right-patients . 

3.  Ou r  furthe r  ai m wa s t o explor e possibl e correlation s 
betwee n th e abilit y t o solv e deductiv e problem s an d th e 

measure s provide d b y tw o neuropsychologica l  tests ,  i n 
particula r  th e measur e o f  th e spatia l  workin g memor y 

capacity . 

3. The Experiment 
Participant s 

Thirty-fou r  right-hande d patient s wit h righ t  unilatera l 
cerebra l  lesio n reveale d b y C T sca n participate d i n th e 
experiment .  Fourtee n o f  the m wer e rule d ou t  because  the y 
di d no t  understan d th e requirement s o f  th e experimenta l 
tasks ;  twent y patient s ar e lef t  ( 5 w o m e n an d 1 5 men) . 
Thei r  age s range s fro m 4 2 t o 8 4 year s (mea n ag e =  60.6 ; 
sd =  13. 2 years) ,  thei r  schoo l  attendanc e range s fro m 5  t o 
19 year s (mea n =  9.3 ;  s d =  4.6) . 

Th e contro l  grou p consist s o f  twent y participant s (1 2 
w o m en an d 8  men )  comparabl e t o th e experimenta l  grou p 
fo r  bot h ag e (mea n ag e =  59.9 :  s d =  10,9 )  an d year s o f 
schoo l  attendanc e (mea n =  9.6 ;  s d =  3.6 ) 

We hav e exclude d fro m th e tw o group s th e participant s 
wit h intellectua l  impairments ,  a s reveale d b y th e Min i 
Menta l  Stat e (i.e. ,  scor e belo w 25/30) ,  an d th e right -
patient s wit h impairmen t  i n verba l  comprehension ,  a s 
reveale d b y th e Toke n Tes t  (i.e. ,  scor e belo w 30/36) . 

Design and Material 

Th e experimen t  consist s o f  thre e sort s o f  tasks :  deductiv e 
reasonin g tasks ,  paraphrase s task s an d neuropsychologica l 
tests .  Th e paraphrase s task s wer e introduce d t o tes t  th e 
abilit y t o infe r  th e convers e o f  relation s suc h a s 'An n i s 
shorte r  tha n Ben '  (i.e. ,  "Be n i s talle r  tha n Ann") ,  a s wel l  a s 
th e convers e o f  quantifie d assertion s lik e 'A H o f  th e 
painter s ar e musicians '  (i.e. ,  'Som e o f  th e musician s ar e 
painters') .  A s w e sai d above ,  som e studie s sugges t  tha t 
als o th e abilit y  t o dea l  wit h paraphrase s o f  thi s sor t  woul d 
be impaire d i n right-patients . 

Reasoning Tasks The tasks consists of 10 syllogisms and 
8 relationa l  problems . 

Th e syllogism s ar e selecte d amon g th e classica l  se t  o f 
64 ,  an d the y al l  hav e a  vali d conclusio n interrelatin g th e 
end terms .  Fiv e o f  the m ar e accordin g t o M M T one -
model  problems ,  an d five  o f  the m ar e multiple-mode l 
problems .  Syllogism s ar e balance d accordin g t o th e figure 
of  th e premise s an d th e sor t  o f  conclusion .  Further ,  th e 
med iu m ter m B  i n th e premise s refer s t o a n hobby ,  th e en d 
term s A  an d C  refe r  t o jobs .  Th e experimente r  read s th e 
syllogisti c premises ,  the n h e ask s th e question :  H o w man y 
A ar e C? '  o r  H o w man y C  ar e A?' ,  consistentl y wit h th e 
directio n o f  th e correc t  conclusion .  Subject s £ir e tol d tha t 
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possibl e answer s are :  'AH...are...' ;  'Some.. .  are...' ; 
"None...is...' ;  "Some...ar e not...' . 

Th e relationa l  problem s ar e three-term s serie s problem s 
supportin g a  vali d conclusion .  Al l  o f  the m ar e -  accordin g 
t o M M T -  one-mode l  problems .  Th e premise s refe r  t o th e 
relation s talle r  than '  an d 'shorte r  than' .  Th e relations ,  a s 
wel l  a s th e terms ,  ar e arrange d i n th e 4  possibl e way s 
insid e th e coupl e o f  premises .  Th e experimente r  read s th e 
relationa l  premises ,  the n h e ask s th e critica l  question .  I n 
hal f  o f  th e problem s th e questio n i s 'Wh o i s th e talles t 
betwee n A  an d C?' ,  an d i n hal f  o f  th e problem s i s "Wh o i s 
th e shorte r  betwee n A  an d C ? ' 

Paraphrases Tasks The tasks consist of 10 paraphrases 
of  quantifie d premise s an d 8  paraphrase s o f  relationa l 
premises .  Th e term s insid e eac h premis e refe r  t o a  hobb y 
and a  job .  Eac h o f  th e premise s t o paraphras e i s presente d 
wit h anothe r  premis e o f  th e sam e sort ,  i.e .  quantifie d o r 
relational .  Thus ,  th e couple s o f  premise s ar e analo g t o th e 
couple s o f  premise s use d i n th e syllogisti c an d th e 
relationa l  reasonin g tasks .  Th e onl y differenc e i s tha t  i n 
th e paraphrase s task s i t  i s  no t  possibl e t o relat e th e 
informatio n conveye d b y th e premises ,  becaus e the y d o 
not  shar e a  c o m m o n ter m (th e figur e o f  th e premise s i s 
A B - C D ) .  Th e experimente r  read s a  coupl e o f  premises , 
and invite s th e participan t  t o paraphras e th e first  premis e 
i n hal f  o f  th e problems ,  an d th e secon d premis e i n th e 
othe r  half ,  i n a  rando m order .  Th e reasone r  i s cue d t o 
paraphras e b y question s o f  th e followin g sort :  "Ho w man y 
A ar e B? '  (paraphrase s o f  quantifiers) ,  'Wh o i s th e talles t 
betwee n A  an d B? "  (paraphrase s o f  relationa l  terms) . 

Neuropsychological Tests We used two tests to depict a 
genera l  framewor k o f  th e participants '  workin g m e m o r y 
capacity :  Corsi' s  tes t  an d a  W o r d Lis t  Learnin g test . 

Corsi' s  tes t  wa s adopte d t o measur e th e visuo-spatia l 
short-ter m memor y capacity .  W e followe d th e standar d 
procedure .  Th e experimente r  show s th e participan t  9 
cube s attache d o n a  wooden-board .  Then ,  i n a  preliminar y 
trial ,  h e touche s eac h cub e on e a t  a  time ,  an d invite s th e 
participan t  t o repea t  th e sam e movements .  Th e rea l  tes t 
start s i n cas e n o error s occur .  Th e experimente r  touche s 
cube s i n serie s o f  increasin g lengt h (fro m 2  u p t o 1 0 cube s 
i n a  row) ,  an d th e participan t  i s invite d t o touc h th e sam e 
cube s i n th e sam e sequentia l  order .  Th e participan t  deal s 
wit h thre e differen t  trial s fo r  eac h series ;  i f  sh e succeed s a t 
leas t  i n tw o trials ,  the n th e tes t  continues .  Th e visuo -
spatia l  memor y spa n o f  th e participan t  correspond s t o th e 
number  o f  cube s i n th e longes t  o f  th e serie s reproduced , 
wher e a t  leas t  tw o trial s wer e successful . 

A W o r d Lis t  Learnin g tes t  wa s use d t o measur e th e 
verba l  memor y span .  Th e experimente r  read s t o th e 
participan t  a  lis t  o f  1 0 words ,  an d th e participan t  repeat s 
as man y o f  the m a s sh e ca n remember ,  i n he r  preferre d 
order .  Shortly ,  th e experimente r  read s agai n th e 1 0 words , 
and th e participan t  i s invite d t o repea t  them ,  tryin g t o 
enric h th e lis t  o f  th e word s remembered .  Th e tes t 

continue s unti l  th e participan t  repeat s al l  th e 1 0 words . 
The m a x i m u m numbe r  o f  repetition s b y th e experimente r 
i s 20 .  Th e scor e i s calculate d b y takin g int o accoun t  th e 

number  o f  repetitions ,  ag e an d year s o f  schoo l  attendanc e 
of  th e participant .  Th e scor e i n thi s tes t  i s  counterintuitive : 
i i  increase s wit h th e decreas e o f  th e performanc e 

Procedures 

The experimen t  i s carrie d ou t  i n a  singl e session ,  individu -
ally ,  i n a  quie t  room .  Th e orde r  o f  presentatio n o f  th e 
problem s i s th e sam e fo r  ai l  th e participants .  First ,  th e 
participan t  deal s wit h th e Toke n Tes t  (onl y th e right -
patients )  an d th e Min i  Menta l  State .  I n cas e sh e doe s no t 
encounte r  an y difficulty ,  th e experimen t  continue s wit h 
Corsi' s  an d th e W o r d Lis t  Learnin g tests .  Then ,  th e 
participan t  deal s wit h th e reasonin g an d th e paraphrase s 
tasks .  W e devise d tw o protocols ,  wher e th e followin g 
factor s wer e balanced :  th e orde r  o f  presentatio n o f  th e 
reasonin g an d th e paraphrase s tasks ;  th e orde r  o f 
presentatio n o f  th e syllogisti c an d relationa l  problem s 
insid e th e reasonin g tasks ;  th e orde r  o f  presentatio n o f  th e 
paraphrase s o f  quantifier s an d relationa l  term s insid e th e 
paraphrase s tasks .  Th e task s ar e introduce d b y a  warm-up : 
th e experimente r  read s a  relationa l  proble m an d invite s 
th e participan t  t o dra w a  conclusion ,  thu s answerin g th e 
specifi c  question .  Further ,  th e participan t  i s invite d t o 
conside r  a s tru e th e premises ,  an d t o dra w a  conclusio n 
tha t  i s tru e give n tha t  th e premise s ar e true . 

Results 

Reasoning and Paraphrases Tasks As predicted, the 
performance s o f  th e patient s ar e wors e tha n th e 
performance s o f  th e contro l  grou p (se e Tabl e 1) .  Th e 
differenc e i s statisticall y significan t  fo r  th e relationa l 
problem s (Mann-Whitne y test :  z = -2.029 ;  p  <.05 )  an d th e 
paraphrase s o f  relation s (Mann-Whitne y test :  z = -2.056 ;  p 
<.04) .  Th e differenc e i s no t  statisticall y significan t  eithe r 
fo r  th e paraphrase s o f  quantifier s (Mann-Whitne y test :  z -
-1.43 ;  p  =  .15) ,  o r  fo r  th e overal l  syllogism s (Mann -
Whitne y test :  z = -1.44 ;  p  =  .14) .  However ,  one-mode l 
syllogism s ar e easie r  fo r  th e contro l  grou p ( 8 0 % o f  correc t 
conclusions) ,  tha n fo r  th e patient s grou p ( 7 1 % o f  correc t 
conclusions) ,  althoug h th e differenc e i s onl y marginall y 
significan t  (Mann-Whitne y Test :  z  =  -1.894 ;  p  =  0.058) . 
Multipl e mode l  syllogism s ar e har d t o solv e fo r  al l  th e 
participant s (a s M M T predicts) ;  th e tw o group s d o no t 
diffe r  i n thei r  performance s (Mann-Whitne y Test :  z  = 
.812 ;  p  =  .075) .  I n general ,  w e conclud e tha t  th e result s 
concernin g th e tw o task s confir m predictio n 1 :  deductiv e 
reasonin g i s impaire d i n right-patients ,  a s th e analogica l 
theorie s predict . 
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Tabl e 1 .  Percentage s o f  correc t  response s i n reasonin g an d 

paraphrase s tasks . 

Tabl e 2 .  M e a n score s obtaine d b y th e tw o group s o t 
participant s i n th e neuropsychologica l  tests . 

Task s 

Syllogism s 

Relationa l 

problem s 

Paraphrase s 

(quantifiers ) 

Paraphrase s 

(relationa l  terms ; 

Patient s 

35 

72 

48 

68 

Contro l 

grou p 

42 

82 

51 

76 

Predictio n 2  i s als o confirmed :  M M T ' s prediction s 
abou t  proble m difficult y an d erroneou s response s als o 
hol d fo r  right-patients .  One-mode l  syllogism s ar e easie r  t o 
solv e tha n multiple-mode l  syllogisms ;  th e predictio n hold s 
fo r  bot h th e patient s ( 7 1 % versu s 0 % ,  Wilcoxo n Test :  z  = 
-3.62 .  P  =  0003 )  an d th e contro l  grou p ( 8 0 % versu s 4 % , 
Wilcoxo n Test :  z  =  -3.92 ,  p  <.0001) .  Thus ,  syllogis m [4 ] 
i s  easie r  tha n syllogis m [5] ,  bot h i n th e patient s ( 7 1 % 
versu s 0 % o f  correc t  conclusions )  an d i n th e contro l  grou p 
( 9 0 % versu s 0 % o f  correc t  conclusions) .  Further ,  a s M M T 
predicts ,  th e mos t  c o m m o n erroneou s response s ar e base d 
on a  subse t  o f  th e possibl e integrate d mode l  o f  th e 
premises .  Thus ,  th e c o m m o n erro r  i n dealin g wit h 
proble m [5 ]  i s  t o infe r  tha t  N o n e o f  th e aviator s i s a 
contortionist' ,  o r  vice-vers a ( 4 4 % o f  th e error s i n right -
patients ,  an d 8 5 % i n th e contro l  group)' . 

Neuropsychological Tests The performance of the right-
patient s wa s significantl y wors e tha n th e performanc e o f 
th e contro l  grou p i n Corsi' s  tes t  (Mann-Whitne y test :  z  = 
4.1 ;  p  <.0001) ,  a s wel l  a s i n th e W o r d Lis t  Learnin g tes t 
(Mann-Whitne y test :  z  =  -2.86 ;  p  <.005) .  Th e mea n 
score s obtaine d b y th e participant s ar e i n Tabl e 2 ;  a s th e 
tw o test s hav e not ,  i n principle ,  a  m a x i m u m score ,  a 
benchmar k i s th e bes t  scor e obtaine d b y th e participants . 
R e m e m b er  that ,  i n th e W o r d Lis t  Learnin g test ,  th e scor e 
increase s wit h th e decreas e o f  th e performance . 

Correlations Between Tests and Tasks We explored the 
possibl e relation s betwee n th e performance s i n th e 
neuropsychologica l  test s an d th e performance s i n th e task s 
throug h som e correlations .  Fo r  th e syllogisti c reasonin g 
task ,  w e use d onl y th e dat a concernin g one-mode l 
syllogism s becaus e multipl e mode l  syllogism s wer e har d 
t o solv e eve n fo r  th e contro l  group . 

Neuropsychologica l 

Test s 

W o rd Lis t  Learnin g 
(bes t  score=2.437 ) 

Cors i 
(bes t  score=7 ) 

Patient s 

6.9 5 

3.4 4 

Contro l 

grou p 

4.8 9 

5.1 

'  Th e participant s ha d n o chanc e t o dra w th e erroneou s respons e 
'Som e o f  th e aviator s ar e no t  contortionist' ,  whic h i s predicte d 
by M M T,  becaus e th e cuein g questio n fo r  thi s syllogis m is : 
'Ho w man y contortionist s ar e aviators?' . 

As fa r  a s th e contro l  grou p i s concerned ,  a  goo d perfor -
mance i n th e relationa l  problem s correlate s wit h a  goo d 
performanc e i n bot h Corsi' s  (Fisher' s r = .685 ;  p<.001 )  and 
W o rd Lis t  Learnin g (Fisher' s r  =  -.618 ;  p.005 )  tests . 
Besides ,  ther e i s a  positiv e correlatio n betwee n th e perfor -
mance i n th e paraphrase s o f  relation s tas k an d th e perfor -
mance i n Corsi' s  tes t  (Fisher' s r  =  .531 ;  p<.05) . 

I n th e right-patients ,  w e foun d a  singl e correlatio n 
betwee n th e performance s i n th e W o r d Lis t  Learnin g tes t 
and th e syllogisti c reasonin g tas k (Fisher' s r = -.56 ;  p<.05) . 

As ou r  underlyin g hypothesi s i s tha t  bot h syllogisti c an d 
relationa l  reasonin g rel y o n th e sam e menta l  processes ,  w e 
als o explore d th e relatio n betwee n th e tw o sort s o f  task . 
As expected ,  w e foun d a  correlatio n i n th e right-patient s 
(Fisher' s r  =  .787 ,  p  =  .0002 )  an d i n th e contro l  grou p 
(Fisher' s r = 516 ,  p  =  .0186) . 

4. Discussion and Conclusions 

Our  result s sugges t  tha t  th e righ t  hemispher e play s a  majo r 
rol e i n deductiv e reasoning .  I n particular ,  right-patient s 
ar e wors e tha n th e contro l  grou p i n reasonin g wit h 
relationa l  problem s an d paraphrasin g relationa l  premises . 
Thes e result s suppor t  th e ide a tha t  th e tw o task s involv e 
analogica l  representations ,  whic h ar e mainl y a 
competenc e o f  th e righ t  hemisphere .  Ou r  result s agre e 
wit h thos e o f  som e previou s studie s (se e Sectio n 1) ,  and 
the y disagre e wit h th e result s o f  Degli n an d Kinsbourn e 
(1996) .  Th e author s clai m tha t  th e lef t  hemispher e i s 
responsibl e fo r  reasonin g deductively ,  bu t  w e hav e tw o 
methodologica l  reason s fo r  bein g skeptica l  abou t  thei r 
results .  First ,  thei r  experimenta l  sampl e consist s o f  eithe r 
schizophrenic s o r  manic-depressiv e psychotics .  Second , 
the y us e problem s wit h identica l  conten t  t o tes t  th e 
participant s i n differen t  experimenta l  conditions . 

Th e result s concernin g th e performanc e o f  th e right-pa -
tient s an d th e contro l  grou p i n th e syllogisti c reasonin g 
tas k an d th e paraphrase s o f  quantifie d assertion s tas k 
deserv e som e consideration .  I n particular ,  althoug h on e 
model  syllogism s ar e harde r  t o solv e fo r  th e right-patient s 
tha n fo r  th e contro l  group ,  multiple-mode l  syllogism s ar e 
difficul t  t o solv e fo r  al l  th e participant s i n ou r  experiment . 
Thi s resul t  confirm s M M T ' s predictio n tha t  multipl e 
model s problem s ar e difficul t  t o solve .  However ,  th e 
reall y ba d performanc e o f  th e contro l  grou p i s a  genuin e 
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surprise .  Indeed ,  i n a  previou s stud y b y Bara ,  Bucciarell i 
and Johnson-Lair d (1995) ,  adul t  subjects '  percentag e o f 
correc t  response s t o th e sam e se t  o f  1 0 syllogism s wa s 
5 6 % (26 % i f  w e conside r  onl y th e multipl e model s ones) . 
We suspec t  tha t  ou r  experimenta l  procedur e fo r 
syllogism s make s har d th e tas k o f  drawin g a n inference , 
especiall y fo r  th e hardes t  o f  th e problems .  Th e procedur e 

whic h consist s i n readin g th e couple s o f  syllogisti c 
premise s togethe r  wit h th e final  questio n "Ho w man y x  ar e 
y? '  wa s mean t  t o cu e reasoners ,  especiall y right-patients , 
toward s th e relevan t  information .  However ,  i n orde r  t o an -
swer  th e critica l  question ,  th e reasone r  ha s t o kee p i n min d 
th e verbati m o f  th e premise s an d th e cuein g question .  W e 
suspec t  tha t  thi s tas k interfere s wit h th e reasonin g process . 
The correlation s betwee n th e verba l  memor y spa n an d th e 
reasonm g task s woul d suppor t  suc h a n hypothesis .  I n lin e 
wit h th e sam e argumentation ,  w e observ e tha t  als o three -
ter m serie s problem s wer e quit e difficul t  fo r  ou r  contro l 
group ,  whrerea s i t  i s  wel l  know n tha t  the y ar e quit e easy , 
and th e differenc e i n difficult y amon g problem s i s 
detectable ,  followin g th e standar d procedure ,  onl y b y 
positin g a  tim e limi t  t o dra w th e conclusio n (see ,  D e Sot o 
et  al .  1965) .  Again ,  ou r  experimenta l  procedur e coul d 
explai n th e ba d performanc e o f  ou r  contro l  grou p i n th e 
relationa l  reasonin g task . 

An alternativ e explanatio n o f  th e result s i s tha t  th e 
analogica l  componen t  play s a  majo r  rol e i n relationa l 
reasonin g an d paraphrase s o f  relationa l  terms ,  bu t  th e 
verba l  componen t  i s a s importan t  a s th e analogica l 
componen t  i n reasonin g wit h syllogisms ,  an d i n 
paraphrasin g quantifiers .  A s th e performance s o f  th e right -
patient s an d th e contro l  grou p i n th e tw o task s considere d 
as a  whol e d o no t  significantl y differ ,  i t  i s  plausibl e tha t 
the y involv e verba l  processe s whic h ar e mainl y a 
competenc e o f  th e lef t  hemisphere . 

The result s o f  th e correlation s betwee n th e 
neuropsychologica l  test s an d th e reasonin g an d th e 
paraphrase s task s ar e consisten t  wit h th e tw o possibl e 
explanations .  Further ,  the y confir m th e existenc e o f  a  tigh t 
bond betwee n th e deductiv e abilit y  an d th e spatia l 
workin g memor y capacity ,  a s predicte d b y M M T . 
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