
Deductiv e Reasonin g Competence : 

A r e Rule-Base d an d Model-Base d Method s Distinguishabl e i n Principle ? 

Pete r  Yul e 
Departmen l  o f  Psycholog y 

Birkbec k Colleg e 
Universil y  o f  Londo n 

Male t  Stree t 
Londo n W C 1 E 7 H X,  U.K . 

p . y u l e O p s y c . b b k . a c . u k 

Abstrac t 

Much argument has been generated concerning the problem 
whethe r  huma n deductiv e performanc e ca n bes t  b e viewe d 
as rule-base d (e.g .  Rips )  o r  model-base d (e.g .  Johnson -
Laird) .  Thi s pape r  argue s tha t  th e distinctio n i s ill-founded , 
and demonstrate s tha t  a n ostensibl y model-base d syllogisti c 
reasonin g metho d ca n easil y b e implemente d i n a  natura l  de -
ductio n calculus ,  whic h moreove r  make s full y explici t  refer -
ence t o th e differen t  possibl e interpretation s o f  th e premisses . 
More generally ,  i t  i s unclea r  tha t  othe r  model-base d method s 
canno t  b e give n simila r  natural-deductio n treatments ,  raisin g 
doubt s abou t  th e distinguishabilit y  i n principl e o f  rule-base d 
and model-base d methods . 

In t roduct io n 

Th e "rale s versu s models "  debat e i n th e psycholog y o f  rea -
sonin g ha s generate d a  considerabl e amoun t  o f  argumen t  ove r 
th e bes t  wa y t o mode l  huma n competenc e i n deductiv e rea -
sonin g task s suc h a s syllogisti c an d propositiona l  reason -
ing .  Th e questio n bear s a  superficia l  resemblanc e t o th e 
distinctio n i n logi c betwee n proo f  theor y an d mode l  the -
ory :  proof-theoreti c issue s ar e usuall y addresse d wit h ref -
erenc e t o axiomati c o r  natura l  deductio n systems ,  wherea s 
model  theor y i s concerne d wit h individual s an d set s o f  in -
dividuals .  Thu s th e "ral e theorists "  suc h a s Rip s (1983 ) 
hol d tha t  huma n deductiv e competenc e i s implemente d i n a 
theorem-provin g syste m whic h use s computationa l  analogue s 
of  natural-deductio n rales  (an d a  contro l  module )  t o deriv e 
proofs .  B y contrast .  Menta l  Model s theor y (se e e.g .  Johnson -
Laird ,  1983 ;  Johnson-Lair d &  Byrne ,  1991 )  use s mor e con -
cret e tableau x whic h represen t  individual s i n a  spatia l  array , 
and specifie s procedure s t o transfor m thes e tableau x i n way s 
whic h exhaus t  th e (relevant )  logica l  possibilities ,  withou t  th e 
explici t  us e o f  inferenc e rales. 

Superficiall y  a t  least ,  then .  Menta l  Model s appea r  t o b e se -
manti c wherea s rale-based  method s ar e syntactic .  However , 
insofa r  a s Menta l  Model s theor y specifie s a n effectiv e pro -
cedur e fo r  it s logica l  domain ,  i t  i s  als o necessaril y a  proo f 
system ,  an d subjec t  t o th e usua l  limit s o f  computabilit y  an d 
incompletenes s o n proo f  system s (se e e.g .  Boolo s &  Jeffrey , 
1980) .  A s a  consequence ,  i t  mus t  b e possibl e t o recas t  th e 
Menta l  Model s syste m i n rale-based,  proof-theoreti c terms . 

Of  course ,  th e rales  versu s model s debat e i s primaril y con -
cerned ,  no t  wit h distinguishin g rale-based  an d model-base d 

system s i n general ,  bu t  wit h th e empirica l  evaluatio n o f  par -
ticula r  system s o f  eac h type ,  wit h respec t  t o huma n reasonin g 
data .  T o th e exten t  tha t  th e differen t  system s mak e differ -
ent  empirica l  predictions ,  the y ca n b e compare d fo r  empirica l 
adequacy .  Whil e thi s goa l  i s  reasonabl e i n principle ,  i t  ha s 
prove d difficul t  t o achiev e i n practice :  bot h theorie s ca n ac -
coun t  fo r  muc h o f  th e data ,  an d a s Evan s &  Ove r  (1997 )  an d 
Robert s (1983 )  observe ,  bot h camp s allo w themselve s suffi -
cien t  fre e parameter s tha t  th e questio n whic h i s th e bes t  ma y 
be har d i f  no t  impossibl e t o resolv e usin g conventiona l  psy -
chologica l  methodology . 

Despit e thes e worries ,  Evan s &  Ove r  (1997 )  conclud e tha t 
model-base d method s ar e mor e plausible ,  sinc e (the y claim ) 
the y ar e bette r  suite d t o modellin g hypothetica l  reasoning , 
or  th e consideratio n o f  possibl e altemativ e situations .  The y 
make i t  clea r  tha t  thei r  ide a o f  mental  model s i s no t  neces -
saril y  equivalen t  t o an y o f  th e version s propose d b y Johnson -
Lair d an d hi s co-workers ,  bu t  rathe r  the y hav e a  muc h mor e 
minima l  accoun t  i n mind :  rationalit y i n a  deductiv e tas k con -
sist s i n th e consideratio n o f  multipl e altemativ e situation s 
whic h ar e consisten t  wit h th e premisses .  The y hol d tha t  th e 
questio n coul d b e settle d b y analysin g reasoners '  proo f  pro -
tocols ,  an d argu e tha t  i f  reasoner s mentione d alternativ e in -
terpretation s o f  th e premisses ,  thi s woul d b e sufficien t  t o es -
tablis h tha t  the y wer e usin g a  model-base d method . 

The ai m o f  thi s pape r  i s t o sho w tha t  thi s i s n o solution , 
sinc e a n ostensibl y model-base d metho d ca n b e implemente d 
as a  rule-based ,  natura l  deductio n method ,  albei t  a  sfightl y 
unconventiona l  one .  Thi s metho d make s explici t  th e sam e 
informatio n a s d o model-base d methods ,  an d handle s th e al -
temativ e interpretation s o f  th e premisse s explicitly ,  i n a  man -
ner  closel y analogou s t o th e model-base d method .  Thu s th e 
rale-based  metho d coul d underli e th e protocol s i f  th e model -
base d metho d could .  Mor e generally ,  thi s pape r  suggest s tha t 
simila r  treatment s coul d b e give n fo r  man y o f  th e domain s 
use d i n th e psycholog y o f  deductiv e reasoning ,  an d seek s t o 
emphasis e th e indistinguishabifit y  o f  rale-based  an d model -
base d method s i n thes e domains . 

Explicit and Implicit Models 

O ne on e interpretation ,  t o sa y tha t  reasoner s conside r  al l  pos -
sibl e model s o f  premisse s i s t o sa y n o mor e tha n tha t  the y 
hav e a  gras p o f  logi c — al l  soun d deductiv e mechanisms , 
whethe r  overtl y proof-theoreti c  (e.g .  axiomati c o r  natura l  de -
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Figur e 1 :  A  simpl e natura l  deductio n proo f  o f  th e syllogis m 
Some A a r e B ,  al l  B  ar e C ,  s o som e A  ar e C . 

ductio n systems )  o r  model-base d (e.g .  Eule r  Circle s o r  Men -
ta l  Models) ,  eithe r  implicitl y  o r  explicitl y  ensur e tha t  thei r 
conclusion s hol d i n al l  logica l  model s o f  thei r  premisse s — 
thi s i s jus t  wha t  soundnes s means . 

Of  course ,  th e proponent s o f  model-base d theorie s inten d 
tha t  explici t  representation s o f  model s ar e used ,  bu t  i t  i s  wort h 
observin g tha t  mos t  ostensibl y model-base d method s d o no t 
represen t  al l  logica l  model s explicitly .  I n th e domai n o f  syl -
logisti c reasoning ,  althoug h Erickson' s (1974 )  metho d us -
in g Eule r  Circle s interpret s eac h separat e diagra m a s corre -
spondin g t o a n individua l  logica l  model ,  makin g thi s metho d 
maximall y explicit ,  thi s approac h lead s t o a  combinatoria l 
explosion ,  s o mor e recen t  method s d o no t  represen t  mod -
el s thi s way .  Menta l  Model s theor y (e.g .  Johnson-Laird , 
1983 ;  Johnson-Lair d &  Byrne ,  1991 )  adopt s th e expedien t 
of  condensin g severa l  logica l  model s int o on e representatio n 
(a "Menta l  Model" )  b y explicitl y  markin g th e distinctio n be -
twee n necessar y an d merel y possibl e individuals .  Conse -
quentl y th e numbe r  o f  distinc t  representation s t o b e consid -
ere d i s drasticall y reduced ,  t o betwee n on e an d three . 

The sam e devic e ca n b e use d t o mak e Eule r  Circle s 
tractabl e (Stennin g &  Oberlander ,  1995 ;  Stennin g &  Yule , 
1997 forthcoming )  — i f  w e mar k region s o f  th e diagra m tha t 
correspon d t o necessar y individuals ,  the n th e numbe r  o f  di -
agram s require d fo r  eac h premis s i s reduce d t o one .  More -
over ,  provide d th e diagram s ar e interprete d correctly ,  onl y 
one compoun d diagra m fo r  th e premis s pai r  nee d b e con -
structed .  Th e Eule r  Circl e metho d i s summarise d below ,  bu t 
i t  shoul d alread y b e clea r  tha t  o n a  scal e fro m min imu m t o 
maximu m explicimess .  neithe r  Menta l  Model s no r  th e Eule r 
Circle s metho d represen t  logica l  model s maximall y explic -
itly . 

Nevertheles s ther e seem s t o b e a  stron g contras t  betwee n 
thes e an d th e minimall y explici t  natura l  deductio n proo f  i n 
Figur e 1 ,  whic h I  assum e i s a  typica l  exampl e o f  a  rule-base d 
proof .  Th e crucia l  ste p t o notic e i n thi s proo f  i s  th e appli -
catio n o f  Modu s Ponen s i n lin e (7) .  Consideratio n o f  th e 
trut h tabl e fo r  — > reveal s tha t  P  — > Q  ca n b e rewritte n 
as { P k Q ) \ /  (-. P &  Q )  V  (- P k  - Q )  — thi s i s know n 
as Canonica l  Disjunctiv e Norma l  For m (se e L e m m o n ,  1965 ) 
— an d makin g thi s chang e i s sufficien t  t o for m th e basi s o f 
a natura l  deductio n metho d whic h closel y parallel s th e Eule r 

Al l  A  ar e B 

S o me A  ar e B 

No A  ar e B 

S o me A  ar e no t  B 

^ B 

A(g) B 

A 0 0 B 

A(x5) b 

Figur e 2 :  Eule r  diagram s fo r  eac h premis s type .  Region s rep -
resentin g necessar y individual s ar e marke d wit h a  x . 

Circl e method ,  an d whic h wil l  b e demonsU-ate d later . 

The Method of Euler Circles 

Sinc e th e Metho d ha s bee n describe d elsewher e (Stennin g & 
Oberlander .  1995 ;  Stennin g &  Yule .  199 7 forthcoming) ,  onl y 
a brie f  summar y wil l  b e give n here . 

The metho d use s diagram s compose d o f  circle s t o repre -
sent  th e premisse s o f  th e syllogis m (se e Figur e 2) .  Eac h cir -
cl e represent s th e se t  denote d b y a  ter m ( A o r  B ) .  an d eac h 
regio n i n a  diagra m represent s a n individua l  whos e existenc e 
i s consisten t  wit h th e trut h o f  th e premiss .  Region s whic h rep -
resen t  individual s whos e existenc e i s entaile d b y th e premis s 
ar e marke d wit h a n x . 

Any well-forme d syllogis m ha s on e ter m tha t  appear s i n 
bot h th e premisses ,  th e middl e term ,  an d tw o other s whic h 
eac h appea r  i n onl y on e o f  th e premis.ses ,  th e en d terms .  T o 
solv e a  syllogism ,  a  compoun d diagra m i s constructe d fro m 
th e tw o premis s diagram s b y identifyin g th e circle s corre -
spondin g t o th e middl e term ,  whil e preservin g th e topolog -
ica l  relationship s o f  th e premis s diagrams .  Fo r  som e prob -
lems ,  thi s ma y b e achieve d i n differen t  way s (thes e corre -
spon d rathe r  closel y t o th e multiple-mode l  problem s i n M e n -
ta l  Model s theory) ,  bu t  i n thes e case s th e diagra m wit h th e 
m a x i m u m possibl e numbe r  o f  subregion s shoul d b e con -
structe d — i t  i s  sufficien t  t o overla p th e end-ter m circle s i f 
possible .  Finally ,  i f  an y x-marke d regio n ha s bee n bisecte d 
by th e ar c o f  anothe r  circl e durin g thi s process ,  it s  mar k i s 
removed ;  otherwise ,  it s  mar k remain s i n th e compoun d dia -
gram . 

The semantic s o f  th e resultin g diagra m ar e th e sam e a s 
thos e o f  th e premis s diagrams' :  an y marke d region s i n th e 
compoun d diagra m correspon d t o individual s whos e exis -
tenc e i s entaile d by ,  an d th e res t  represen t  individual s whic h 
ar e consisten t  with ,  th e premisse s take n together .  Onl y i f 
ther e i s a  necessar y individual ,  i s  ther e a  conventiona l  quan -
tifie d conclusion ,  althoug h ther e ar e necessar y individual s 
whic h d o no t  for m th e basi s o f  quantifie d conclusion s becaus e 
the y ar e inexpressibl e a s syllogisti c sentence s (Stennin g & 
Oberlander ,  1995) . 

Particula r  conclusion s ca n b e rea d of f  necessar y individu -
al s directly ,  b y droppin g th e middl e ter m an d pickin g a  pos -
itiv e en d ter m a s th e subjec t  o f  th e conclusion ,  bu t  fo r  uni -

^  Menta l  Model s d o no t  hav e thi s propert y 
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Existentia l  Implication s CDNF Inferentia l  Constraint s 

Al l  A  B  {3x)[AxkBx )  &  {'iy){{AykDy )  V  {-^AykBy )  V  {-̂ Ayk-̂ By) ) 
Some A  B  [3x){AxkBx )  &  {Vy){{AykBy )  V  (^AykBy )  V  (̂ y&-5t/ )  V  {^Ayk^By) ) 
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Some A  no t  B  {3x){Axk^Bx )  &  {\/y){{AykBy )  V  (^^y&5y )  V  {Ayk^By )  V  (-^y&-5y) ) 

Figure 3: Representing premisses in Monadic Predicate Calculus. Each premiss is represented as the conjunction of its existen-
tia l  implication s an d it s Canonica l  Disjunctiv e Norma l  For m ( C D N F )  inferentia l  constraints . 

versa l  conclusions ,  a  furthe r  conditio n applies :  th e marke d 
regio n shoul d b e a n unbroke n circl e correspondin g t o a n en d 
term ,  an d thi s en d ter m i s th e subjec t  o f  th e conclusion . 

Implementation in Monadic Predicate Calculus 

I t  wil l  n o w b e show n h o w th e Eule r  Circl e metho d ca n b e im -
plemente d i n Monadi c Predicat e Calculu s ( M P C )  usin g nat -
ura l  deduction .  Sinc e spac e i s short ,  onl y th e derivatio n o f 
necessar y individual s i s covere d here ;  se e Stennin g &  Yul e 
(199 7 forthcoming )  fo r  mor e o n drawin g quantifie d conclu -
sion s i n a  variet y o f  implementations . 

I n orde r  t o understan d h o w th e implementatio n works , 
i t  shoul d b e recalle d tha t  i n th e proo f  show n i n Figur e 1 , 
th e premisse s ha d differen t  roles :  on e o f  the m (th e par -
ticula r  premiss )  wa s treate d a s a n existentia l  conjunction , 
{3x){A x k  B x ) ,  whil e th e othe r  wa s u-eate d a s a  universall y 
quantifie d conditional ,  (Vx)(B x — > C x ) .  M o d u s Ponen s 
was the n used ,  wit h th e forme r  premiss ^  providin g th e an -
teceden t  an d th e latte r  providin g th e conditional .  Thu s th e 
rol e o f  th e first  premis s wa s t o establis h th e existenc e o f  som e 
individual ,  an d th e rol e o f  th e secon d wa s t o provid e infor -
matio n whic h wa s use d t o m a k e a n inferenc e abou t  tha t  in -
dividual .  Similarly ,  i n th e Eule r  Circl e implementation ,  w e 
distinguis h betwee n th e existentia l  implication s o f  a  premiss , 
an d th e se t  o f  consisten t  individuals .  Th e se t  o f  consisten t 
individual s ca n b e viewe d a s a  se t  o f  inferentia l  consu-aints ; 
th e universa l  premisses ,  havin g onl y thre e region s (includin g 
th e background) ,  plac e constraint s o n th e tota l  se t  o f  possibl e 
individuals ,  wherea s th e particula r  premisses ,  havin g fou r  re -
gions ,  impos e n o suc h constraint s (se e Figur e 2) .  Also ,  w e 
hav e see n tha t  a  conditiona l  ca n b e translate d int o a  sentenc e 
wit h thre e disjuncts ,  it s  Canonica l  Disjunctiv e Norma l  For m 
representation ,  whic h a s w e wil l  see ,  correspond s directl y t o 
th e se t  o f  consisten t  individuals .  Th e strateg y i n implement -
in g th e M P C versio n o f  th e Eule r  Circl e metho d i s t o explic -
itl y  represen t  bot h component s o f  eac h premis s typ e — it s 
existentia l  implication s an d it s inferentia l  constraints . 

I n M P C ,  eac h premis s ca n b e represente d a s th e conjunc -
tio n o f  tw o sentence s (se e Figur e 3) .  Th e first  sentence ,  a  con -
junctio n o f  existentiall y  quantifie d conjunctions ,  expresse s 
th e existentia l  implication s o f  th e premis s unde r  it s standar d 
syllogisti c interpretation ,  an d correspond s t o th e se t  o f  x -
marke d region s i n th e Eule r  Circl e system .  W e ca n cal l  i t 

Ŝtrictly ,  a n instantiatio n o f  th e forme r  premis s wa s use d t o pro -
vid e th e antecedent . 

th e Existentia l  Implications .  Th e secon d sentenc e i s a  uni -
versall y quantifie d disjunctio n o f  conjunctions ,  an d expresse s 
th e lis t  o f  individual s whic h ar e consisten t  wit h th e premisses , 
i n Canonica l  Disjunctiv e Norma l  Form ,  whic h explicitl y  con -
strain s th e se t  o f  consisten t  individuals .  W e ca n refe r  t o i t  a s 
th e C D N F Inferentia l  Constraints . 

I n th e proof s tha t  follow ,  th e natura l  deductio n syste m i s a 
varian t  o n Lemmon ' s (1965 )  system ,  bu t  fo r  convenienc e an d 
t o shorte n th e proofs ,  som e modification s hav e bee n mad e t o 
th e system .  &-eliminatio n an d v-eliminatio n hav e bee n gen -
eralise d t o handl e multipl e conjunct s an d disjunct s respec -
tively .  Als o th e Rediicti o A d Absurdu m rul e ha s bee n re -
place d wit h E x Fals o Quodlibe t  (EFQ) ,  whic h ha s th e for m 
P k - ' P \ -  Q  — thi s sequen t  i s  provabl e i n propositiona l  cal -
culus ,  s o th e soundnes s o f  th e syste m i s unaffected . 

Ex. 1: A Valid Conclusion 

Figur e 4  show s a  proo f  i n Monadi c Predicat e Calculu s fo r 
th e exampl e S o m e A  ar e B ,  Al l  B  ar e C .  Thi s proble m ha s 
th e vafi d conclusio n S o m e A  ar e C ,  an d w e wil l  prov e th e 
existenc e o f  th e necessar y individua l  fro m whic h thi s conse -
quenc e follows ,  b y analog y wit h th e Eule r  Circl e system .  Th e 
strateg y i s t o tak e th e sentenc e whic h expresse s th e existentia l 
implication s o f  on e o f  th e premisses ,  an d instantiat e it ,  an d 
the n th e mai n bod y o f  th e proo f  use s a  larg e V-eliminatio n o n 
th e inferentia l  constraint s o f  th e othe r  premiss ,  t o sho w tha t 
th e full y  specifie d three-ter m individua l  exists . 

Line s (1 )  an d (2 )  ar e th e assumptions ,  representation s i n 
our  chose n for m fo r  th e tw o premisses .  I n lin e (3 )  th e sen -
tenc e whic h expresse s th e existentia l  implication s o f  th e first 
premis s i s derived ;  sinc e thi s i s existentiall y  quantified ,  (4 ) 
assume s th e correspondin g arbitraril y  instantiate d sentence . 
(5 )  an d (6 )  deriv e th e sentenc e expressin g th e inferentia l  con -
straint s o f  th e secon d premiss ,  an d instantiat e i t  wit h th e cho -
sen arbitrar y name . 

We ar e n o w read y t o perfor m th e mai n inferentia l  step ,  cor -
respondin g t o th e M o d u s Ponen s ste p i n th e proo f  i n Figur e 1 . 
I n thi s case ,  however ,  i t  i s  necessar y t o us e v-eliminatio n t o 
perfor m thi s function ,  s o eac h o f  th e disjunct s i n (6 )  mus t  b e 
assume d i n turn ,  a s i n line s (7) ,  (11 )  an d (15) .  Th e strateg y 
i s t o find  on e o f  thes e disjunct s whic h ha s th e sam e formul a 
containin g th e B  predicat e a s i n (4 )  (th e instantiate d existen -
tia l  implication s o f  first  premiss) ,  the n t o unif y i t  wit h th e for -
mul a i n (4) ,  t o giv e a  formul a denotin g th e necessar y individ -
ual  (9) .  W h e n th e disjunc t  contain s a  contradictor y formul a 
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Figur e 4 :  Drawin g a  vali d individua l  conclusio n fro m th e premisse s Som e A  ar e B ,  Al l  B  ar e C . 

fo r  th e B  term ,  the n w e deriv e a  contradictio n (a s i n (13 )  an d 
(17)) ,  an d usin g E x Fals o Quodlibe t  w e ar e the n permitte d t o 
deriv e anythin g { P k ^ P h  Q ) ,  s o w e deriv e th e sam e formul a 
as w e di d b y unification ,  a s i n (14 )  an d (18) .  Sinc e eac h o f 
thedisjunct s i n (5 )  entail s th e sam e conclusion ,  V-eliminatio n 
i s permitted ,  dischargin g th e auxiliar y assumption s (7) ,  (11 ) 
and (15 )  s o tha t  th e conclusio n no w follow s fro m (2 )  an d (4) . 

Al l  tha t  remain s t o b e don e i s t o sho w tha t  th e conclusio n 
i n fac t  follow s fro m th e origina l  premisses .  Sinc e th e nam e 
i n (4 )  doe s no t  occu r  i n (2) ,  3-eliminatio n i s permitted ,  s o i n 
(20 )  th e existentiall y  quantifie d conclusio n no w follow s fro m 
(1 )  an d (2) ,  completin g th e proof . 

Ex .  2 :  Failur e t o D r a w a  Vali d Conclusio n 

We hav e see n ho w t o dra w a  vali d conclusion ;  nex t  w e exam -
in e a  cas e wher e a  vali d conclusio n canno t  b e drawn . 

Figur e 5  show s th e proo f  fo r  th e proble m Al l  A  ar e B ,  Som e 
C ar e no t  B ,  whic h ha s a  vali d conclusio n Som e C  ar e no t  A , 
but  i s a  multiple-mode l  proble m i n term s o f  Menta l  Model s 
theory .  I n thi s exampl e w e us e th e existentia l  implication s 
portio n o f  th e M F C representatio n fo r  Al l  A a r e B ,  an d th e in -
ferentia l  constraint s portio n o f  th e representatio n fo r  Som e C 
ar e no t  B ,  an d w e canno t  deriv e a  necessar y individual ,  sinc e 
th e existentia l  implication s sentenc e i s unifiabl e wit h mor e 
tha n on e disjunc t  o f  th e inferentia l  constraint s sentence .  Th e 
best  w e ca n d o i s t o deriv e a  disjunctiv e conclusion ,  whic h 
hold s fo r  eac h disjunc t  o f  th e inferentia l  constraints . 

Line s (1)—(6 )  procee d analogousl y wit h Exampl e 1 ,  se -
lectin g on e existentia l  implication s sentenc e an d on e inferen -
tia l  constraint s sentence ,  an d insLintiatin g the m wit h a n arbi -
trar y name .  Bu t  i n th e mai n v-elimination ,  w e canno t  deriv e 
th e sam e formul a fo r  eac h disjunc t  — not e tha t  i n line s (9 ) 

and (14 )  w e hav e differen t  formulas ,  s o tha t  b y lin e (19 )  w e 
hav e reache d a n impasse .  However ,  line s (21)—(23 )  sho w 
tha t  fo r  eac h disjunc t  w e ca n deriv e th e sam e disjunctiv e for -
mula ,  an d thu s complet e th e V-eliminatio n i n lin e (24) ,  bu t 
th e final  conclusio n (25 )  doe s no t  specif y a  singl e necessar y 
individual . 

Thi s outcom e i s th e direc t  analogu e o f  th e remova l  o f  a n 
x-mar k i n a  bisecte d regio n o f  a n Eule r  Diagram .  Th e vali d 
conclusio n coul d b e derive d b y usin g th e existentia l  impUca -
tion s portio n o f  th e Some.. .  no t  premis s wit h th e inferentia l 
constraint s portio n o f  th e Al l  premiss .  Thi s i s no t  illustrate d 
her e owin g t o spac e limitations ,  an d ca n b e lef t  a s a n exercis e 
fo r  th e intereste d reader . 

The fac t  tha t  a  vali d conclusio n ca n b e misse d i n thi s wa y 
demonsQ-ate s th e importanc e o f  selectin g th e righ t  premis s t o 
suppl y th e existentia l  implication s sentence ;  i n genera l  i t  i s 
necessar y t o tr y bot h possibl e assignment s i n orde r  t o deriv e 
al l  necessar y individuals .  However ,  whe n onl y on e premis s i s 
particular ,  th e existentia l  implication s o f  tha t  premis s shoul d 
be use d wit h th e inferentia l  constraint s o f  th e universa l  sen -
tence ,  sinc e particula r  sentence s neve r  licens e conditiona l  in -
ferences . 

Discussion 

It should be clear that there is a high degree of correspon-
denc e betwee n th e graphica l  Eule r  Circl e metho d an d th e 
natura l  deductio n formulation ;  howeve r  ther e ar e som e po -
tentiall y  importan t  differences .  I n th e Eule r  Circl e method , 
owin g t o th e specificit y o f  graphica l  representation s (Sten -
nin g &  Oberlander ,  1995) ,  th e attemp t  t o find  al l  th e neces -
sar y individual s canno t  avoi d producin g th e side-effec t  tha t 
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Figur e 5 :  Failur e t o dra w a  vali d conclusio n fro m th e premisse s Al l  A  ar e B ,  Some C  ar e no t  B 

th e complet e se t  o f  consisten t  individual s (th e unmarke d re -
gions )  i s als o represented .  B y contrast ,  i n th e natura l  deduc -
tio n method ,  thes e individual s ar e no t  represented ,  sinc e th e 
metho d i s "focussed "  o n onl y th e candidat e necessar y indi -
viduals .  Thi s make s n o differenc e t o it s  effectiveness ,  sinc e 
th e possibl e existenc e o f  thes e "irrelevant "  individual s ha s n o 
bearin g o n th e validit y o f  an y conclusions .  Menta l  Model s 
theor y exhibit s a  simila r  neglec t  o f  irrelevan t  individuals ;  i n 
earl y version s (e.g .  Johnson-Laird ,  1983 )  severa l  possibl e in -
dividual s ma y b e summarise d b y a  singl e ro w o f  th e tableau , 
and i n mor e recen t  version s (Johnson-Lair d &  Byrne ,  1991 ) 
th e mode l  i s neve r  "fleshe d out "  t o th e exten t  tha t  the y be -
come explici t  I n thi s respec t  Menta l  Model s theor y i s in -
termediat e betwee n th e Eule r  Circle s an d natura l  deductio n 
methods . 

However,  one apparent difference is the distinction in Men-
ta l  Model s theor y betwee n single-mode l  an d multiple-mode l 
problems .  I n Menta l  Model s theory ,  whe n tw o Menta l  Mod -
el s ar e treate d a s alternatives ,  i t  i s a s a n argumen t  agains t 
some specifi c  conclusion ,  an d i n fac t  thi s i s th e basi s fo r  th e 
individuatio n o f  Menta l  Models .  Onl y th e difference s whic h 
ar e relevan t  t o th e trut h o r  falsit y o f  som e give n conclusio n 
ar e mad e full y  explicit .  Bu t  i t  i s  exactl y thi s typ e o f  alterna -
tio n tha t  i s  summarise d whe n a  conclusio n i s refute d i n th e 
presen t  natura l  deductio n system ,  an d onl y a  disjunctio n fol -

lows :  th e disjunctio n summarise s th e onl y salien t  differenc e 
betwee n th e tw o set s o f  logica l  models .  I t  shoul d b e clea r  o n 
thi s basis ,  contr a Evan s &  Ove r  (1997) ,  tha t  protoco l  analyse s 
woul d b e unlikel y t o b e sufficien t  t o distinguis h th e model -
base d metho d fro m thi s natura l  deductio n method ,  i f  w e as -
sume tha t  participant s ar e mos t  likel y t o mentio n th e mos t 
salien t  difference s betwee n th e case s unde r  consideration . 

Altough the natural deduction method in its present form 
i s primaril y intende d a s a  sceptica l  argument ,  i t  i s  eas y t o 
sketc h ho w i t  coul d b e develope d int o a  seriou s psychologi -
cal  model .  Perhap s th e mos t  importan t  development s woul d 
concer n th e productio n o f  appropriat e erro r  patterns ,  sinc e 
i t  i s  sometime s argue d tha t  model-base d method s provid e a 
natura l  accoun t  o f  errors ,  especiall y invali d conclusions ,  i n 
a wa y tha t  rule-base d method s canno t  (Christop h Schlieder , 
persona l  communication) .  I n th e presen t  metho d i t  i s  actuall y 
triviall y  eas y t o generat e invali d conclusion s — jus t  assum e 
tha t  a  reasone r  migh t  omi t  t o conside r  al l  th e disjunct s i n th e 
V-elimination .  Failur e t o dra w a  vali d conclusio n i s easil y im -
plemente d i n conventiona l  rule-base d implementations ,  suc h 
as Rips '  (1983 )  system ,  an d potentiall y  i n th e presen t  one , 
by makin g rul e applicatio n probabilistic ,  bu t  also ,  a s w e hav e 
seen i n Exampl e 2 ,  i n th e presen t  metho d failur e t o conside r 
th e existentia l  implication s o f  bot h premisse s ca n lea d t o suc h 
error s o f  omission . 
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Ther e i s n o nee d t o assum e tha t  Ih e rule s i n us e woul d 
be implemente d exactl y a s i n th e "paper "  version .  Fo r  ex -
ample ,  muc h o f  th e proo f  structur e (i.e .  th e V-eliminalion ) 
coul d i f  necessar y b e parallelised ,  an d Irealmcn l  o f  contradic -
tor y case s coul d b e change d i n numerou s ways .  Hypcrproo f 
(Barwis e &  Etchemendy ,  1994 )  provide s a  goo d exiimpl e o f 
th e wa y a  multiple-case s proo f  structur e ca n b e implemente d 
withou t  th e nee d fo r  muc h o f  th e fine  detai l  use d i n th e presen t 
implementation :  Hyperproof s v-eiiminatio n permit s case s 
t o b e eliminate d immediatel y whe n a  contradictio n i s found , 
withou t  th e nee d fo r  th e E x Fals o Quodlibe t  rul e use d here , 
and disjunction s ca n b e rea d of f  th e remainin g case s with -
out  th e nee d fo r  a n explici t  rul e o f  V-introduction .  Changin g 
suc h detail s certainl y woul d no t  mak e th e metho d an y les s 
rule-based . 

Althoug h thi s pape r  ha s focusse d o n onl y th e cas e o f  syl -
logisti c reasoning ,  i t  i s  straightforwar d t o exten d th e sam e 
approac h t o othe r  logica l  fragment s commonl y studie d i n th e 
reasonin g literature .  Prepositiona l  reasonin g i s certainl y sus -
ceptibl e t o suc h treatment ,  sinc e an y prepositiona l  formul a 
can b e rewritte n i n Canonica l  Disjunctiv e Norma l  For m (se e 
Lemmon,  1965) ,  s o an y model-base d prepositiona l  reasonin g 
metho d coul d b e implemente d usin g natura l  deductio n wit h 
maximall y explici t  representatio n o f  models . 

Conclusions 

I n vie w o f  th e eas e wit h whic h model-base d method s ca n b e 
implemente d a s rule-base d methods ,  i t  i s  difficul t  t o se e wha t 
substanc e ther e i s i n th e rule s versu s model s debate .  Evan s 
& Over' s (1997 )  approac h t o th e issue ,  avoidin g commit -
ment  t o particula r  version s o f  Menta l  Model s theory ,  owin g t o 
th e difficult y  o f  resolvin g th e debat e b y conventiona l  empiri -
cal  means ,  inadvertentl y lead s the m t o endors e model-base d 
method s i n general ,  leavin g the m ope n t o th e criticis m tha t 
ther e i s n o distinctio n betwee n rule-base d an d model-base d 
method s i n general . 

I f  th e debat e ca n b e resolved ,  i t  wil l  b e b y virtu e o f  on e o r 
othe r  well-specifie d theory' s empirica l  superiority .  Bu t  ulti -
matel y an y mode l  ca n b e implemente d i n numerou s differen t 
ways,  an d i t  i s  feature s expresse d a t  a  relativel y abstrac t  leve l 
tha t  serv e t o distinguis h th e clas s o f  empiricall y adequat e 
model s fro m th e rest .  Stennin g &  Yul e (1986 )  hav e show n 
tha t  a  variet y o f  divers e implementation s o f  Ih e Eule r  Circle s 
metho d hav e simila r  empirica l  consequences ,  sinc e mor e ab -
strac t  logica l  feature s o f  th e clas s o f  algorithm s accoun t  fo r 
th e empirica l  data .  Thu s imaginably ,  man y implementation -
all y distinc t  bu t  logicall y simila r  method s coul d exis t  i n th e 
population ,  an d th e mai n psychologica l  trend s (suc h a s th e 
"multipl e models "  effec t  an d th e effec t  o f  Figur e o n ter m or -
der  i n conclusions )  woul d stil l  emerg e fro m th e statistica l  ag -
gregate ,  sinc e the y reflec t  importan t  logica l  constraint s o n an y 
good solutio n strategy .  W e ca n understan d thes e higher-leve l 
constraint s onl y b y examinatio n o f  a  divers e rang e o f  alterna -
tives ;  th e dange r  i s  t o tak e a  singl e metho d to o seriously ,  an d 
thu s t o fai l  t o understan d wh y i t  work s th e wa y i t  does . 

The proble m o f  finding  a n appropriat e leve l  o f  abstractio n 

at  whic h t o expres s theoretica l  con.straint s i s no t  uniqu e t o 
Ih e stud y o f  rea.soning ;  i n cognitiv e modellin g generally ,  i t  i s 
h:u- d 1 0 separat e '  mere '  implementationa l  detai l  fro m th e the -
oretica l  commitment s o f  a  mode l  (Cooper ,  Fox ,  Farringdo n 
& Shallice ,  1996) .  I t  i s eas y l o b e misle d b y th e technicali -
tie s o f  implementin g a  mode l  a s a  compute r  program ,  o r  eve n 
on paper ,  suc h tha t  propertie s o f  thes e implementation s com e 
t o dominat e th e psychologica l  debate .  Ironicall y perhaps ,  a 
bette r  understandin g o f  th e reason s fo r  behaviou r  ma y com e 
fro m a  mor e thoroug h examinatio n o f  alternativ e model s tha n 
has usuall y bee n conducted . 
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