
UC Merced
Proceedings of the Annual Meeting of the Cognitive Science 
Society

Title
The Figural Effect and a Graphical Algorithm for Syllogistic Reasoning

Permalink
https://escholarship.org/uc/item/0g107419

Journal
Proceedings of the Annual Meeting of the Cognitive Science Society, 14(0)

Authors
Yule, Peter
Stenning, Keith

Publication Date
1992
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/0g107419
https://escholarship.org
http://www.cdlib.org/


T h e F i g u r a l  E f f e c t  a n d a  G r a p h i c a l  A l g o r i t h m f o r 

S y l l o g i s t i c R e a s o n i n g * 

Peter Yule Keith Stenning 

Centr e fo r  Cognitiv e Scienc e Huma n Communicatio n Researc h Centr e 

Edinburg h Universit y Edinburg h Universit y 

U.K .  U.K . 

pgy%cogsci.ed.ac.uk(&nsfnet-relay.ac.u k Ueith%cogsci.ed.ac.uk@nsfnet-relay.ac.u k 

Abstrac t 

Theories of syllogistic reasoning based on Eu-
le r  Circle s hav e foundere d o n a  combinatoria l 
explosio n cause d b y a n inappropriat e interpre -
tatio n o f  th e diagrams .  A  ne w interpretatio n i s 
proposed ,  eillowin g singl e diagram s t o abstrac t 
ove r  multipl e logica l  model s o f  premisses ,  per -
mittin g solutio n b y a  simpl e rule ,  whic h in -
volve s th e identificatio n o f  individual s whos e 
existenc e i s entaile d b y th e premisses .  Thi s so -
lutio n metho d suggest s a  performanc e model . 
whic h predict s som e o f  th e phenomen a o f  th e 
Figura l  Effect ,  a  tendenc y fo r  subject s t o pre -
fe r  conclusion s i n whic h th e term s preserv e 
thei r  grammatica l  statu s fro m th e premisse s 
(Johnson-Lair d k  Steedma n 1978).  2 1 stu -
dent s wer e aske d t o identif y th e necessar y in -
dividual s fo r  eac h o f  th e 6 4 pair s o f  premis.'5e> . 
Th e orde r  i n whic h th e thre e term s specify -
in g th e individual s wer e produce d wa s show n 
t o b e a s predicte d b y th e performanc e model . 
but  contrar y t o th e presume d prediction s o f 
Menta d Model s theory . 

Introduction 

Syllogism s ar e argument s fro m tw o premisse s t o 
a conclusion .  Bot h premisse s an d conclusio n ar e 
statement s o f  on e o f  fou r  types ;  "Al l  o f  th e A 
ar e B "  (A) .  "Som e o f  th e A'ar e B "  (I) .  Non e o f 
th e A  ar e B "  (E )  an d "Som e o f  th e A  ar e no t  B " 
(O) .  Eac h statemen t  i n th e premisse s contain s tw o 
terms :  on e term ,  th e middl e ter m (b) .  occur s i n 
bot h premisses ,  whil e th e othe r  tw o ( a an d c )  ar e 
know n a s th e en d terms .  Th e arrangemen t  o f  th e 
end an d middl e term s i n eac h o f  th e premisse s give s 
ris e t o a  four-wa y classification ,  know n a s th e fig -
ur e o f  th e syllogis m (se e Tabl e 1) .  I t  shoul d b e 

'Th e suppor t  o f  th e Economi c an d Socia l  Re- r  irl i 
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fo r  thei r  fundin g o f  th e Huma n Communicatio n Re -
searc h Centr e ( H C R C ) ,  an d th e suppor t  give n t o Pete r 
Yul e i n th e for m o f  a n E S R C Researc h Studentshi p 
Award . 

note d tha t  ou r  terminolog y i n thi s matte r  follow s 
th e usag e o f  Johnson-Lair d (1983) ,  an d tha t  lik e 
Johnson-Laird ,  w e tak e th e ter m "syllogism "  t o re -
fe r  t o an y o f  th e 6 4 pair s o f  prenusses ,  rathe r  tha n 
a pai r  o f  premisse s plu s a  conclusion . 

Psychologica l  theorie s o f  syllogisti c reasonin g at -
temp t  t o accoun t  fo r  subjects '  error s an d respons e 
biase s i n solvin g syllogisms .  Althoug h esurl y the -
orie s suc h a s th e Atmospher e Hypothesi s (Wood -
wort h an d Sell s 1935 )  accoun t  fo r  som e c o m m o n 
errors ,  the y canno t  accoun t  fo r  correc t  performanc e 
i n man y cases .  Theorie s whic h d o explai n correc t 
performanc e ar e ofte n base d o n th e logica l  mode l 
theor y o f  th e syllogism .  Mos t  seriou s theorie s o f 
thi s typ e ar e base d o n th e metho d o f  Eule r  Circles , 
whic h use s circle s t o represen t  set s o f  entities . 

Unfortunatel y th e ter m "method "  i s  perhap s a 
misnome r  fo r  th e us e o f  Eule r  Circles ,  sinc e th e ex -
act  metho d o f  thei r  employmen t  i s a t  bes t  implici t 
i n logi c textbooks .  Psychologica l  theorie s typicall y 
hav e u.se d eac h diagra m t o represen t  a  singl e logica l 
model  o f  th e premisses ,  resultin g i n a  many-man y 
mappin g betwee n statemen t  type s an d diagram s 
(se e Fig .  1) .  T w o diagrams ,  on e fo r  eac h premiss , 
ar e integrate d t o for m a  registratio n diagra m b y su -
perimposin g th e middl e ter m circle s fro m each .  T o 
solv e a  syllogis m thi s way ,  al l  possibl e combination s 
of  al l  possibl e pair s o f  diagram s hav e t o b e consid -
ered .  A  vali d conclusio n i s the n on e whic h i s mod -
elle d b y al l  o f  th e possibl e registratio n diagram s fo r 
a problem .  Th e theorie s o f  Erickso n (1974 )  an d 
Sternber g (e.g .  Guyot e an d Sternber g 1981 )  bot h 
make thi s assumption .  Unfortunatel y th e numbe r 
of  registratio n diagram s ca n b e inordinatel y large , 
and th e method s employe d b y thes e theorie s t o cu t 
down th e searc h spac e mak e the m incomplet e an d 

Premis s 
1 
2 

Figur e 
1 - i  3  4 

ab b a a b b a 
be c b c b b e 

Tabl e 1 :  Th e fou r  figures  o f  th e syllogism . 
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MAare B 

Some A  ar e B 

Some A  ar e no t 
B 

NoAareB 

Fig .  1 :  Th e five  Gergonn e relation s betwee n a  pai r 
of  circles ,  an d ho w the y mode l  eac h o f  th e fou r 
statemen t  types . 

consequently unable to account for correct perfor-
mance (Johnson-Lair d 1983) . 

Johnson-Laird' s rejectio n o f  al l  method s base d 
on Eule r  circle s rest s o n a  taci t  assumptio n tha t 
Eule r  circle s mus t  b e primitively "  interpreted ,  s o 
tha t  on e diagra m alway s stand s fo r  on e logica l 
model .  Hi s propose d alternativ e i s th e theor y o f 
Menta l  Models ,  i n whic h individua l  menta l  repre -
sentation s stan d fo r  mor e tha n on e logica l  model . 
by device s suc h a s th e representatio n o f  optiona l  el -
ement s (Johnson-Lair d 1983) .  o r  a  conventio n tha t 
makes i t  explici t  whe n a  se t  ha s bee n exhaustivel y 
represented ,  constrainin g th e way s i n whic h a  skele -
tci l  mode l  ca n b e "fleshe d out "  (Byrn e an d Johnson -
Lair d 1991) .  Eithe r  way ,  eac h menta l  mode l  ab -
stract s ove r  on e o r  mor e logica l  models ,  s o tha t  a n 
explosio n o f  menta l  representation s i s avoided . 

But  Eule r  circle s ca n als o b e interprete d i n suc h 
a wa y tha t  singl e diagram s abstrac t  ove r  multipl e 
logica l  models .  Eac h statemen t  typ e ha s a  max -
tma l  model ,  whic h contain s al l  individual s whic h 
ar e compatibl e wit h th e statement ,  an d a  miniina l 
model ,  whic h contain s onl y individual s whos e exis -
tenc e i s entaile d b y it .  Representin g th e minima l 
model  a s a  shade d regio n withi n th e diagra m whic h 
represent s th e maxima l  model ,  w e obtai n jus t  on e 
cliaractenstt c diagra m pe r  statemen t  (se e Fig .  2) . 

Each regio n withi n th e diagra m iepre.sent s a  dif -
feren t  typ e o f  individual .  A  simpl e notatio n fo r 
individual s i s th e typ e descriptor .  Thi s i s jus t  a 
featur e structure .  Feature s ar e constructe d fro m 
th e term s appearin g i n th e premisses ,  prefixe d b y 
"-H "  o r  '•-" .  whic h indicat e whethe r  th e individ -
ual  concerne d i s o r  i s no t  a  member  o f  th e se t 
denote d b y th e term .  Fo r  exampl e "-t-seiitieiit -
creatur e —Martian"' ,  describe s a  ̂ entien t  creatur e 
whic h i s no t  Martian . 

T h e se t  o f  individual s whos e existenc e I s entaile d 
by th e premisse s [necessar y indntduals )  ca n b e de -

ds ) 

-t  AllAart B 

< Som e A  ar e B 

"*  Som e A  ar e no t 
B 

(I I  fll )  (dl'll )  * *  N o A a r e B 
m> 

Fig .  2 :  Characteristi c diagram s fo r  eac h state -
ment  type ,  wit h shade d region s representin g mini -
mal  models . 

m 

Fig .  3 :  Registratio n diagra m fo r  th e proble m "Al l 
of  th e a' s ar e b's .  Al l  o f  th e b' s ar e c's" .  Th e cen -
tral ,  unbisecte d circl e correspond s t o th e individua l 
-ha-l-b-f-c . 

termined by forming a registration diagram from 
th e tw o characteristi c diagrams ,  overlappin g th e 
circle s representin g th e en d term s i f  thi s i s consis -
ten t  wit h th e premisse s (thi s i s equivalen t  t o form -
in g a  maxima l  mode l  o f  th e premis s pair) .  Th e 
necessar y individual s correspon d t o shade d region s 
fro m th e characteristi c diagram s whic h ar e no t  bi -
secte d durin g th e formatio n o f  th e registratio n di -
agram .  Fig .  3  show s a n exampl e registratio n dia -
gram ,  fo r  a  proble m whic h establishe s a  necessar y 
individual ,  an d Fig .  4  show s th e registratio n dia -
gra m fo r  a  proble m whic h doe s no t  establis h an y 
necessar y individuals ,  an d s o lack s vah d conclu -
sions .  I n al l  ther e ar e 2 1 distinc t  registratio n di -
agra m types ,  th e ful l  se t  o f  whic h ca n b e foun d i n 
Stennin g (1992) . 

Necessar y individual s ca n for m th e basi s fo r 
tiuantifie d conclusions .  Particula r  (i.e .  existential ) 
conclusion s ca n b e draw n immediatel y b y droppin g 
th e middl e ter m fro m th e typ e descripto r  an d pick -
in g a  -I -  ter m a s th e subjec t  o f  th e conclusio n (e.g . 

Fig .  4 :  Registratio n diagra m fo r  th e proble m "Al l 
of  th e a s ar e b's .  Al l  o f  th e c' s ar e b's" ,  whic h lack s 
vali d conclusions .  Not e tha t  th e shade d end-ter m 
circle s overlap ,  bisectin g eac h other . 
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Fig .  5 :  Registratio n diagram s fo r  th e U-vali d prob -
le m types ,  whic h establis h necessar y individual s 
but  lac k quantifie d conclusions . 

"Some sentient creatures are not Martian'). For 
universa l  conclusion s wit h subjec t  X .  dro p th e mid -
dl e ter m featur e an d pic k a  featur e -l- X suc h tha t  X 
correspond s t o a n unbisecte d circula r  shade d regio n 
i n th e registratio n diagram .  Not e tha t  althoug h th e 
"doubl e negative "  problem s correspondin g t o th e 
diagram s i n Fig .  5  establis h necessar y individuals , 
the y lac k queuitifie d conclusion s becaus e neithe r  o f 
th e end-ter m feature s i s + .  I t  woul d b e necessar y 
t o hav e anothe r  statemen t  typ e "Som e o f  th e no t  A 
ar e no t  B" ,  whic h w e cal l  typ e U .  t o expre.s s thes e 
conclusions . 

Thi s metho d constitute s a  decisio n procedur e 
fo r  th e categoria l  syllogism ,  an d i t  ha s bee n im -
plemente d i n Prolog .  Th e interpretatio n o f  th e 
method ,  an d it s relatio n t o th e theor y o f  Men -
ta l  Models .  I S detaile d i n Stennin g an d Oberlande r 
(199*2 )  an d Stennin g (1992) . 

Th e metho d ca n b e adapte d t o provid e a  rang e o f 
performanc e model s o f  syllogisers .  Ou r  approac h i s 
t o adap t  th e competenc e mode l  t o giv e a  mode l  o f 
correc t  performance ,  whic h permit s breakdown s t o 
accoun t  fo r  subjects "  errors .  Erroneou s conclusion s 
ca n b e accommodate d b y assumin g tha t  subject s 
use sub-maxima l  diagrams ,  o r  registe r  diagram s 
sub-maximally .  Thi s i s equivalen t  t o cissumin g sub -
ject s fai l  t o conside r  al l  possibl e logica l  models .  W e 
assume th e inferenc e proces s involve s th e identifi -
catio n o f  a  shade d regio n i n th e characteristi c di -
agra m fo r  on e o f  th e premisses ,  followe d b y a  tes t 
usin g th e informatio n fro m th e othe r  premis s t o find 
out  i f  th e shade d regio n i s bisecte d b y registratio n 
or  not .  Fo r  optima l  performanc e thi s proces s mus t 
be iterate d fo r  eac h shade d region ,  an d failur e t o 
do .s o m a y resul t  i n a n erroneou s "N o vali d conclu -
sion" '  response .  W e cal l  th e premis s whic h provide s 
th e shade d regio n th e •sourc e premiss .  \V e mak e 
no claim s abou t  th e wa y i n whic h subject s find  th e 
sourc e premiss ;  i t  coul d b e systemati c o r  random . 
exhaustiv e o r  not .  Bu t  b y hypothesis ,  productio n 
of  a  vali d conclusio n entail s tha t  th e subjec t  ha s 
successfull y identifie d th e source . 

We clai m tha t  th e Figura l  Effec t  describe d b y 
Johnson-Lair d e t  a l  (Johnson-Lair d i :  Steedma n 

1978 ,  Johnson-Lair d 1983 ,  Johnson-Lair d k  Bar a 
1984 ,  Byrn e &  Johnson-Lair d 1991) ,  i s  a  conse -
quenc e o f  th e assymmetr y betwee n th e role s o f  th e 
tw o premisse s i n establishin g necessar y individu -
als .  Basically ,  th e Figura l  Effec t  i s  th e tendenc y 
fo r  term s t o preserv e thei r  grammatica l  statu s fro m 
premisse s t o conclusion .  S o i n th e proble m S o m e 
of  th e Arttst s ar e Beekeepers ,  Al l  o f  th e Beekeep -
er s ar e Chemtsis ,  bot h o f  th e conclusion s S o m e o f 
th e Arixsi s ar e Chemtsi s an d S o m e o f  th e Chemist s 
ar e Artist s ar e vahd ,  althoug h th e vas t  majorit y 
of  subject s produc e onl y th e former .  I n figur e 1 , 
then ,  th e preferre d conclusion s ar e a c ones ,  i n figur e 
2 the y ar e c a ones ,  whil e i n th e othe r  tw o figure s 
bot h type s ar e equall y c o m m o n .  Johnson-Laird' s 
accoun t  o f  thi s effec t  i s  touche d o n briefl y below , 
but  i s describe d i n detai l  i n th e source s cite d above . 

We assum e tha t  th e typ e descripto r  i s buil t  u p 
incrementall y durin g th e reasonin g process ,  s o th e 
term s fro m th e sourc e premis s shoul d preced e th e 
end ter m fro m th e othe r  premiss.  Give n tha t  qu&a -
tifie d conclusion s wil l  ten d t o preserv e thi s orderin g 
i f  possible ,  respons e biase s towau- d conclusion s wit h 
one o r  othe r  end-ter m orderin g ar e explicabl e i n 
term s o f  whic h o f  th e premisse s i s th e source .  Thi s 
tend s t o var y wit h th e figur e o f  th e syllogism .  Con -
side r  th e proble m A a b A b c (se e Fig .  3) .  Althoug h 
th e characteristi c diagram s fo r  bot h th e premisse s 
contai n shade d areas ,  onl y th e shade d are a fro m 
th e first ,  correspondin g t o th e ter m a ,  i s unbisecte d 
by registration .  S o w e predic t  conclusion s i n whic h 
a i s th e subject ,  namel y Aa c o r  lac ,  bu t  no t  lea , 
althoug h al l  thre e ar e valid .  Ther e ar e thre e prob -
lem s i n figure 1  tha t  permi t  vali d conclusion s wit h 
bot h possibl e ter m order s (a c an d ca) .  Fo r  tw o o f 
thes e problems ,  th e onl y possibl e sourc e premis s i s 
Premis s 1 .  an d fo r  th e other ,  bot h premisse s ar e 
potentia l  source s (se e Fig .  6  below) .  Therefor e th e 
theor y predict s figural  effect s fo r  th e firs t  two ,  bu t 
doe s no t  predic t  a  figural  effec t  fo r  th e thir d (bu t 
see below) .  Similarl y i n figure  2 ,  ther e ar e thre e 
problem s wit h fre e ter m orde r  i n vali d conclusions , 
tw o o f  whic h hav e sourc e Premis s 2 ,  an d th e othe r 
lia s tw o potentia l  sources .  I n figures  3  an d 4 ,  w e ca n 
als o predic t  ter m ordering s i n individua l  problems , 
and th e predicte d number s o f  a c an d c a ordering s 
ar e equal. ^ 

Our  approac h therefor e offer s a n extensio n o f  th e 
traditiona l  Eigura l  Effect ,  sinc e w e ca n mak e spe -
cifi c  prediction s i n figures 3  an d 4 ,  bu t  i t  i s  a t 
presen t  limite d t o prediction s fo r  vali d conclusion s 
only .  Thi s i s becaus e onl y i n thes e case s i s ther e a 
principle d basi s o n whic h t o decid e wha t  th e sourc e 
premis s is ,  bu t  i n principl e th e theor y shoul d b e ex -

'  Figur e 2  problem s ar e equivalen t  t o figur e 1  prob -
lem s whe n th e premis s orde r  i s inverted ,  an d i n th e 
remainin g tw o figure s eac h proble m ha s a n equivalen t 
inverte d proble m i n th e sam e figure. 
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tensibl e t o handl e th e Figura l  Effec t  i n nivali d con -
clusions .  T o d o this ,  i t  i s  necessar y t o identif y th e 
representation s use d b y subjects :  the n th f  sourc e 
premis s ca n b e identifie d pos t  hoc .  providmj ^  a  ba -
si s o n whic h t o predic t  ter m orders .  W e uiiciu l  t o 
attemp t  thi s wor k i n future . 

Althoug h Menta l  Model s theor y ca n a t  presen t 
offe r  a n accoun t  o f  th e Figura l  Effec t  i n invali d con -
clusion s a s wel l  a s i n vali d conclusions ,  th e presen t 
approac h ha s th e advantag e tha t  th e Figura l  Ef -
fec t  a s w e trea t  i t  follow s fro m logica l  ratiie r  tha n 
physica l  feature s o f  th e representation s use d i n in -
ference .  Consequentl y i t  i s  no t  .s o dependen t  o n 
th e assumptio n tha t  al l  subject s follo w th e sam e 
procedur e whe n solvin g syllogisms ,  whic h i s rathe r 
implausibl e considerin g th e grea t  difference s i n ex -
perienc e betwee n differen t  subjec t  groups . 

Th e traditiona l  syllogis m tas k ha s a  "degrees-of -
freedom "  problem ,  becaus e fo r  man y syllogism s th e 
orde r  o f  th e en d term s i n vali d conclusion s i s no t 
fre e t o vary ,  excep t  i n I  an d E  conclusion s How -
ever ,  i n a  tas k i n whic h subject s ar e aske d t o iden -
tif y th e individual s entaile d b y a  pai r  o f  premisses . 
th e orde r  o f  mentio n o f  th e term s i s completel y in -
dependen t  o f  th e validit y o f  th e conclusion .  Addi -
tionally ,  ther e ar e vali d conclusion s fo r  mor e prob -
lem s tha n i n th e traditiona l  task ,  sinc e som e o f  th e 
double-negativ e problem s establis h individual s bu t 
non e o f  th e conclusion s A ,  I .  E  o r  0 .  Thes e ar e th e 
problem s whic h establis h 'U-conclusions "  Ou r  the -
or y maintain s tha t  th e identificatio n o f  necessar y 
individual s i s a  prerequisit e t o drawin g a  quantifie d 
conclusion ,  s o thi s tas k i s relevan t  t o th e traditiona l 
task . 

Wit h thi s task ,  w e als o nee d t o b e abl e t o pre -
dic t  th e positio n o f  th e b  term ,  whic h ca n b e don e 
by specifyin g th e orde r  i n whic h th e term s fro m 
th e sourc e premis s ar e mentioned .  I n th e cas e o f 
universa l  premisses ,  eac h candidat e individua l  i s 
uniquel y identifie d b y a  singl e positiv e term ,  fo r  ex -
ample ,  th e minima l  mode l  o f  Al l  o f  th e a  ' s  ar e b  s 
i s jus t  th e se t  a ,  al l  o f  whos e member s ar e implie d 
t o b e b .  s o th e predicte d ordere d typ e descripto r  i s 
-l-a-fb .  Particula r  premisse s ar e mor e troublesome . 
but  fo r  th e presen t  w e assum e tha t  th e subjec t  fea -
tur e precede s th e predicat e feature .  Typ e descrip -
tor s fo r  necessar y individual s ar e the n compose d o f 
th e ordere d typ e descripto r  fo r  th e candidat e indi -
vidual ,  followe d b y th e featur e correspondin g t o th e 
remainin g en d term . 

Althoug h th e presen t  theor y make s prediction s 
abou t  th e orderin g o f  en d term s i n vali d quantifie d 
conclusion s rathe r  simila r  t o thos e mad e b y Menta l 
Model s theory ,  th e prediction s o f  th e tw o theorie s 
diverg e whe n w e conside r  th e necessar y individual s 
task .  Accordin g t o Menta l  Model s theory ,  subject s 
creat e a  menta l  mode l  i n whic h token s representin g 
instance s o f  th e middl e ter m occu r  belweo i  token s 
representin g instauice s o f  th e en d terms ,  i n a  two -

i f # • - • 

Fig .  6 :  Registratio n diagra m fo r  th e proble m "Al l 
of  th e a' s ar e b's .  Non e o f  th e b' s ar e c's" .  Not e 
tha t  ther e ar e tw o unbisecte d shade d areas . 

dimensional spatial array, and then read off con-
clusion s fro m on e en d o f  th e mode l  t o th e other ,  s o 
th e onl y predicte d order s woul d presumabl y b e ab c 
and cba .  However ,  th e presen t  theor y additionall y 
predict s occurrence s o f  th e order s ba c an d bca . 

Finally ,  thi s tas k allow s u s t o m a k e prediction s 
concernin g som e o f  th e problem s whos e sourc e ca n 
be eithe r  premiss .  Th e problem s i n questio n ar e 
tho.s e whic h hav e a n A  premis s whos e subjec t  i s 
an en d term ,  an d a n E  premis s (e.g .  A a b E b c -
Fig .  6  show s th e registratio n diagram) .  Problem s 
of  thi s typ e establis h 2  individuals ,  eac h o f  whic h 
has a  differen t  sourc e premiss .  Accordin g t o th e 
theory ,  eac h o f  thes e individual s support s a  dif -
feren t  quantifie d conclusion ,  sinc e eac h ha s onl y 
one positiv e featur e correspondin g t o a n en d ter m 
(e.g .  -ha-l-b- c support s Ea c an d -Hc-b— c support s 
Eca) .  Sinc e w e canno t  predic t  whic h premis s wil l  b e 
sourc e her e w e canno t  predic t  a  figural  effect ,  bu t 
we ca n tes t  fo r  a n associatio n betwee n th e sourc e 
and ter m order ,  sinc e th e sourc e ca n b e determine d 
pos i  ho c o n th e basi s o f  th e conclusio n tha t  i s  draw n 
by th e subject .  Specifically ,  answer s whos e sourc e 
i s th e A  premis s shoul d hav e th e en d ter m fro m 
tha t  premis s befor e tha t  fro m th e other ,  an d an -
swer s whos e sourc e i s th e E  premis s shoul d hav e 
th e opposit e en d ter m order . 

Method 

Design Each subject produced one answer for 
eac h o f  th e 6 4 syllogisms ,  whic h wer e presente d i n 
rando m order . 

Subject s 2 1 subjects ,  eithe r  Psycholog y under -
graduate s o r  postgraduate s i n Cognitiv e Science , 
wer e eac h pai d £ b t o tak e part . 

Material s Eac h subjec t  receive d a  se t  o f  6 4 slip s 
of  paper ,  o n eac h o f  whic h wa s printe d a  differ -
ent  pai r  o f  premisses .  Th e vocabular y use d wa s 
selecte d fro m set s o f  noun s denotin g nationalities , 
profession s an d interests ,  fo r  exampl e Non e o f  th e 
wusician s ar e chessplayers .  Al l  o f  th e musician a 
ar e Uahans .  Eac h vocabular y ite m appeare d i n tw o 
syllogisms ,  an d tw o diflferen t  rando m assignment s 
of  vocabular y t o syllogism s wer e used . 

P rocedur e Subject s wer e instructe d t o imagin e 
tha t  th e premisse s describe d a  grou p o f  peopl e a t 
a party ,  an d t o decid e whethe r  an y kin d o f  perso n 
w ho coul d b e describe d wit h certainty ,  i n term s o f 
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End ter m orde r 
ac 

Sourc e Premis s 

1 
77. ^ 
213 

2 

218 

Bot h 
65. 7 
134 

O r e rai l 

j(i 5 

Tab l e 2 :  Percentage s o f  correc t  vali d conclusion s 
wi t h e n d - t e r m order in g a c i n p r o b l e m s wi t h sourc e 
premis s first,  secon d o r  either . 

N 
Tota l 

O r d e r  \ 
abc cb a 

194 14 8 
342 

bac bo a 

236 15 6 
392 

cab ac b 

51 1 9 
50 

Tabl e 4 :  Frequencie s o f  response s wit h eac h possi -
bl e ter m orderin g (tota l  N=784) . 

Predicte d 
N 

Figur e 

1 
86. 2 
138 

2 
79. 5 
122 

3 
85. 2 

88 

4 
62. 2 
217 

Ovrral l 
7.-). 4 
•)6 5 

Tab l e 3 :  Percentage s o f  predicte d t e r m ordering s i n 
correc t  response s t o p r o b l e m s wi t h vali d individua l 
conclusion s i n eac h figure. 

eithe r  positiv e o r  negativ e value s o f  al l  thre e fea -
tures ,  h a d t o b e presen t  i n th e r o o m .  T h e y we r e 
instructe d t o a s s u m e tha t  s o m e peopl e correspond -
in g t o eac h o f  th e thre e t e r m s existed .  T h e y w e r e 
aske d t o describ e th e individua l  o n th e sli p o f  pa -
per ,  o r  i f  ther e wci s n o individual ,  t o writ e N o vali d 
conclusion" '  Sub jec t s w o r k e d alon e i n quie t  sur -
roundings ,  an d wer e give n a s muc h tim e a s the y 
neede d t o finish  al l  th e problems . 

Results 

Tabl e 2  show s ho w th e orde r  i n whic h th e en d 
term s ar e mentioned ,  i n typ e descriptor s  fo r  correc t 
answer s t o problem s wit h vali d conclusions ,  varie s 
wit h sourc e premiss .  Th e variable s ar e strongl y as -
sociate d (\-(2 )  =  116.0 ,  p  <  0.0001) ,  suc h "tha t 
a tend s t o preced e c  whe n th e first  premis s i s th e 
source ,  an d c  tend s t o preced e a  whe n th e secon d 
premis s i s ih e source .  Not e tha t  ther e i s som e over -
al l  tendenc y fo r  a  t o b e mentione d befor e c .  particu -
larl y i n problem s wher e eithe r  premis s ca n functio n 
as th e source . 

Tabl e 3  show s th e percentage s o f  correc t  re -
sponse s t o problem s wit h vali d conclusion s whic h 
occu r  i n th e predicte d order s i n eac h figure  o f  th e 
syllogism .  Overall ,  75.4 % o f  response s wer e a s pre -
dicted ,  an d ther e wa s a  majorit y o f  predicte d re -
sponse s i n eac h figure.  However ,  th e eflfec t  i s  no t 
entirel y independen t  o f  figure  (\"(3 )  =  34.77 .  p  < 
.0001) ,  th e mai n divergenc e fro m th e overal l  tren d 
bein g i n figure  4 .  wher e a  substantia l  minorit y o f 
response s occurre d i n unpredicte d orders . 

Tabl e 4  show s th e frequencie s o f  response s hav -
in g eac h o f  th e possibl e ter m orderings .  I t  i s  clea r 
that ,  agains t  th e presume d prediction s o f  Menta l 
Model s theory ,  response s wit h ba c an d bc a order s 
actuall y outnumbe r  thos e wit h ab c an d cb a orders . 
As predicte d b y bot h accounts ,  ther e ar e ver y fe w 
case s i n whic h th e b  ter m occur s last . 

End-ter m orde r 

AE 
EA 
Tota l 

Sourc e Premis s 
A E 

64 0 
4 1 0 

6& 1 0 

Tota l 
64 
14 

78 

Tabl e 5 :  Associatio n betwee n end-ter m orde r  an d 
sourc e premis s fo r  vali d conclusion s t o problem s 
whic h establis h tw o individuals .  End-ter m orde r 
i s sai d t o b e A E i f  th e en d ter m fro m th e A  premis s 
precede s tha t  fro m th e E  premiss . 

Finally, Table 5 shows the relation between 
end-ter m orde r  an d sourc e premis s fo r  al l  o f  th e 
th e problem s whic h establis h tw o individual s (e.g . 
Fig .  6) .  O n th e basi s  o f  th e response ,  w e ca n deter -
min e whethe r  th e A  o r  E  premis s i s th e source ,  an d 
we predic t  tha t  th e end-ter m fro m th e sourc e pre -
mis s shoul d preced e th e end-ter m fro m th e other . 
As th e Tabl e shows ,  ther e ar e mor e response s wit h 
th e A  premis s a s sourc e tha n wit h th e E  premis s a s 
source ,  an d th e end-ter m orde r  i s strongl y predicte d 
bv th e sourc e premis s (Yates '  \'{l )  =  46.24 ,  p  < 
.0001) . 

Discussion 

The result s o f  th e experimen t  sho w tha t  th e sourc e 
premis s fo r  a  proble m i s strongl y associate d wit h 
th e orde r  o f  mentio n o f  th e en d terms ,  i n bot h de -
terminat e an d indeterminat e problems .  Th e three -
ter m orde r  prediction s ar e als o confirmed ,  an d wit h 
th e exceptio n o f  th e anomalou s resul t  fo r  figure  4 
(discusse d below) ,  th e effec t  i s  unifor m acros s fig-
ures ,  s o th e figural  effec t  i s explaine d b y th e distri -
butio n o f  differen t  proble m type s amon g th e figures. 
.So ou r  mode l  ca n offe r  a  unifor m accoun t  o f  orde r 
effect s i n bot h thi s tas k an d th e traditiona l  syllo -
gis m task .  Althoug h Menta l  Model s theor y hjin -
dle s th e phenomen a o f  th e traditiona l  tas k well ,  i t 
fail s  t o predic t  th e larg e numbe r  o f  response s i n thi s 
tas k i n whic h th e b  ter m occur s first,  s o i t  canno t 
at  presen t  offe r  a  unifor m accoun t  o f  th e tw o tasks . 

Menta l  Model s theory ,  o f  course ,  purport s t o ac -
coun t  fo r  othe r  aspect s o f  performanc e i n th e tradi -
tiona l  task .  Johnson-Lair d (e.g .  1983 )  ha s argue d 
tha t  th e numbe r  o f  menta l  model s whic h nee d t o b e 
considere d t o solv e a  proble m predict s it s empiri -
cal  difficult y quit e well .  However ,  Ardi n (1991 )  ha s 
shown tha t  i n thi s experiment' s data ,  althoug h one -
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Fig .  7 ;  Registratio n diagra m fo r  th e proble m Al l 
of  th e b' s ar e as ,  Some o f  th e b" s ar e c's " 

model  problem s ar e easie r  tha n th e others ,  ther e i s 
no significan t  differenc e betwee n two -  an d three -
model  problems .  Ou r  theor y doe s no t  rel y o n th e 
constructio n o f  differen t  models ,  s o i t  canno t  ac -
coun t  fo r  difference s i n difficult y i n suc h terms ,  bu t 
i t  ma y b e tha t  difficult y ca n b e predicte d b y th e 
number  o f  candidat e individual s whic h hav e t o b e 
considered .  Thi s ha s ye t  t o b e investigated . 

The result s o f  th e experimen t  showe d tha t  a  sub -
stantia l  minorit y o f  correc t  response s t o figur e 4 
problem s di d no t  occu r  i n th e predicte d orders . 
Ther e ar e indication s tha t  thi s i s du e t o anothe r 
strateg y whic h ca n occu r  whe n th e non-sourc e pre -
mis s i s o f  typ e A .  Subject s sometime s produc e 
th e term s fro m thi s premis s befor e thos e fro m th e 
"true "  sourc e premiss ,  bu t  onl y unde r  specia l  con -
ditions ,  whe n th e shade d regio n fro m th e A  premis s 
i s bisecte d b y registration ,  bu t  on e o f  th e halve s i s 
itsel f  a n unbisecte d shade d region ,  an d s o repre -
sent s a  necessar y individual .  Ordinarily ,  w e woul d 
expec t  subject s wh o hav e detecte d bisectio n o f  a  re -
gio n eithe r  t o giv e a  "n o vali d conclusion '  response , 
or  star t  aifres h wit h a  shade d regio n fro m th e othe r 
premis s t o fin d th e unbisecte d shade d region ,  bu t  i n 
thi s cas e i t  appear s tha t  the y ca n detec t  th e crit -
ica l  regio n o n th e firs t  pass ,  an d s o produc e th e 
term s i n th e orde r  whic h woul d b e predicte d i f  th e 
A premis s wa s th e source .  A n exampl e i s Abalb c 
(se e Fig .  7) .  Ther e ar e simila r  problem s i n al l  th e 
figures ,  bu t  mos t  ar e i n figur e 4 .  wher e th e effec t 
i s  mos t  pronounced .  Th e tendenc y fo r  subject s t o 
conside r  th e A  premis s first,  o r  th e "A-effect" .  ha s 
previousl y bee n note d b y Le e (1987) . 

The result s o f  th e analysi s o f  th e Fig .  (3-typ e 
problem s als o sugges t  th e presenc e o f  a n A-effect . 
insofa r  a s mos t  o f  th e vali d conclusion s t o thes e 
problem s ar e onl y accessibl e fro m th e . \  sourc e 
rathe r  tha n th e E  source .  This ,  alon g wit h th e cor e 
theory ,  ca n explai n th e figurs d effec t  fo r  thes e prob -
lems ,  a s follows .  Fo r  th e proble m AabEbc .  th e A -
sourc e individua l  conclusio n i s -|-a-(-b-c .  whic h sup -
port s onl y th e quantifie d conclusio n Eac ,  sinc e th e 
positiv e end-ter m featur e i s a ,  whic h mus t  therefor e 
for m th e subjec t  o f  th e conclusion ,  s o th e conclu -
sio n i s figural.  Simila r  argument s hol d fo r  th e fig-
ur e 2  problem ,  a s wel l  a s th e tw o i n figure  3 .  on e o f 
whic h support s Ea c an d on e o f  whic h support s Eca . 
Subjects "  preference s concernin g whic h premis s t o 
conside r  first  ar e independen t  o f  th e centra l  claim s 
of  thi s paper ,  bu t  i t  appear s tha t  augmentin g th e 
theor y b y includin g th e A-effec t  woul d successfull y 

accoun t  fo r  som e figural  phenomen a o n whic h th e 
cor e theor y remain s neutral . 

I n conclusion ,  i t  i s  clea r  tha t  a  metho d fo r  solvin g 
syllogism s usin g isomorph s o f  Eule r  Circle s ca n no t 
onl y avoi d larg e number s o f  representations ,  bu t 
ra n als o explai n som e classi c psychologica l  result s 
usin g minima l  auxihar y assumptions .  W e hop e 
soon t o produc e evidenc e tha t  th e theor y ca n als o 
accoun t  fo r  th e Figura l  Effec t  i n invali d conclusions . 
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