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Counterfactua l  Reasoning : 

Inference s f r o m Hypothetica l  Conditional s 

Rut h M.J .  Byrn e 
Psycholog y Department , 

Universit y o f  Dublin ,  Trinit y College , 
Dubli n 2 ,  I R E L A N D 

r m b y r n e @ v a x l . t e d . i e 

A lessand r a T a s s o 
Psycholog y Department , 

Universit y o f  Padua , 
I T A L Y 

p s i c o 0 6 @ i p d u n i v x . u n i p d . i t 

Abstrac t 

Hypothetical reasoning - thinking about what might happen 
i n th e futur e o r  wha t  migh t  hav e happene d i n th e pas t  -
enable s u s t o g o beyon d factua l  reality .  W e sugges t  tha t 
human reasoner s construc t  a  mor e explici t  menta l 
representatio n o f  hypothetica l  conditionals ,  suc h as .  I f  Lind a 
wer e i n Dubli n the n Cath y woul d b e i n Galway ,  tha n o f 
factua l  conditionals ,  suc h as ,  i f  Lind a i s  i n Dubli n the n Cath y 
i s i n Galway .  Whe n peopl e thin k abou t  th e factua l 
conditional ,  the y kee p i n min d th e affirmativ e situatio n - -
Lind a i s i n DubUn ,  Cath y i s i n Galway ,  an d the y maintai n 
onl y a n implici t  awarenes s tha t  ther e ma y b e alternative s t o 
thi s situation .  I n contrast ,  whe n the y thin k abou t  th e 
hypothetica l  conditional ,  the y kee p i n min d no t  onl y th e 
affirmativ e situation ,  bu t  als o th e presuppose d negativ e on e 
(Lind a i s no t  i n Dublin ,  Cath y i s no t  i n Galway) .  Th e 
postulate d difference s i n menta l  representation s lea d u s t o 
expec t  difference s i n th e frequenc y o f  inference s tha t  peopl e 
make fro m th e tw o sort s o f  conditionals ,  an d w e repor t  th e 
result s o f  a n experimen t  tha t  corroborate s thi s prediction . 
The psychologica l  dat a hav e implication s fo r  philosophica l 
and linguisti c account s o f  counterfactua l  conditionals ,  an d 
fo r  artificia l  intelligenc e program s designe d t o reaso n 
hypothetically . 

Hypothetical Conditionals 

We stretc h ou r  imagination s most ,  outsid e o f  daydreams , 
when w e thin k abou t  hypothetica l  possibilities .  Thi s 
capacit y ensure s tha t  w e ar e no t  mentall y tie d t o th e 
situatio n w e find  ourselve s i n an d w e ca n thin k abou t  othe r 
situation s tha t  diffe r  fro m it .  W e engag e i n suc h 
hypothetica l  thinkin g whe n w e mul l  ove r  th e past , 
wonderin g wha t  migh t  hav e been ,  e.g. , 

L If John had worn a seat belt, his injuries would have 
been negligible . 

We also do so when we look to the future, thinking about 
what  migh t  be ,  e.g. . 

2.  I f  th e ozon e laye r  wer e replenished ,  ther e woul d b e a 
decreas e i n th e incidenc e o f  cancers . 

The sort s o f  hypothetica l  possibilitie s tha t  w e ca n thin k 
abou t  spa n a  rang e fro m situation s tha t  ar e clos e t o th e 
actua l  cours e o f  event s i n th e world' s histor y o r  potentia l 
future ,  suc h a s 1  an d 2 ,  t o possibilitie s tha t  ar e quit e 
remote ,  e.g. , 

3. If kangaroos had no tails, they would topple over. 

(from Lewis, 1973). Hypothetical thinking facilitates 
politica l  an d lega l  debate ,  scientifi c an d causa l  thought , 
prediction s abou t  everyda y socia l  an d persona l  activities , 
learnin g fro m mistakes ,  an d experiencin g emotion s suc h a s 
surpris e an d regret .  H o w d o peopl e d o it ? Ou r  attemp t  t o 
answe r  thi s questio n take s a s it s  startin g poin t  a n 
examinatio n o f  th e cognitiv e processe s underlyin g people' s 
understandin g o f  th e logi c o f  hypothetica l  conditionals . 

The Problem of Counterfactuals 

Most  researc h o n deductio n ha s focuse d o n reasonin g wit h 
conditional s tha t  ar e a t  th e factua l  en d o f  th e dimensio n o f 
hypotheticality ,  e.g. . 

4.  I f  Jan e inherite d th e fortune ,  sh e bough t  th e sport s ca r 
of  he r  dreams . 

Ther e i s a  larg e bod y o f  empirica l  dat a o n th e natur e o f  th e 
inference s tha t  huma n reasoner s mak e fro m suc h 
conditionals .  Reasoner s find  som e sort s o f  inference s eas y 
and other s difficult ,  an d th e factor s tha t  influenc e thei r 
prowes s ar e man y (fo r  a  review ,  se e Evans ,  Newstead ,  an d 
Byrne ,  1993) .  A  primar y finding,  t o whic h w e wil l  retur n 
shortly ,  i s  tha t  reasoner s find  som e vali d inference s from 
conditional s muc h mor e difficul t  t o mak e tha n others ,  an d 
the y endors e inference s that ,  o n a  strictl y logica l  analysis , 
the y shoul d conside r  fallacious . 

Perhap s hypothetica l  conditional s ca n b e treate d i n th e 
same wa y a s factua l  conditionals ? Th e challeng e o f 
extendin g a  genera l  theor y o f  conditional s t o encompas s 
hypothetica l  conditional s (abou t  possibilities )  an d 
counterfactua l  conditional s (abou t  matter s whic h ar e 
impossible ,  o r  whic h wer e onc e possibl e bu t  ar e s o n o 
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longer )  ha s bee n take n u p i n philosophy ,  linguistic s an d 
artificia l  intelligenc e (e.g. ,  Barwise ,  1986 ;  Ginsberg ,  1986 ; 
Jackson ,  1991 ;  Pollock ,  1986) ,  an d recently ,  i n psycholog y 
(e.g. ,  Brain e an d O'Brien ,  1991 ;  Johnson-Lair d an d Byrne , 
1991) .  But ,  conditional s a t  th e othe r  extrem e o l 
hypotheticalit y fro m factua l  conditionals ,  suc h a s 
counterfactuals ,  see m t o mea n somethin g different . 
Compare th e factua l  conditiona l  i n 4  wit h it s correspondin g 
counterfactua l  i n 5 : 

5. If Jane had inherited the fortune, she would have 
bough t  th e sport s ca r  o f  he r  dreams . 

The indicative mood of 4 is a clue to its relative factuality 
compare d t o th e subjunctiv e m o o d o f  5  bu t  i t  i s  a  moo t 
poin t  whethe r  m o o d an d factualit y coincid e perfectl y (e.g. , 
Dudman,  1988) .  A  counterfactua l  suc h a s 5  carrie s a 
presuppositio n tha t  it s anteceden t  (th e firs t  par t  o f  th e 
conditional )  an d it s consequen t  (th e secon d part )  ar e bot h 
false .  H o w the n i s a  counterfactua l  t o b e evaluate d a s tru e 
or  false ? 

The condition s unde r  whic h a  factua l  conditiona l  i s tru e 
ca n b e considere d t o b e a  functio n o f  th e trut h o f  it s 
components .  Th e factua l  conditiona l  i n 4  i s tru e i n th e 
situatio n wher e Jan e inherit s th e mone y an d buy s th e car , 
and fals e i n th e situatio n wher e sh e inherit s th e mone y bu t 
does no t  bu y th e car .  I t  i s  tru e i n tw o furthe r  situations , 
thos e i n whic h Jan e doe s no t  inheri t  th e money ,  an d i n 
thes e cases ,  sh e m a y bu y th e ca r  o r  not .  Everyda y 
conditional s ca n depar t  fro m thi s purel y truth-functiona l 
account ,  perhap s becaus e pragmati c factor s overla y thei r 
meanin g (e.g. ,  Grice ,  1975) ,  an d theorie s o f  conditional s 
need t o encompas s thes e vagarie s o f  interpretatio n (e.g. , 
Johnson-Lair d an d Byrne ,  1991) .  H o w e v e r , 
counterfactual s d o no t  yiel d readil y t o a  simila r  truth -
functiona l  account .  Th e counterfactua l  i n 5  rule s ou t  th e 
tw o possibilitie s wher e Jan e inherite d th e money ,  sinc e i t 
implie s tha t  th e anteceden t  i s false .  O n a  purel y truth -
functiona l  accoun t  then ,  th e counterfactua l  i s  true ,  bu t  s o 
to o i s th e contrar y counterfactual , 

6. If Jane had inherited the fortune, she would not have 
bough t  th e sport s ca r  o f  he r  dreams . 

Clearly, people consider some counterfactuals to be true 
and other s t o b e false .  I f  w e ar e t o accoun t  fo r  thei r 
understandin g o f  them ,  w e mus t  g o beyon d a n analysi s o f 
th e trut h o f  th e components . 

I n eac h o f  th e hypothetica l  conditional s above ,  w e mus t 
suspen d ou r  disbelie f  i n th e antecedent ,  a  proces s whic h 
require s u s t o suppos e th e trut h o f  somethin g w e kno w i s 
currentl y fals e o r  perhap s eve n impossible ,  an d w e mus t 
nonetheles s maintai n consistenc y betwee n thi s suppositio n 
and th e res t  o f  ou r  beliefs .  I n artificia l  intelligenc e 

research ,  addin g contradictor y fact s t o a  databas e raise s 
non-trivia l  problems ,  an d ye t  i t  i s crucia l  fo r  a  syste m tha t 
engage s i n planning ,  diagnosis ,  o r  th e creatio n o f  sub-goal s 
t o solv e problem s (e.g. ,  Ginsberg ,  1986) . 

O ne possibilit y  i s  tha t  a  counterfactua l  i s  tru e i f  th e 
consequen t  follow s fro m th e anteceden t  take n togethe r 
wit h an y relevan t  premise s (e.g. ,  Chisholm ,  1946 ; 
Goodman,  1973 ;  cf .  Kvart,  1986 ;  an d fo r  a  psychologica l 
adaptation ,  se e Brain e an d O'Brien ,  1991) ,  an d th e 
proble m the n i s t o specif y th e se t  o f  relevan t  premises .  W e 
conside r  instea d tha t  a  counterfactua l  i s  tru e i f  th e 
consequen t  i s tru e i n th e model s o r  scenario s constructe d 
by addin g th e fals e anteceden t  t o th e se t  o f  belief s i t 
recruit s abou t  th e actua l  world ,  an d makin g an y necessar y 
adjustment s (e.g. ,  Lewis ,  1973 ;  Ramsey ,  1931 ;  Stalnaker , 
1968 ;  an d fo r  a  psychologica l  adaptation ,  se e Johnson -
Laird ,  1986 ;  Johnson-Lair d an d Byrne ,  1991) .  Th e proble m 
the n i s t o specif y th e mos t  similar ,  minimall y change d 
scenari o i n whic h t o evaluat e th e consequent .  Empirica l 
evidenc e o n th e minima l  change s peopl e mak e t o mutat e a 
scenari o whe n the y wis h t o mentall y und o a n outcom e 
sugges t  th e proces s i s influence d b y a  rang e o f  factors , 
includin g fo r  example ,  th e tempora l  orde r  o f  events ,  thei r 
causa l  relations ,  an d thei r  exceptionalit y (e.g. ,  Kahnema n 
and Miller ,  1986) . 

However ,  ther e ar e n o psychologica l  studie s o f  th e 
everyda y logi c o f  hypothetica l  conditionals .  Psychologica l 
analyse s hav e concentrate d o n assessment s o f  thei r 
plausibilit y  (e.g. ,  Miyamot o an d Dibble ,  1986) ,  an d o n 
cross-cultura l  psycholinguistic s (e.g. ,  Kit-Pon g A u ,  1983) . 
We hav e carrie d ou t  a  serie s o f  experiment s t o examin e th e 
psychologica l  processe s underlyin g people' s understandin g 
of  th e logi c o f  counterfactuals ,  an d i n thi s pape r  w e wil l 
conside r  th e result s o f  on e o f  the m (se e Byrn e an d Tasso , 
1994) . 

A Sketch of a Theory of 

Hypothetical Conditionals 

I n thi s paper ,  w e attemp t  t o specif y th e natur e o f  th e menta l 
representation s tha t  peopl e construc t  o f  hypothetica l 
conditionals ,  an d th e inference s the y m a k e fro m them ,  i n 
compariso n t o factua l  conditionals .  W e wil l  sketc h a 
model-base d theor y o f  hypothetica l  reasonin g (se e Byrn e 
and Tasso ,  1994 ,  Johnson-Lair d an d Byrne ,  1991) .  First , 
we wil l  outlin e briefl y th e mode l  theor y o f  th e 
representatio n o f  factua l  conditionals ,  an d the n w e wil l 
s h o w tha t  hypothetica l  conditionals ,  includin g 
counterfactuals ,  ca n b e encompasse d i n thi s genera l  theory . 

The Representation of Factual Conditionals 

The factua l  conditional , 

7. If Linda is in Dublin then Cathy is in Gal way. 
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i s  consisten t  wit h thre e separat e situations ,  tha t  captur e th e 
way th e worl d woul d b e i f  th e conditiona l  wer e true ,  whic h 
we represen t  i n th e followin g diagram : 

8. L 

not- L 

not- L 

C 

not- C 

C 

wher e "L "  represent s "Lind a i s i n Dublin" ,  "C "  represent s 
"Cath y i s i n Galway" ,  an d "not-L "  i s a  propositional-iik e 
ta g t o represen t  tha t  Lind a i s no t  i n Dubli n (se e Johnson -
Lair d an d Byrne ,  1991) .  Separat e model s ar e represente d 
on separat e lines ,  s o fo r  example ,  th e firs t  mode l 
correspond s t o th e situatio n wher e Lind a i s i n Dubli n an d 
Cath y i s i n Galway .  Th e model s m a y b e fille d wit h 
informatio n abou t  w h o Lind a an d Cath y are ,  wher e the y 
ar e usuall y located ,  an d wha t  th e connectio n betwee n thei r 
relativ e location s is ,  bu t  thes e detail s ar e no t  ou r  immediat e 
concer n here ;  th e structur e o f  th e model s i s ou r  focus . 

We believ e tha t  reasoner s construc t  a n initia l 
representatio n tha t  i s mor e economica l  tha n thi s full y 
fleshed-out  set ,  a s illustrate d i n th e followin g diagram : 

9. 

wher e th e thre e dot s represen t  a  mode l  wit h n o explici t 
content .  I t  m a y b e "fleshed-out "  t o b e explicit ,  t o th e thre e 
situation s abov e i f  necessary ,  an d i t  rule s ou t  a  conjunctiv e 
interpretation .  Th e ide a i s tha t  reasoner s represen t 
explicitl y  th e cas e mentione d i n th e conditional ,  an d the y 
kee p trac k o f  th e possibilit y  tha t  ther e ma y b e alternative s 
t o it . 

I n fact ,  th e initia l  representatio n mus t  recor d tha t  Lind a 
bein g i n Dubli n ha s bee n represente d exhaustivel y wit h 
respec t  t o Cath y bein g i n Galway ,  i.e. ,  i t  ca n occu r  agai n i n 
th e fleshed-ou t  se t  onl y wit h Cath y i n Galway .  W e captur e 
thi s notio n i n ou r  diagram s wit h squar e bracket s ~  a 
menta l  note '  tha t  a n individua l  make s whe n representin g 
th e conditional : 

10. [L ] 

Cathy' s bein g i n Galwa y ha s no t  bee n exhaustivel y 
represente d an d s o i t  m a y b e include d i n othe r  model s 
withou t  Lind a bein g i n Dublin .  Th e mode l  illustrate d i n th e 
diagra m i n 1 0 i s th e initia l  economica l  mode l  tha t  w e 
believ e reasoner s construct .  W e hav e corroborate d th e 
theor y experimentall y (Byrn e an d Johnson-Laird ,  1992 ; 
Johnson-Laird ,  Byrne ,  an d Schaeken ,  1992 )  an d modelle d 
i t  computationall y (se e Johnson-Lair d an d Byrne ,  1991 ,  fo r 

detail s o f  th e principle s b y whic h th e psychologica l 

algorith m processe s models) . 

The Representation of Hypothetical Conditionals 

W h en reasoner s understan d a  conditiona l  tha t  i s 
hypothetical , 

11. If Linda were in Dublin then Cathy would be in 
Galway . 

they engage in a similar process to that for a factual 
conditional .  The y construc t  a n economica l  menta l 
representatio n base d o n th e informatio n give n t o the m i n 
th e premises , 

12. hypothetical [L] C 

The y kee p trac k o f  th e epistemi c statu s o f  thei r  models , 
makin g a  'menta l  note '  abou t  whethe r  th e model s 
correspon d t o actua l  o r  hypothetica l  situations ,  an d the y 
ta g th e model s accordingly .  Th e representatio n o f  th e 
hypothetica l  situatio n wil l  recrui t  memorie s tha t  provid e 
furthe r  informatio n abou t  th e belie f  reasoner s hav e i n th e 
actua l  statu s o f  th e antecedent ,  th e statu s o f  th e consequent , 
and th e connectio n betwee n them .  The y wil l  construc t 
model s o f  a  differen t  structur e i n eac h o f  thes e case s (fo r 
detail s se e Byrn e an d Tasso ,  1994) .  Hence ,  the y als o 
represen t  th e actua l  situation ,  i n s o fa r  a s the y kno w it ,  o r 
ca n induc e i t  fro m th e cue s o f  th e m o o d o f  th e conditional . 

13. actua l 

hypothetica l 

not- L 

[L ] 

[not-C ] 

C 

I n summary ,  ou r  suggestio n i s tha t  th e menta l 
representation s an d processe s fo r  factua l  an d hypothetica l 
conditional s diffe r  i n ho w muc h i s mad e explici t  initially . 

Inferences from Factual and Hypothetical 
Conditional s 

Inference s base d o n a n initia l  representatio n ar e easie r  tha n 
inference s tha t  requir e reasoner s t o flesh-ou t  model s (se e 
Johnson-Laird ,  Byrne ,  an d Schaeken ,  1992) ,  a s show n i n 
severa l  deductiv e domain s (Byrn e 1989a ;  1989b ;  Byrn e 
and Johnson-Laird ,  1989 ;  Johnson-Lair d an d Byrne ,  1989 ; 
Johnson-Laird ,  Byrne ,  an d Tabossi ,  1989) .  Thi s 
observatio n lead s u s t o expec t  tha t  certai n inference s wil l 
be mad e mor e readil y fro m a  hypothetica l  conditiona l  tha n 
fro m a  factua l  one ,  namely ,  thos e inference s tha t  requir e 
th e representatio n o f  th e negativ e instanc e (Lind a i s no t  i n 
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Dublin ,  Cath y i s no t  i n Galway) .  T o illustrat e thi s point , 
we wil l  compar e th e inferentia l  proces s fro m hypothetica l 
and factua l  conditional s fo r  tw o sort s o f  inferences ,  on e 
tha t  doe s no t  requir e th e representatio n o f  th e negativ e 
instance ,  an d on e tha t  does . 

The premise s o f  th e modu s ponen s inference ,  tha t  is ,  th e 
factua l  conditiona l  i n 7  an d th e mino r  premise . 

The y tr y t o combin e them ,  bu t  thi s time ,  th e combinatio n 
fail s  sinc e th e tw o set s o f  model s see m incompatible .  Th e 
most  c o m m o n erro r  tha t  reasoner s mak e t o thi s inferenc e i s 
t o conclud e tha t  nothin g follows .  A  pruden t  reasone r 
fleshe s ou t  th e model s t o th e ful l  se t  illustrate d i n 8 ,  an d 
the n th e combinatio n o f  th e mode l  o f  th e secon d premis e 
rule s ou t  al l  bu t  th e secon d model : 

14.  Lind a i s i n Dublin . 21. not- L not- C 

requir e subject s t o construc t  a n initia l  mode l  o f  th e firs t 
premis e a s illustrate d i n th e diagra m i n 10 ,  an d a  mode l  o f 
th e secon d premise : 

15. 

Th e tw o set s o f  model s ca n b e combined ,  an d th e 
combinatio n eliminate s th e implici t  model ,  an d leave s th e 
firs t  mode l  only : 

16. 

fro m whic h i t  ca n b e conclude d that , 

17. Therefore, Cathy is in Galway. 

A similar process is required for the same inference from 
th e hypothetica l  conditional .  Fo r  th e hypothetica l 
conditiona l  i n 1 1 an d th e mino r  premis e i n 14 ,  reasoner s 
construc t  a n initia l  mode l  o f  th e premises ,  a s illustrate d i n 
th e diagra m i n 13 ,  an d a  mode l  o f  th e secon d premis e a s 
illustrate d i n th e diagra m i n 15 .  Th e combinatio n result s i n 
one model ,  whos e statu s i s update d t o represen t  a n actua l 
situation : 

18. actual :  L 

and thi s mode l  support s th e conclusio n i n 17 . 

Conside r  n o w a  mor e difficul t  inference ,  modu s toUens , 
fro m a  factua l  conditional .  Give n th e factua l  conditiona l  i n 
7 an d th e mino r  premise , 

19. Cathy is not in Galway. 

reasoners once again construct an initial model of the first 
premise ,  a s illustrate d i n 10 ,  an d a  mode l  o f  th e secon d 
premise , 

The vali d conclusio n ca n b e made , 

22. Therefore, Linda is not in Dublin. 

The modus tollens inference is difficult, according to the 
model  theory ,  becaus e reasoner s mus t  fles h ou t  thei r 
model s an d kee p man y alternative s i n min d i n orde r  t o 
make th e deduction . 

I n contrast ,  w e expec t  tha t  th e modu s tollen s inferenc e 
shoul d b e eas y t o mak e fro m th e hypothetica l  conditional . 
T o represen t  th e hypothetica l  conditiona l  i n 1 1 an d th e 
mino r  premis e i n 19 ,  reasoner s first  construc t  a n inifia l 
model  o f  th e premises ,  a s illustrate d i n 13 ,  an d the y 
combin e i t  wit h th e mode l  fo r  th e secon d premise , 
illustrate d i n 20 .  Thi s tim e th e model s ca n b e combine d 
directly ,  wit h n o nee d t o flesh  the m out .  Reasoner s ca n 
eliminat e th e hypothetica l  models ,  an d retai n th e firs t 
model  only : 

23. actual :  not- L not- C 

whic h support s th e vali d conclusio n i n 22 . 

We predic t  tha t  modu s tollen s fro m a  hypothetica l 
conditiona l  wil l  b e easie r  tha n modu s tollen s fro m a  factua l 
conditiona l  becaus e th e initia l  representatio n o f  th e 
hypothetica l  conditiona l  i s  mor e explici t  tha n th e on e fro m 
th e factua l  conditional .  A s a  result ,  modu s tollen s ca n b e 
made directl y withou t  an y nee d t o flesh-out  th e se t  o f 
models . 

We mak e a  simila r  se t  o f  prediction s fo r  tw o furthe r 
inferences ,  th e denia l  o f  th e anteceden t  fro m th e mino r 
premise , 

24. Linda is not in Dublin. 

and the affirmation of the consequent, from the minor 
premise , 

25. Cathy is in Galway. 

20. not- C 
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Thes e inference s ar e fallacie s o n a  conditiona l 
interpretatio n an d reasoner s mak e the m onl y whe n the y fai l 
t o fles h ou t  thei r  model s fully .  W e agai n predic t  tha t  th e 
inferenc e tha t  depend s o n a  negativ e instanc e — th e denia l 
of  th e anteceden t  - -  wil l  b e mad e mor e readil y fro m th e 
hypothetica l  tha n th e factua l  conditional .  I n thi s cas e th e 
inferenc e i s fallacious ,  an d s o ou r  expectatio n i s tha t  th e 
hypothetica l  conditiona l  wil l  suppor t  mor e fallacie s tha n 
th e factua l  conditiona l  (se e Byrn e an d Tasso ,  1994 ,  fo r 
details) . 

An Experimental Comparison 

of Inferences 

Our  ai m wa s t o compar e th e frequenc y o f  fou r  sort s o f 
inference s fro m hypothetica l  an d factua l  conditionals .  W e 
predicte d tha t  th e inference s tha t  depende d o n a n 
awarenes s o f  th e negativ e instanc e — modu s tollen s an d 
denia l  o f  th e anteceden t  — woul d b e mad e mor e ofte n fro m 
th e hypothetica l  conditiona l  tha n fro m th e factua l  one , 
becaus e o f  th e postulate d difference s i n th e explicitnes s o f 
thei r  representations . 

Method 

I n th e experimen t  w e aske d 8 0 people ,  untraine d i n logic , 
t o mak e a  singl e inferenc e fro m a  conditional .  Th e desig n 
of  th e experimen t  wa s a  full y  between-subject s one .  W e 
gav e hal f  o f  th e subject s th e factua l  conditiona l  an d w e 
gav e th e othe r  hal f  th e hypothetica l  conditiona l  (se e Byrn e 
and Tasso ,  1994) .  Eac h subjec t  carrie d ou t  on e o f  th e fou r 
inference s outline d earlier .  Th e conten t  o f  th e conditional s 
was base d o n people-in-places ,  expresse d i n th e presen t 
tense ,  a s illustrate d i n th e examples .  Th e component s wer e 
negate d explicitl y  wher e necessar y (e.g. ,  Lind a i s no t  i n 
Dublin) . 

Th e subject s wer e undergraduat e student s i n Trinit y 
College ,  Dublin ,  w h o participate d i n th e experimen t 
voluntarily .  The y wer e teste d i n severa l  medium-size d 
group s an d the y wer e randoml y assigne d t o on e o f  th e 
eigh t  condition s (1 0 subject s i n eac h condition) .  The y wer e 
give n th e premise s printe d o n a  shee t  o f  paper ,  an d thei r 
tas k wa s t o writ e dow n wha t  conclusion ,  i f  any ,  followe d 
fro m them . 

Results 

Th e dat a corroborate d ou r  predictions ,  a s Tabl e 1  shows . 
As w e expected ,  th e subject s mad e mor e modu s tollen s 
inference s (80% )  fro m th e hypothetica l  conditiona l  tha n 
fro m th e factua l  on e (40%) ,  an d the y mad e mor e denia l  o f 
th e anteceden t  fallacie s (80% )  fro m th e hypothetica l 
conditiona l  tha n fro m th e factua l  on e (40%) ,  an d bot h o f 
thes e difference s ar e reliabl e [Meddi s quick-tes t  (Meddis , 
1984 )  z  =  1.77 ,  n  =  20 ,  p  <  0.05 ,  fo r  each] . 

As Tabl e 1  als o shows ,  ther e wer e n o reliabl e difference s 
i n th e frequenc y o f  modu s ponen s inference s fro m th e 
hypothetica l  conditiona l  (90% )  compare d t o th e factua l  on e 
(100%) ,  no r  i n affirmatio n o f  th e consequen t  fallacie s fro m 
th e hypothetica l  conditiona l  (50% )  compare d t o th e factua l 
on e (30% ,  Meddi s quick-tes t  z  =  1 ,  an d z  =  0.89 , 
respectively ,  n  =  20 ,  p  =  non-significan t  fo r  each) .  Thes e 
result s corroborat e ou r  proposal s abou t  th e representatio n 
of  informatio n i n hypothetica l  conditionals .  Peopl e 
represen t  bot h th e negativ e cas e an d th e affirmativ e cas e 
fo r  a  hypothetica l  conditional ,  wherea s the y represen t  jus t 
th e affirmativ e cas e fo r  a  factua l  conditional . 

Tabl e 1 :  Percentage s o f  inference s mad e i n eac h 
conditio n o f  th e experimen t 

MP M T D A AC 

Factua l  10 0 4 0 4 0 3 0 

Hypothetica l  9 0 8 0 8 0 5 0 

Key :  M P ,  modu s ponens ;  M T ,  modu s tollens ; 

D A,  den y antecedent ;  A C ,  affir m consequent . 

Discussio n 

The experimenta l  evidenc e support s ou r  suggestio n tha t 
reasoner s construc t  a n initia l  representatio n o f  hypothetica l 
conditional s tha t  i s  mor e explici t  tha n th e initia l 
representatio n o f  factua l  conditionals .  Fo r  a  hypothetica l 
conditiona l  the y kee p i n min d no t  onl y th e affirmativ e 
instance s mentione d i n th e conditiona l  (e.g. ,  Lind a i n 
Dublin ,  Cath y i n Galway )  bu t  als o th e implie d negativ e 
instances .  A s a  result ,  the y mak e mor e inference s tha t 
depen d o n th e representatio n o f  thes e negativ e instance s 
(th e modu s tollen s an d denia l  o f  th e anteceden t  inferences) . 
Notic e tha t  ou r  accoun t  doe s no t  propos e tha t  reasoner s 
construc t  a  logicall y mor e pruden t  representatio n o f 
hypothetica l  conditionals ;  th e mor e explici t  representatio n 
enable s the m t o mak e th e vali d modu s tollen s inferenc e 
mor e readily ,  bu t  i t  als o render s the m mor e vulnerabl e t o 
logica l  fallacie s suc h a s th e denia l  o f  th e anteceden t 
inference . 

Our  vie w i s tha t  hypothetica l  conditionals ,  includin g 
counterfactuals ,  ca n b e encompasse d withi n a  genera l 
theor y o f  conditionals .  Henc e thes e psychologica l  result s 
hav e implication s fo r  th e philosophica l  debat e o n th e 

128 



prope r  treatmen t  o f  counterfactuals .  Th e extensio n o f  ou r 
genera l  theor y o f  conditiona l  reasonin g t o encompas s 
counterfactua l  inferenc e als o ha s implication s fo r  artificia l 
intelligenc e reasonin g programs :  inference s abou t  Tactua l 
matter s an d abou t  hypothetica l  possibilitie s ca n b e 
modelle d b y th e sam e underlyin g mechanism . 

We sugges t  tha t  th e answe r  t o ho w peopl e understan d 
and reaso n wit h hypothetica l  conditional s require s a 
combinatio n o f  idea s uncovere d i n cognitiv e psychologica l 
researc h o n factua l  conditionals ,  philosophica l  an d 
linguisti c researc h o n counterfactua l  conditionals ,  an d 
socia l  psychologica l  researc h o n th e mutabilit y  o f 
scenarios .  Th e experimen t  w e hav e reporte d her e i s on e i n 
a serie s tha t  examine s th e inference s reasoner s mak e fro m 
hypothetica l  conditionals ,  thei r  evaluatio n o f  situation s a s 
verifyin g o r  falsifyin g them ,  an d thei r  spontaneou s 
productio n o f  counterfactuals .  Th e experiment s indicat e 
tha t  reasoner s hav e a  coheren t  everyda y logi c fo r  reasonin g 
abou t  wha t  migh t  be ,  an d wha t  migh t  hav e been . 
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