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Conditiona l  Reason in g W i t h a  Poin t  o f  V i e w :  T h e Logi c o f  Perspectiv e C h a n g e 

Sieghard Beller (beller@psychologie.uni-freiburg.de) 
Departmen t  o f  Psychology ,  Universit y o f  Freibur g 

D-7908 5 Freiburg ,  Ge rman y 

Hans Spada (spada@psychologie.uni-freiburg.de) 

Departmen t  o f  Psychology ,  Universit y o f  Freibur g 
D-7908 5 Freiburg ,  Ge rman y 

Abstrac t 

Is human domain specific reasoning illogical? The effect of 
perspectiv e chang e o n reasonin g abou t  socia l  contract s i s on e 
of  th e puzzlin g phenomen a know n fro m researc h o n Wason' s 
selectio n tas k tha t  seem s t o corroborat e a n affirmativ e answe r 
t o thi s question .  Therefore ,  som e author s postulate d non-logi -
cal  cognitiv e processe s specialize d fo r  reasonin g abou t  socia l 
contracts .  I n contras t  t o thi s view ,  w e argu e tha t  suc h effect s 
reflec t  th e influenc e o f  domai n specifi c  knowledg e o n logica l 
reasoning .  Thi s knowledg e mus t  no t  b e ignore d whe n check -
in g th e deductiv e validit y o f  subjects '  inferences .  Takin g i t 
int o accoun t  shed s a  ne w ligh t  o n individuals '  deductiv e com -
petence .  Further ,  i t  become s possibl e t o predic t  suc h effect s 
not  onl y fo r  th e domai n o f  socia l  contracts .  W e presen t  a 
model  o f  causa l  reasonin g tha t  allow s u s t o deriv e ne w effect s 
of  perspectiv e change .  W e argu e tha t  thes e effect s d o no t  sho w 
tha t  peopl e mak e illogica l  inference s but ,  o n th e contrary ,  tha t 
subject s validl y reaso n deductivel y fro m thei r  causa l  knowl -
edge .  Finally ,  w e presen t  empirica l  result s tha t  strongl y sup -
por t  ou r  arguments . 

I n t r o d u c t i o n 

I t  i s  on e o f  th e theoreticall y mos t  puzzlin g findings  o f  recen t 
researc h o n h u m a n deductio n tha t  logicall y vali d inference s 
ca n no t  onl y b e facilitate d b y usin g themati c instea d o f 
abstrac t  reasonin g tasks ,  bu t  the y ca n als o b e "suppressed " 
A recen t  exampl e build s o n researc h o n Wason' s famou s 
selectio n tas k (Wason ,  1966) ,  namely ,  th e effec t  o f  perspec -
tiv e chang e o n conditiona l  reasonin g (Gigerenze r  &  Hug , 
1992) .  Reasonin g abou t  th e violatio n o f  socia l  contract s 
expresse d a s conditional s wa s sai d no t  t o b e base d o n logica l 
consideration s bu t  o n pragmati c one s tha t  depen d o n th e 
adopte d perspective ,  e.g. ,  whic h o f  th e partie s engage d i n a 
socia l  contrac t  i s  possibl y cheatin g (Gigerenze r  &  Hug , 
1992 )  o r  violatin g it s  dutie s (Holyoa k &  Cheng ,  1995 ; 
Politze r  &  Nguyen-Xuan ,  1992) .  Thi s vie w wa s teste d b y 
comparin g tw o themati c version s o f  th e selectio n task :  stan -
dar d vs .  reversed . 

A n exampl e o f  a  tas k i n standar d versio n goe s a s follow s 
(adapte d fro m Gigerenze r  &  H u g ,  1992) :  A  rul e create d b y a 
loca l  authorit y say s 

'If a home owner gets a subsidy from his local authority, 
the n tha t  perso n ha s installe d a  moder n heatin g system. ' 

There is an officer of the local authority who has heard 

rumor s abou t  h o m e owner s havin g violate d th e rule .  H e ha s 
t o chec k inforinatio n abou t  fou r  h o m e owner s represente d o n 
cards .  O n on e sid e o f  eac h car d ther e i s informatio n abou t 
whethe r  th e h o m e owne r  installe d a  moder n heatin g system , 
on th e othe r  sid e whethe r  tha t  perso n go t  a  subsid y bu t  onl y 
on e sid e o f  eac h car d i s visible .  Th e fou r  card s read :  'go t  a 
subsidy' ,  'di d no t  ge t  a  subsidy' ,  'installe d a  moder n heatin g 
system' ,  an d 'di d no t  instal l  a  moder n heatin g system' . 
Wh i c h car d o r  card s doe s th e office r  definitel y nee d t o tur n 
ove r  t o determin e whethe r  th e rul e ha s i n fac t  bee n violated ? 

I n th e reverse d version ,  subject s wer e cue d int o th e oppo -
sit e perspective ,  namely ,  tha t  h o m e owner s w h o ar e willin g 
t o instal l  a  moder n heatin g syste m hav e hear d rumor s tha t 
th e loca l  authorit y ha s violate d th e rule . 

W h at  ar e th e solution s t o thes e tasks ? Abbreviatin g ' A 
h o me owne r  get s a  subsidy '  a s 'P '  an d ' A h o m e owne r 
install s a  moder n heatin g system '  a s 'Q '  w e ca n represen t  th e 
rul e a s th e conditiona l  P  - ^  Q  an d th e fou r  card s a s P ,  -.P ,  Q , 
and -i Q respectivel y .  I t  wa s argue d tha t  fro m a  logica l  poin t 
of  vie w a  conditiona l  i s  violate d onl y i f  th e anteceden t  (P )  i s 
tru e an d th e consequen t  (Q )  false ;  i n al l  othe r  case s i t  i s true . 
Sinc e th e rul e i s th e sam e i n bot h version s o f  th e tas k on e 
shoul d choos e th e sam e patter n o f  card s (P/-iQ) :  th e P-car d 
t o chec k whethe r  Q  i s  true ,  an d th e -iQ-car d t o chec k 
whethe r  P  i s false .  B y contrast ,  adoptin g th e differen t  poin t 
of  vie w o f  eac h versio n shoul d resul t  i n opposit e selectio n 
patterns :  F ro m th e perspectiv e o f  th e loca l  authority ,  a  h o m e 
owner  ha s cheate d whe n h e go t  a  subsid y (P )  bu t  di d no t 
instal l  a  moder n heatin g syste m (—iQ) .  Thi s ca n b e checke d 
fo r  b y turnin g ove r  th e card s P/—.Q .  F ro m th e perspectiv e o f 
a h o m e owner ,  th e loca l  authorit y ha s cheated ,  whe n a  h o m e 
owner  di d instal l  a  moder n heatin g syste m (Q )  bu t  di d no t 
get  a  subsid y (—iP) ,  whic h ca n b e checke d fo r  b y turnin g ove r 
th e card s -,P/Q . 

'  Th e logica l  operator s use d 
form : 
-, P 
P aQ 
P v Q 
P-^ Q 
P<^Q 
VX 
P=>Q 

not  P ' 
' P an d Q ' 
'PorQ ' 
I f  P  the n Q ' 

and thei r  approximat e linguisti c 

'I f  an d onl y i f  P  the n Q ' 
'Fo r  al l  X ' 

(negation ) 
(conjunction ) 
(disjunction ) 
(conditional ) 
(biconditional ) 
(universa l  quantifier ) 

indicate s a  deductiv e derivatio n 
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Tabl e 1 :  Frequencie s o f  th e tw o critica l  selectio n pattern s 
P/-. Q an d -iP/ Q fro m 6  studie s (se e text ) 

Standar d 

( N =  412 ) 

Reverse d 

( N =  m) ) 

P/̂ Q 

^P/ Q 

48,4 % (199.5 ) 

2,8 % (11,5 ) 

4.1 % (15,5 ) 

45.4 % (172,5 ) 

The empirica l  result s ar e clear :  Reversin g th e perspectiv e 
change s th e predominan t  P/-. Q respons e int o a  -.P/ Q 
response .  Tabl e 1  summarize s th e dat a fro m si x studie s (Gig -
erenze r  &  Hug ,  1992 ;  Hoi )  oa k &  Cheng ,  1995 ;  Liberma n & 
Klar ,  1996 ;  Manktelo w &  Over ,  1991 ;  Nagy ,  1994 ;  Politze r 
& Nguyen-Xuan ,  1992 ;  fo r  detail s se e Beller .  1997) .  Th e 
result s o f  Cosmide s (1989 )  wer e similar :  Sh e reverse d th e 
conditiona l  rul e leavin g perspectiv e constan t  an d observe d 
th e sam e change s i n -.P/ Q respons e patterns . 

T wo implication s o f  thes e result s wer e discusse d i n th e 
debat e o n conten t  effects .  First ,  th e observatio n o f  "illogical " 
-iP/ Q response s woul d rul e ou t  th e interpretatio n tha t  the -
mati c conten t  facilitate s logica l  reasonin g compare d t o con -
tent-fre e reasonin g (Cosmides ,  1989 ;  Gigerenze r  &  Hug , 
1992) .  Second ,  Cosmide s (1989 )  argue d tha t  socia l  contract s 
wer e a  specia l  conten t  domai n becaus e ".. .  n o themati c rul e 
tha t  i s  no t  a  socia l  contrac t  .. .  ha s eve r  produce d a  conten t 
effec t  tha t  i s  bot h robus t  an d replicabl e ... "  (p .  200) .  A n d 
indee d nearl y al l  conten t  effect s i n Wason' s selectio n tas k 
wer e foun d fo r  socia l  rules . 

I n th e followin g w e analyz e bot h arguments :  I s Cosmide s 
righ t  i n claimin g tha t  "n o conten t  effect s i n selectio n task s 
withou t  socia l  rules' ? D o effect s o f  perspectiv e chang e reall y 
contradic t  logica l  reasoning ? W e argu e tha t  conten t  effect s i n 
genera !  reflec t  th e influenc e o f  domai n specifi c  knowledg e 
on logica l  reasoning .  Thi s knowledg e mus t  no t  b e ignore d 
when checkin g th e deductiv e validit y o f  subjects '  inferences . 
Takin g i t  int o accoun t  shed s a  ne w ligh t  o n individuals ' 
deductiv e competenc e wit h interestin g implication s fo r  th e 
psycholog y o f  deductio n an d th e philosophica l  debat e o n 
rationality .  Further ,  ou r  positio n implie s tha t  i t  shoul d b e 
possibl e t o predic t  suc h effect s fro m an y kin d o f  knowledge . 

I n th e following ,  w e first  sketc h ou t  ou r  genera l  ide a usin g 
an exampl e o f  a  simpl e conditiona l  inferenc e o f  anothe r 
domain .  The n w e presen t  a  mode l  o f  causa l  reasonin g tha t 
allow s u s t o deriv e ne w effect s o f  perspectiv e change .  W e 
sho w tha t  th e seemingl y illogica l  answer s ar e properl y vali d 
inference s fro m th e causa l  knowledge .  Finally ,  w e presen t 
experimenta l  result s tha t  strongl y suppor t  ou r  arguments . 

Explaining Content Effects: The General Idea 

Suppos e tw o persons ,  Pete r  an d Lisa ,  ar e talkin g t o eac h 
other .  Pete r  says :  "I f  T o m i s i n Paris ,  the n T o m i s i n th e Lou -
vre" .  Lis a know s "To m i s no t  i n Paris "  an d Pete r  conclude s 
"The n T o m i s no t  i n th e Louvre" .  Wha t  abou t  Peter' s conclu -
sion ? I s i t  deductivel y valid ? W h e n yo u first  loo k a t  i t  fro m 
th e poin t  o f  vie w o f  forma l  logi c yo u woul d sa y no' :  Th e 
correspondin g inferenc e patter n 

(1 )  in(Tom ,  Paris)- > in(Tom ,  Louvre ) 
(2 )  -iin(Tom ,  Paris ) 

(1 & 2 => 3) -iin(Tom, Louvre) 

is a prominent logical fallacy widely known as denial of the 
antecedent .  Th e logicall y correc t  answe r  woul d hav e bee n 
tha t  nothin g follow s fro m 1  &  2 .  Bu t  Peter' s "illogical "  con -
clusio n ca n b e explaine d i f  w e assum e tha t  h e use s conten t 
specifi c  knowledg e tha t  th e m u s e u m calle d 'Louvre '  exist s 
onl y i n Paris ,  therefor e bein g no t  i n Pari s implie s bein g no t 
i n th e Louvre : 

(4) V X: -,in(X, Paris) -^ -,in(X. Louvre) 

Adding this premise to Peter's argument makes his conclu-
sio n perfectl y valid . 

What  ca n w e lear n abou t  conten t  effect s fro m thi s simpl e 
example ? First ,  w e hav e t o distinguis h betwee n th e "superfi -
cia l  logica l  form "  o f  a n inferenc e tas k an d additiona l  pre -
mise s tha t  peopl e associat e wit h th e conten t  th e tas k refer s 
to .  Conten t  effect s o f  th e suppressiv e bu t  als o o f  th e facilita -
tiv e typ e ca n b e attribute d t o th e influenc e o f  suc h additiona l 
premises ,  an d i t  i s  thes e premise s tha t  bac k u p th e deductiv e 
validit y o f  th e inference s i n question .  Second ,  thi s principl e 
itsel f  i s  no t  conten t  specific .  I t  ca n b e applie d t o explai n th e 
influenc e o f  spatia l  knowledg e a s i n th e exampl e above ,  a s 
wel l  a s t o predic t  effect s of .  e.g. .  causa l  knowledg e o n th e 
solutio n o f  selectio n tasks .  Crucia l  fo r  thi s predictio n i s a 
detaile d specificatio n o f  th e assume d causa l  knowledge . 

Modeling Causal Perspective Change 

The Representation of Causal Knowledge 

Causal  knowledg e deal s wit h dependencie s betwee n events , 
mor e precisel y h o w effect s depen d o n causa l  conditions . 
Thi s knowledg e ca n b e use d i n reasonin g t o predic t  event s o r 
t o diagnos e causes . 

The representatio n o f  causa l  dependencies :  W e understan d 
a caus e a s a n even t  tha t  change s th e outcom e o f  late r  event s 
( a positio n goin g bac k t o th e Scottis h philosophe r  Davi d 
H u m e,  1711-1776 ;  se e Lewis ,  1973) .  A  caus e sufficientl y 
determine s th e occurrenc e o f  a n effect .  Ha d i t  bee n absent , 
the n — al l  othe r  condition s equa l  — th e effec t  woul d hav e 
bee n absen t  a s well .  A t  leas t  on e caus e i s necessar y t o elici t 
an effect .  Eac h effec t  ha s it s  causes ,  an d withou t  cause s 
ther e i s n o effect ,  therefore ,  w e represen t  th e dependenc y 
betwee n a n effec t  (E )  an d it s cause s (Cs )  a s a n equivalenc e 
relation :  causation(C s <- > E) .  Eac h singl e effec t  E  i s repre -
sente d separatel y togethe r  wit h al l  cause s know n t o elici t  E . 
Cause s ma y b e comple x whic h mean s tha t  severa l  causa l  fac -
tor s togethe r  ar e necessar y t o elici t  th e effect .  W e represen t 
comple x cause s a s a  conjunctio n o f  singl e causa l  factors .  I n 
additio n comple x cause s m a y contai n inhibitor y factor s 
whic h ar e modele d b y negatio n (the y hav e t o b e absen t  s o 
tha t  th e effec t  ca n occur) .  Alternativ e (complex )  cause s fo r 
one an d th e sam e effec t  ar e represente d a s disjunctiv e fac -
tors .  Thus ,  w e represen t  th e differen t  (complex )  cause s fo r 
one effec t  a s a  disjunctio n o f  conjunction s o f  singl e causa l 
factor s (se e Gra6hoff & May ,  1995) . 
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A simpl e example :  A  perso n ma y hav e th e followin g ide a 
of  ho w th e airba g o f  a  ca r  correctl y works :  I t  i s  inflate d onl y 
i f  th e ca r  ha s a n accident : 

(5) V car: accident(car) <-> inflated(airbag(car)) 

But the airbag may also react erroneously. There are two 
possibilities :  O n e observe s a  caus e bu t  n o effec t  o r  a n effec t 
withou t  a  know n cause .  A  faul t  o f  th e firs t  typ e ma y b e pu t 
d o wn t o a n inhibitor y causa l  facto r  no t  ye t  considered ,  e.g. , 
an insensitiv e airba g senso r  tha t  woul d preven t  th e airba g 
fro m bein g inflate d whe n th e ca r  ha s a n accident .  Th e corre -
spondin g causa l  knowledg e woul d be : 

(6) V car: accident(car) a -.insensitive(sensor(car)) 
<-» inflated(airbag(car) ) 

A fault of the second type may be explained by an alterna-
tiv e cause ,  e.g. ,  a n oversensitiv e airba g senso r  tha t  inflate s 
th e airba g withou t  th e ca r  havin g a n accident : 

(7) V car: accident(car) v oversensitive(sensor(car)) 
<-> inflated(airbag(car) ) 

Deduction rules for causal reasoning (Table 2): The 
knowledg e abou t  causa l  dependencie s ca n b e use d bot h t o 
predic t  th e occurrenc e o f  effect s fro m th e observatio n o f 
causa l  factor s an d t o explai n observe d effect s b y diagnosin g 
possibl e causes .  I f  w e represen t  causa l  dependencie s a s 
describe d above ,  fou r  inferenc e rule s ar e sufficient :  W e ca n 
predic t  a n effec t  E ,  i f  a t  leas t  on e o f  th e comple x cause s C s 
occurre d (rul e rl) .  I f  non e o f  th e cause s C s di d occu r  w e 
predic t  tha t  ther e i s n o effec t  E  (rul e r2) .  Diagnosin g cause s 
i s mor e complex .  W e diagnos e a  singl e causa l  facto r  C  o f  a 
comple x cause ,  i f  th e associate d effec t  E  occurre d an d al l 
alternativ e cause s A  ca n b e rule d ou t  (rul e r3) .  I f  al l  addi -
tiona l  necessar y factor s N  o f  a  singl e causa l  facto r  C 
occurre d bu t  th e effec t  E  di d not ,  the n w e diagnos e thi s fac -
to r  C  a s absen t  (rul e r4) . 

Tabl e 2 :  Inferenc e rule s fo r  predictin g an d diagnosin g event s 

Predictin g a n effec t  E : 

rl causation (Cs <-> E) a Cs 
=> E 

Predicting the absence of an effect E: 

r2 causation(Cs <-> E) a -iCs 
=> -. E 

Diagnosing a causal factor C: 

r3 causation( ( (C a N) v A) <-^ E) a E a -A 
=> C 

Diagnosing the absence of a causal factor C: 

r4 causation (( (C a N) v A) <-^ E) a -tE a N 
=> -. C 

Note. Cs = causes, E = effect, C = a single causal factor, 
N =  additiona l  necessar y factors ,  A  =  alternativ e causes . 

Suppos e a  perso n want s t o diagnos e a  fault y airba g sensor . 
She know s tha t  th e airba g o f  a  ca r  ha s bee n inflated : 

(8) inflated(airbag(car_l)) 

If the person believes 

(6) V car: accident(car) a -iinsensitive(sensor(car)) 
<-> inflated(airbag(car) ) 

then she will infer with rule r3 that the airbag sensor 
behave d correctl y an d wa s no t  insensitive : 

(6 & 8 =>r3 9) -iinsensitive(sensor(car_l)) 

However a person who believes 

(7) V car: accident(car) v oversensitive(sensor(car)) 
<-4 inflated(airbag(car) ) 

cannot say anything about the airbag sensor: It could have 
bee n oversensitiv e o r  not . 

The Prediction of New Empirical Phenomena 

Havin g specifie d th e assume d conten t  specifi c  (causal ) 
knowledg e w e ar e no w abl e t o predic t  ne w effect s o f  per -
spectiv e change . 

Perspectiv e chang e i n selectio n tasks :  Th e origina l  effec t 
was demonstrate d b y comparin g tw o version s o f  selectio n 
task s tha t  wer e sai d t o hav e th e sam e logica l  for m (namel y a 
conditiona l  rul e P  - ^  Q ) ,  an d th e sam e instruction ,  t o diag -
nos e case s o f  rul e violatio n ( P a  - .Q) .  Bu t  th e tw o version s 
wer e designe d i n suc h a  wa y tha t  subject s understoo d th e 
instructio n differentl y wit h referenc e t o th e adopte d perspec -
tiv e o n th e conten t  domain ,  e.g. ,  cheatin g o f  th e on e part y 
corresponde d t o P  a  —iQ ,  cheatin g o f  th e othe r  part y t o 
—iP A  Q .  Mos t  subject s ignore d th e conditiona l  an d followe d 
th e perspective .  O n th e basi s o f  ou r  mode l  o f  causa l  reason -
ing ,  w e ar e abl e t o predic t  analogou s effects . 

Conside r  tw o tas k version s wit h th e sam e conditiona l  rul e 

CI 'If a car has an accident (P), 
the n th e airba g o f  th e ca r  i s inflate d (Q) ' 

but with different perspectives: A standard version suggest-
in g tha t  th e airba g senso r  ma y possibl y no t  reac t  becaus e o f 
an insensitiv e sensor : 

(6) V car: accident(car) a ->insensitive(sensor(car)) 
<-> inflated(airbag(car) ) 

and a reversed version suggesting that the airbag sensor may 
erroneousl y reac t  becaus e o f  a n oversensitiv e sensor : 

(7) V car: accident(car) v oversensitive(sensor(car)) 
<- ^  inflated(airbag(car) ) 

In  both versions the task is to detect cases of rule violation. It 
ca n b e interprete d causall y a s t o detec t  th e respectiv e fault . 
On th e basi s o f  (6 )  a n insensitiv e senso r  ca n b e detecte d i f  a 
ca r  ha s a n acciden t  bu t  th e airba g i s no t  inflate d (classifie d 
wit h referenc e t o C I  a s P  a  —iQ) .  I n contrast ,  o n th e basi s o f 
(7 )  a n oversensitiv e senso r  ca n b e detecte d i f  a  ca r  ha s n o 
acciden t  bu t  th e airba g i s inflate d (-, P a  Q  wit h referenc e t o 
CI) .  Thus ,  changin g th e poin t  o f  view ,  tha t  i s  t o sa y changin g 
th e relevan t  causa l  backgroun d knowledge ,  result s i n differ -
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Tabl e 3 :  Th e predictio n o f  causa l  perspectiv e change :  Changin g th e poin t  o f  vie w (P I  vs .  P2 )  result s i n differen t  violatio n 
checkin g behavio r  Classifie d wit h referenc e t o th e conditiona l  statement s C I  'I f  a  ca r  ha s a n acciden t  (P) ,  the n th e 
airba g o f  th e ca r  i s  inflate d (Q) '  vs .  C 2 i f  a  ca r  ha s n o acciden t  (P) ,  the n th e airba g o f  th e ca r  i s no t  inflate d (Q) '  w e 
expec t  th e typica l  effec t  o f  perspectiv e chang e ( P a  -. Q vs .  -. P a  Q ) . 

Poin t  o f  vie w Violatio n =  faul t  diagnosi s 

Classifie d wit h referenc e 

t o C 1 a s t o C 2 a s 

PI :  Additiona l  inhibitor y causa l  facto r  (6 ) 

V car :  accident(car )  a  -iinsensitive(sensor(car) ) 

<-» inflated(airbag(car) ) 

P2: Additional alternative causal factor (7) 

V car :  accident(car )  v  oversensitive(sensor(car) ) 

<-> inflated(airbag(car) ) 

accident(car )  a  -.infiated(airbag(car) ) 

=>r 4 insensitive(sensor(car) ) 

naccident(car )  a  inflated(airbag(car) ) 

=>r 3 oversensitive(sensor(car) ) 

Pa^ Q 
standar d 

-,Pa Q 
reverse d 

^Pa Q 
reverse d 

Pa^ Q 
standar d 

Note .  Th e conditiona l  C I  ca n b e violate d onl y give n perspectiv e PI ,  th e conditiona l  C 2 onl y give n perspectiv e P2 . 

ent  violatio n checkin g behavio r  regardles s o f  th e conditiona l 
rule .  W e therefor e expec t  i n causa l  selectio n task s th e typica l 
answer  patterns :  P/-i Q i n th e standar d versio n an d -iP/ Q i n 
th e reverse d versio n (se e Tabl e 3) .  Not e tha t  wit h respec t  t o 
th e conditiona l  C I  diagnosin g a n oversensitiv e senso r  i n th e 
reverse d versio n seem s deductivel y no t  valid ,  bu t  wit h 
respec t  t o th e causa l  knowledg e (7 )  i t  is . 

Perspectiv e chang e i n a  rul e evaluatio n task :  I n explainin g 
th e effec t  o f  perspectiv e chang e i n th e selectio n tas k w e 
assume tha t  mos t  subject s ignor e th e conditiona l  rul e 
becaus e th e instructio n enable s the m t o d o so .  Bu t  i f  w e as k 
fo r  a n evaluatio n o f  th e rul e itsel f  w e shoul d expec t  a  logi -
call y correc t  handling . 

Suppos e a  perso n believe s 

(6) V car: accident(car) a -iinsensitive(sensor(car)) 
<-> inflated(airbag(car)) . 

Asked which of the two conditionals could be violated 

CI if a car has an accident, 
the n th e airba g o f  th e ca r  i s inflated '  o r 

C2 i f  a  ca r  ha s n o accident , 
the n th e airba g o f  th e ca r  i s  no t  inflated ' 

the person should answer 'only CI'. If she assumes that a car 
reall y ha s a n acciden t  (P) ,  the n i t  i s  no t  sur e o n th e basi s o f 
(6 )  tha t  th e airba g i s reall y inflated .  I t  depend s o n th e sensor . 
I f  i t  i s  insensitive ,  the n th e airba g i s no t  inflate d (-iQ) ,  an d 
th e conditiona l  C I  i s violate d .  Howeve r  a  perso n w h o 
believe s 

(7) V car: accident(car) v oversensitive(sensor(car)) 
<-> inflated(airbag(car) ) 

should give the opposite answer Now only the conditional 
C2 ca n b e violated ,  i f  th e ca r  reall y ha s n o acciden t  (P )  bu t 
th e airba g i s inflate d (-iQ )  becaus e th e senso r  i s oversensi -
tive . 

Proo f  schema :  P  a  (-.Q )  = > -,{ P - ^  Q) . 

C a u s a l  R e a s o n i n g W i t h a  Po in t  o f  V i e w 

On th e basi s o f  ou r  consideration s o n causa l  reasonin g w e 
predic t  tw o differen t  phenomena .  First ,  changin g th e poin t  o f 
vie w i n causa l  selectio n task s shoul d chang e th e predomi -
nant  selectio n patter n i n th e sam e wa y a s i n selectio n task s 
wit h socia l  rules .  Second ,  i f  w e as k subject s explicitl y  t o 
evaluat e conditiona l  statement s usin g thei r  causa l  knowledg e 
the y shoul d handl e the m formall y correct .  I n th e followin g 
we presen t  a n experimen t  designe d t o tes t  bot h predictions . 

Materials 

We use d tw o scenarios ,  airba g an d fire  extinguisher .  Bot h 
hav e a n identica l  structure ,  therefor e th e material s ar e 
describe d onl y fo r  th e first  one .  Fo r  eac h scenari o w e devel -
ope d tw o differen t  type s o f  tasks :  selectio n task s an d rul e 
evaluatio n tasks .  Al l  task s wer e presente d i n German . 

Selectio n tasks :  Eac h tas k consiste d o f  a  conditiona l  rule ,  a 
contex t  story ,  an d a n instruction .  W e use d tw o conditiona l 
rule s (C1/C2 )  bot h i n cause-effec t  order .  C I  wa s formulate d 
affirmatively ,  C 2 wa s negated : 

CI 'If a car has an accident, 
the n th e airba g o f  th e ca r  i s inflated '  an d 

C2 'I f  a  ca r  ha s n o accident , 
the n th e airba g o f  th e ca r  i s no t  inflated ' 

Two context stories were used (P1/P2). Both instructed the 
subject s t o tak e th e rol e o f  a  mechani c w h o ha s t o diagnos e a 
fault y airbag .  Versio n P I  cue d th e subject s t o believ e th e 
faul t  (a n insensitiv e sensor )  t o b e a n inhibitor y causa l  factor . 
I n versio n P 2 th e faul t  (a n oversensitiv e sensor )  coul d b e 
interprete d a s a n alternativ e cause .  Th e subjects '  tas k wa s t o 
chec k informatio n abou t  fou r  car s (writte n o n cards )  t o find 
out  whethe r  th e rul e ha s bee n violated .  O n on e sid e o f  eac h 
car d ther e wa s informatio n abou t  whethe r  th e ca r  ha d a n 
accident ,  o n th e othe r  sid e whethe r  th e airba g o f  th e ca r  wa s 
inflated .  Th e fou r  card s rea d 'ha d a n accident' ,  'ha d n o acci -
dent' ,  'th e airba g wa s inflated' ,  an d 'th e airba g wa s no t 
inflated' .  Combinin g th e tw o conditional s (C1/C2 )  wit h th e 
tw o contex t  storie s (P1/P2 )  w e go t  fou r  tas k versions :  tw o 
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standar d version s an d tw o reverse d version s (se e Tabl e 3  fo r 
th e concret e predictions) . 

Rul e evaluatio n tasks :  Th e sam e tw o contex t  storie s a s i n 
th e selectio n task s wer e used .  Thi s tim e th e subjects '  tas k 

was t o decid e o n th e basi s o f  th e causa l  knowledg e triggere d 
by th e contex t  stor y (P1/P2 )  whic h o f  th e tw o conditional s i n 
questio n (th e affirmativ e C I  o r  th e negate d C2 )  ca n b e vio -
late d (none ,  on e o f  them ,  o r  both) .  Takin g int o accoun t  th e 
causa l  knowledg e onl y on e o f  th e tw o conditional s ca n b e 
violate d i n eac h o f  th e tas k version s (se e Tabl e 3  fo r  th e con -
cret e prediction) . 

Subjects 

168 student s fro m th e Universit y o f  Freibur g participate d i n 
th e experiment .  Student s wer e pai d volunteer s fro m al l  disci -

pline s (excludin g psychology ,  mathematics ,  an d philoso -
phy) .  The y wer e untraine d i n logics ,  an d non e o f  the m ha d 
any prio r  experienc e wit h th e selectio n task .  Subject s wer e 
investigate d i n smal l  groups . 

Design 

We use d a  mixe d design :  Th e tw o causa l  scenario s (airba g 
and fire  extinguisher )  wer e give n withi n subjects ,  an d th e dif -
feren t  tas k version s pe r  scenari o (selectio n task s an d rul e 
evaluatio n tasks )  varie d betwee n subject s (2 1 subject s pe r 
tas k version) .  Eac h subjec t  receive d on e tas k o f  eac h causa l 
scenari o i n a  bookle t  togethe r  wit h other s task s no t  analyze d 
here .  On e o f  th e task s triggere d a n additiona l  inhibitor y 
causa l  facto r  th e othe r  a n additiona l  alternativ e causa l  factor . 
The tw o task s wer e balance d wit h respec t  t o typ e {standar d 
vs .  reverse d selectio n task ,  an d rul e evaluatio n task) .  The y 
wer e presente d i n rando m orde r  t o eac h subject .  I n addition , 
th e orde r  o f  th e fou r  card s i n eac h selectio n tas k wa s als o 
randomly . 

Results 

The result s  o f  th e selectio n task s ar e presente d i n Tabl e 4  fo r 
bot h scenario s (airba g an d fire  extinguisher )  separately .  A s 
predicted ,  changin g th e poin t  o f  vie w fro m standar d t o 
reverse d change s th e predominan t  selectio n patter n fro m 

Table 4: Frequencies of the two critical selection patterns 
P/—iQ an d —iP/ Q i n th e selectio n task s dependin g o n 
tas k versio n (standar d vs .  reversed )  an d scenari o 
(airba g vs .  fire  extinguisher ) 

Tabl e 5 :  Frequencie s o f  th e fou r  possibl e answe r  pattern s i n 
th e rul e evaluatio n task s o f  bot h scenario s (airba g 
and fire  extinguisher ) 

P/-. Q 

^P/ Q 

P/-n Q 

-,P/ Q 

Standar d Reverse d 

( n eac h 42 )  ( n eac h 42 ) 

81,0 % 

2,4 % 

69, 1 % 

7, 1 % 

Airba g 

(34 )  9, 5 % (4 ) 

(1 )  69,1 % (29 ) 

Fir e extinguishe r 

(29 )  2,4 % (1 ) 

(3 )  66, 7 % (28 ) 

Airba g 

(n =  42 ) 

Fir e extinguishe r 

(n =  42 ) 

Correc t 

Opposit e 

Bot h 

None 

69, 1 % 

14, 3 % 

7,1 % 

9,5 % 

(29 ) 

(6 ) 

(3 ) 

(4 ) 

69, 1 % 

11.9 % 

9,5 % 

9,5 % 

(29 ) 

(5 ) 

(4 ) 

(4 ) 

P/-i Q t o -iP/Q .  I n eac h o f  th e fou r  tas k version s o f  bot h sce -
nario s twelv e o r  mor e o f  2 1 subject s selecte d th e predicte d 
car d pattern .  Th e exac t  rando m probabilit y  p  tha t  on e 
observe s a  frequenc y x  o f  five  o r  mor e predicte d answer s i s 
alread y p<0.0 1 (;?( x >  5 ;  21 ;  r  =  1/16) ,  compute d o n th e 
basi s o f  th e binomia l  distributio n wit h r  bein g th e probabilit y 
t o produc e th e righ t  answe r  b y guessing) .  S o eac h singl e 
resul t  i s highl y significant .  I n addition ,  w e compute d (t)-cor -
relatio n coefficient s betwee n th e tas k versio n (standar d vs . 
reversed )  an d th e frequencie s o f  th e critica l  selectio n pat -
tern s (P/-i Q vs .  -.P/Q )  fo r  eac h scenari o separately .  Correla -
tio n coefficient s o f  ([ )  =  -0,8 6 (x ^  =  49.80 ,  df=\ ,  p < 0.01 ) 
fo r  th e airba g scenario ,  an d (j )  =-0,8 7 (x ^  =  46.26 ,  df = 1 , 
p <  0.01 )  fo r  th e fire  extinguishe r  scenari o respectively ,  indi -
cat e larg e effects . 

Tabl e 5  give s th e result s  o f  th e rul e evaluatio n task s aggre -
gate d ove r  th e tw o tas k version s fo r  eac h scenari o (airba g 
and fire  extinguisher )  separately .  I n eac h o f  th e fou r  singl e 
tas k version s twelv e o r  mor e subject s chos e th e correc t  con -
ditiona l  rul e a s bein g logicall y violate d give n th e respectiv e 
perspectiv e (exac t  probabilit y  p( x >  11 ;  21 ;  r  =  1/4 )  <  0.01) . 
Agai n eac h singl e resul t  i s  highl y significant . 

Conclusions 

The empirica l  result s an d th e theoretica l  analysi s strongl y 
back u p ou r  position .  First ,  w e wer e abl e t o predic t  an d t o 
empiricall y demonstrat e effect s o f  perspectiv e chang e i n 
causa l  selectio n task s an d thereb y disprov e Cosmides " 
(1989 )  clai m tha t  ther e ar e n o conten t  effect s i n selectio n 
task s withou t  socia l  rules .  Second ,  w e argue d tha t  i n th e 
causa l  selectio n task s wit h reverse d perspectiv e a n inconsis -
tenc y exist s betwee n th e conditiona l  rul e an d bot h th e con -
tex t  stor y an d th e backgroun d knowledg e o f  th e subjects .  I n 
thes e task s checkin g whethe r  th e conditiona l  rul e i s violate d 
does no t  mea n th e sam e a s diagnosin g th e technica l  faul t  a s 
suggeste d b y th e perspective .  Mos t  subject s decide d t o fol -
lo w th e perspective ,  thereb y solvin g th e task s "illogically " 
wit h respec t  t o th e conditiona l  rule .  Wit h referenc e t o th e 
causa l  knowledg e th e subjects '  answer s ar e perfectl y valid . 
Finally ,  th e rul e evaluatio n task s sho w tha t  peopl e d o reall y 
handl e themati c conditional s logicall y correctl y i f  w e explic -
itl y  as k the m t o d o so .  Thus ,  i n ou r  opinio n th e effec t  o f 
causa l  perspectiv e chang e doe s no t  contradic t  logica l  reason -
ing .  A  comparabl e fine  graine d analysi s o f  th e origina l  effec t 
wit h socia l  rule s yield s th e sam e resul t  (Beller ,  1997) .  Th e 
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subjects '  reasonin g i s logicall y i n lin e wit h th e knowledg e 
give n b y th e perspectiv e whic h i n th e reverse d versio n i s 
inconsisten t  wit h th e conditiona l  rule .  But ,  w h o i s t o blame , 
th e experimente r  developin g suc h inconsisten t  task s o r  th e 
subject s wh o hav e t o solv e them ? 

What  implication s fo r  th e theoretica l  debat e o n huma n 
deductiv e reasonin g ca n b e draw n fro m thes e results ? Th e 
significanc e o f  thes e effect s i s tha t  the y mak e u s awar e o f  th e 
importanc e o f  th e interpretiv e proces s (Fillenbauni ,  1993) . 
We hav e t o thin k carefull y abou t  ho w subject s interpre t  ou r 
reasonin g task s o n th e basi s o f  thei r  backgroun d knowledge . 
Further ,  w e hav e t o conside r  suc h knowledg e i n ou r  genera l 
theorie s o f  deductiv e reasonin g (e.g. ,  Johnson-Laird ,  1983 , 
Rips ,  1994 )  otherwis e w e canno t  explai n th e differenc e 
betwee n reasonin g wit h abstrac t  material s an d reasonin g 
wit h themati c materials .  Agai n Wason' s selectio n tas k give s 
an impressiv e exampl e fo r  suc h a  difference :  th e classica l 
abstrac t  versio n (i n contras t  t o themati c versions )  i s  normall y 
solve d correctl y b y les s tha n 1 0 % o f  th e subject s (Waso n & 
Johnson-Laird ,  1972) .  Understandin g thes e difference s 
means tha t  w e hav e t o tak e th e notio n o f  "content "  seriously . 
I n lin e wit h othe r  author s (e.g .  Chen g &  Holyoak ,  1985 ; 
Gigerenzer ,  1995 )  w e se e th e nee d fo r  integratin g "content " 
i n ou r  theorie s o f  deductiv e reasoning ,  bu t  w e thin k tha t  on e 
canno t  pla y "content "  of f  agains t  "logic" . 
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