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S u p p r e s s i o n E f f e c t s b y C o n t e n t  a n d C o n t e x t 

Hansjorg Neth (neth@psychologie.uni-freiburg.de) 

S i e g h a r d Bel le r  (beller@psychologie.uni-freiburg.de ) 

Departmen t  o f  Psychology ;  Universit y o f  Freibur g 
7 9 08 5 Freiburg ,  German y 

Abstrac t 

The suppression of logically valid inferences by the content 
or  contex t  o f  premise s ca n b e see n a s a n instanc e o f  knowl -
edge havin g a  detrimenta l  influenc e o n reasoning .  Althoug h 
Henl e (1962 )  ha s claime d tha t  invali d deduction s ar e du e t o 
additiona l  premise s draw n fro m backgroun d knowledge ,  cur -
ren t  researc h o n conten t  effect s ignore s th e methodologica l 
implication s o f  thi s claim .  Elaboratin g o n th e suppressio n 
effec t  i n conditiona l  reasonin g (Byrne ,  1989) ,  w e presen t  a 
knowledge-base d approac h tha t  make s relevan t  feature s o f 
backgroun d knowledg e a n integra l  par t  o f  th e analysis .  Afte r 
identifyin g th e sufficienc y an d necessit y o f  condition s a s th e 
typ e o f  knowledg e mediatin g th e effect ,  w e construc t  an d 
validat e tas k material s independentl y fro m an y assessmen t  o f 
reasonin g (Experimen t  1) .  W e the n replicat e an d exten d sup -
pressio n effect s i n syllogis m task s (Experimen t  2 )  an d sho w 
tha t  participant s ar e abl e t o couc h thei r  backgroun d knowl -
edge i n formall y correc t  wording s (Experimen t  3) . 

(Politze r  &  Braine ,  1991) .  Thi s conjunctio n yield s "I f  An n 
i s i n N e w Yor k an d i t  i s  stil l  open ,  sh e visit s th e Guggen -
heim "  an d block s th e M P i n question .  A s bot h theorie s refe r 
t o interpretiv e processe s tha t  ar e no t  withi n thei r  scope ,  the y 
suffe r  fro m th e sam e shortcomin g (Fillenbaum ,  1993) :  nei -
the r  ca n explai n wh y premise s o f  on e an d th e sam e syntacti c 
for m ar e interprete d differentl y base d o n thei r  content .  T o 
understan d thi s process ,  i t  i s  necessar y t o embe d th e stud y o f 
deductiv e reasonin g i n a  knowledge-base d approac h (Cha n 
& Chua ,  1994 ;  Beller ,  1997 ;  Belle r  &  Spada ,  1998) . 

A Knowledge-Based Approach 

To introduce our point of view, let us analyze another version 
of  th e abov e example .  Base d o n th e premise s 

(1) If Ann is in New York, she visits the Guggenheim. 
(4 )  An n i s no t  i n N e w York . 

Suppos e yo u wer e presente d wit h th e followin g premises : 

(1) If Ann is in New York, she visits the Guggenheim. 
(2 )  I f  i t  i s  sul l  open ,  sh e visit s th e Guggenheim . 
(3 )  An n i s i n N e w York . 

Would you conclude that Ann visits the Guggenheim? If not, 
yo u fel l  pre y t o th e suppressio n effec t  (Byrne ,  1989 )  b y no t 
drawin g th e vali d inferenc e o f  M o d u s Ponens ,  warrante d b y 
premise s (1 )  an d (3) .  Th e demonstratio n tha t  th e vali d infer -
ence s o f  M o d u s Ponen s ( M P )  an d M o d u s Tollen s ( M T )  ca n 
b e suppresse d b y a n additiona l  premis e (2 )  wa s use d agains t 
an earlie r  resul t  tha t  additiona l  premise s ca n als o preven t  th e 
fallaciou s inference s 'Affirmatio n o f  th e Consequent '  (AC ) 
an d 'Denia l  o f  th e Antecedent '  ( D A ) ,  thereb y facilitatin g 
logica l  performanc e (Rumain ,  Connell ,  &  Braine ,  1983) . 

Th e ambigou s natur e o f  thi s phenomeno n provoke d a  vig -
orou s debat e abou t  contemporar y theorie s o f  h u m a n reason -
ing .  Proponent s o f  a  menta l  model s theor y (Byrne ,  1991 ; 
Johnson-Lair d &  Byrne ,  1991 )  focu s o n semanti c procedure s 
of  integratin g formall y identica l  premise s an d argu e tha t  con -
textua l  informatio n facilitate s th e searc h fo r  counterexam -
ple s t o putativ e conclusion s (Byrne ,  Espino ,  &  Santamaria , 
1998) .  Theorist s w h o conceptualiz e th e min d a s equippe d 
wit h taci t  rule s o f  inferenc e clai m tha t  premis e (2 )  lead s par -
ticipant s t o questio n th e trut h o f  premis e (1) ,  an d t o com -
bin e th e tw o anteceden t  proposition s i n a  conjunctiv e wa y 

m a ny certainl y woul d conclud e tha t  A n n doe s no t  visi t  th e 
Guggenheim .  Bu t  thi s conclusio n seem s logicall y unjus -
tified ,  fo r  concludin g 'no t  q '  fro m 'i f  p  the n q '  an d 'no t 
p '  mean s t o commi t  th e fallac y o f  D A .  Yet ,  agai n a n extr a 
premis e migh t  b e t o blam e fo r  thi s apparen t  erro r  i n reason -
ing .  Fo r  i f  someon e know s tha t  th e Guggenhei m i s actuall y 
locate d i n N e w York ,  h e o r  sh e migh t  introduc e thi s spatia l 
informatio n a s 

(5) If Ann visits the Guggenheim, she is in New York. 

Based on this implicit premise it follows by MT that Ann 
doe s no t  visi t  th e Guggenhei m i f  sh e i s no t  i n N e w York . 
But  eve n thi s explanatio n depend s o n backgroun d knowl -
edge .  Fo r  believin g (5 )  mean s t o b e negligen t  o f  th e fac t 
tha t  ther e i s anothe r  Guggenhei m m u s e u m i n Bilbao ,  Spain . 

Th e relatio n betwee n knowledg e an d reasonin g ha s puz -
zle d philosopher s eve r  sinc e Plato .  Experimenta l  evidenc e 
indicatin g tha t  additiona l  informatio n ca n suppres s logica l 
thinkin g seem s t o refut e th e naiv e equatio n "th e mor e knowl -
edg e th e bette r  th e reasoning. "  Henl e (1962 )  sough t  t o re -
establis h universa l  deductiv e competenc e b y claimin g tha t 
al l  inference s ar e perfectl y vali d bu t  occasionall y base d o n 
additiona l  o r  distorte d premises .  Ye t  dissolvin g th e issu e o f 
fault y reasonin g b y mer e referenc e t o interpretiv e processe s 
introduce s a  secon d blac k bo x t o accoun t  fo r  th e first.  Eve n i f 

468 

mailto:neth@psychologie.uni-freiburg.de
mailto:beller@psychologie.uni-freiburg.de


additiona l  o r  misinterprete d premise s m a y accoun t  fo r  a  va -
riet y o f  apparen t  errors ,  th e clai m tha t  eventuall y  al l  fallacie s 
can b e reduce d t o thi s mechanis m coul d stil l  b e premature . 

A crucia l  poin t  i n th e debat e o n conten t  effect s i s th e de -
pendenc e o f  logica l  validit y o n th e premise s a s understoo d 
by th e reasoner .  Bu t  despit e it s appeal ,  th e methodologi -
cal  consequence s o f  thi s ide a hav e widel y bee n ignored .  T o 
accoun t  fo r  conten t  effects ,  a t  leas t  fou r  level s o f  analysi s 
hav e t o b e distinguished :  (a )  th e linguisti c framin g o f  th e 
premises ,  (b )  thei r  forma l  propertie s a s define d b y th e se -
mantic s o f  logic ,  (c )  th e inferentia l  propertie s o f  backgroun d 
knowledg e tha t  i s triggere d b y th e premises '  content ,  an d fi -
nally ,  (d )  th e menta l  integratio n o f  al l  thi s i n th e reasoner' s 
mind . 

Withi n ou r  knowledge-base d framewor k w e focu s o n th e 
complementar y level s (b )  an d (c) :  Separat e formalization s o f 
for m an d conten t  yiel d tw o predictiv e model s whos e combi -
natio n predict s th e facilitatio n o f  formall y correc t  inference s 
wheneve r  th e conclusion s warrante d b y bot h model s coin -
cide .  Likewise ,  suppressio n o f  formall y correc t  inference s 
i s expecte d t o occu r  wheneve r  bot h prediction s diverg e (a s i t 
was th e cas e i n bot h example s above) .  However ,  whe n for m 
and conten t  predic t  inconsisten t  conclusions ,  evaluatio n o f 
logica l  validit y doe s no t  depen d o n logic ,  bu t  o n th e preferre d 
poin t  o f  view . 

Methodologically ,  th e relativit y  o f  conclusion s t o differen t 
predictiv e model s suggest s experimenta l  researc h o n conten t 
effect s t o procee d i n a  tw o ste p strategy : 

1.  W h e n backgroun d knowledg e i s claime d t o hav e effect s 
on reasoning ,  i t  mus t  no t  b e consulte d onl y pos t  ho c t o jus -
tif y  otherwis e invali d answers .  T o avoi d circula r  argumenta -
tio n (Smedslund ,  1970) ,  relevan t  inferentia l  feature s o f  con -
ten t  hav e t o b e specifie d i n advanc e an d teste d independentl y 
fro m an y judgmen t  abou t  th e validit y o f  inferences . 

2.  Onc e assumption s abou t  th e relevan t  typ e o f  back -
groun d knowledg e hav e bee n secured ,  it s influenc e o n rea -
sonin g ca n b e addressed ,  e.g. ,  b y assessin g th e exten t  t o 
whic h change s i n conten t  o r  contex t  invit e formall y invali d 
inferences . 

General Design of the Experiments 

To apply this framework to account for effects of suppression 
and facilitatio n i n conditiona l  reasoning ,  w e follo w Thomp -
son (1994 )  b y takin g knowledg e abou t  th e sufficienc y an d 
necessit y o f  condition s a s ke y variable s t o captur e th e rele -
van t  feature s o f  content .  Combinin g bot h dimension s result s 
i n {ou t  pattern s o f  dependenc e betwee n a  conditio n p  an d a 
consequenc e q : 

S-l-N-f :  p  i s bot h sufficien t  an d necessar y fo r  q . 
S-l-N— :  p  i s sufficien t  bu t  no t  necessar y fo r  q . 
S-N-I- :  p  i s no t  sufficien t  bu t  necessar y fo r  q . 
S - N - :  p  i s neithe r  suffien t  no r  necessar y fo r  q . 

Sometime s i t  i s onl y know n tha t  a  conditio n p  correlate s wit h 
a consequenc e q  bu t  th e precis e natur e o f  th e relatio n i s un -
known .  Thi s ca n b e represente d a s a  fifth  patter n (S?N?) . 
Furthermore ,  severa l  condition s ma y ac t  additivel y o r  alter -
natively .  Additiv e condition s ca n b e understoo d a s conjunc -
tion s o f  singl e factor s (e.g .  p  A  pcdd) ,  an d alternativ e con -
dition s a s disjunction s (e.g .  p  V  pait) -  Fo r  instance ,  i n th e 

Tabl e 1 :  A n exampl e o f  a  S—N-l -  scenario :  Accordin g t o 
genera l  socia l  knowledg e p  i s necessar y bu t  insufficien t  for^ . 

primar y conditio n p : 
consequen t  q : 
alternativ e conditio n pati' . 
additiona l  conditio n Padd ' 

She ha s enoug h money . 
She buy s hersel f  a  dress . 
She ha s a  credi t  card . 
The shop s ar e open . 

exampl e a t  th e ver y beginning ,  th e tw o condition s ("An n i s 
i n N e w York "  an d "I t  i s  stil l  open" )  m a y b e interprete d a s 
conjunctiv e factor s fo r  he r  visi t  t o th e Guggenheim . 

Havin g describe d h o w relevan t  backgroun d knowledg e 
ca n b e conceptualized ,  w e wer e abl e t o develo p concret e tas k 
scenarios .  Th e cor e o f  eac h scenari o consist s o f  a  primar y 
conditio n p  an d a  consequenc e q ,  whos e relatio n i s on e o f  th e 
five  pattern s o f  dependenc e define d above .  Fo r  eac h scenari o 
we introduce d a n alternativ e conditio n pai t  an d a n additiona l 
conditio n padd -  A s sufficienc y an d necessit y ar e abstrac t  con -
cept s w e di d no t  expec t  effect s du e t o highl y domain-specifi c 
reasonin g schema s (Chen g &  Holyoak ,  1985) .  Bu t  t o allo w 
fo r  thei r  possibility ,  eac h patter n o f  dependenc e wa s instan -
tiate d i n thre e knowledg e domain s (causal ,  social ,  an d con -
ceptua l  relations) .  Combinin g bot h factor s resulte d i n fifteen 
scenario s o f  whic h Tabl e 1  present s a n example . 

I n lin e wit h th e methodologica l  progra m outline d i n th e 
previou s section ,  ou r  first  experimen t  assure s tha t  partici -
pant s actuall y perceiv e ou r  scenarios '  presume d pattern s o f 
dependenc e a s intended .  I n th e followin g tw o experiment s 
th e influenc e o f  backgroun d knowledg e o n tw o differen t 
task s i s analyzed :  Experimen t  2  show s tha t  suppressio n an d 
facilitatio n i n conditiona l  syllogism s depend s systematicall y 
on th e premises '  conten t  an d context .  Experimen t  3  demon -
strate s peoples '  linguisti c competenc e t o fram e thei r  knowl -
edg e i n formall y correc t  wordings . 

Experiment 1: 

R a t i n g Pa t te rn s o f  D e p e n d e n c e 

The goal of this experiment was to validate our materials and 
t o tes t  a  predictio n abou t  th e mechanis m o f  contex t  effects . 
I f  differen t  context s trigge r  differen t  aspect s o f  backgroun d 
knowledge ,  th e introductio n o f  a n extr a conditio n shoul d sys -
tematicall y alte r  th e perceive d sufficienc y an d necessit y o f 
th e primar y conditio n p :  Mentionin g a n alternativ e condi -
tio n Pait ,  shoul d specificall y reduc e th e perceive d necessit y n 
of  p ,  bu t  no t  it s perceive d sufficienc y T .  Likewise ,  w e expec t 
an additiv e conditio n p^d d t o reduc e T ,  bu t  no t  n . 

Method 

To assess perceived sufficiency Fand necessity « we devised 
a ratin g task .  Despit e encouragin g evidenc e b y Thompso n 
(1995) ,  a  pilo t  stud y showe d tha t  participants '  conception s 
of  thes e notion s varie d considerably .  Th e natura l  languag e 
usag e o f  "sufficiency "  i n particula r  seeme d susceptibl e t o 
deviation s fro m it s logica l  semantics .  I n logic ,  th e pres -
enc e o f  a  sufficien t  conditio n necessitate s it s consequence ;  i n 
everyday-contexts ,  however ,  possessio n o f  a  $10 0 bil l  migh t 
be considere d t o b e "sufficient "  t o bu y a  beer ,  ye t  doe s no t 
necessitat e it s purchase .  T o avoi d thes e linguisti c  issues ,  w e 
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aske d fo r  expecte d contingencies :  I f  p  i s sufficien t  fo r  q ,  i t 
i s  no t  possibl e tha t  p  i s th e cas e withou t  q  bein g th e cas e 
as well ;  therefore ,  wheneve r  on e know s tha t  p ,  on e woul d 
expec t  q .  Similarily ,  whe n p  i s necessar y fo r  q ,  p  mus t  b e 
th e cas e wheneve r  q  i s th e case .  Thus ,  assessin g contingen -
cie s i s logicall y equivalen t  t o askin g abou t  sufficienc y an d 
necessity ,  bu t  ca n b e don e i n a  mor e manageabl e format . 

Materials To create a situation similar to the syllogism tasks 
t o b e use d i n Experimen t  2 ,  w e wante d participant s t o notic e 
conditiona l  relation s withou t  actuall y assertin g them .  There -
fore ,  eac h scenari o introduce d a  conditiona l  a s th e statemen t 
of  a n alte r  ego :  "Suppos e someon e state d tha t  'i f  p ,  the n q' T 
We the n pointe d ou t  tha t  th e actua l  trut h o f  th e conditiona l 
was irrelevan t  t o th e task ,  whic h wa s t o rat e -  base d o n back -
groun d knowledg e -  th e degre e o f  confidenc e tha t  q  i s th e 
case ,  provide d tha t  p ,  an d vic e versa .  Bot h rating s wer e per -
forme d o n a  scal e fro m 0-100% .  Contex t  wa s introduce d b y 
addin g a  statemen t  lik e "N o informatio n abou t  pa u i s avail -
able. "  Thus ,  a n extr a conditio n wa s mentioned ,  bu t  th e ratin g 
tas k nonetheles s addresse d th e relatio n betwee n p  an d q . 

Procedure Thirty volunteers were recruited on the campus 
of  Universit y o f  Freibur g an d randoml y assigne d t o on e o f 
thre e groups .  Eac h participan t  rate d al l  1 5 scenario s i n a  ran -
domize d order .  Wherea s th e first  grou p receive d onl y scenar -
io s withou t  contex t  (onl y piq) ,  i n th e othe r  group s a n extr a 
conditio n wa s alway s presen t  (eithe r  pai t  o r  Padd < counterbal -
ance d acros s groups) . 

Results and Discussion 

As the manipulation of specific knowledge domains yielded 
no significan t  result s i t  wil l  b e exclude d fro m thi s an d al l 
subsequen t  analyses . 

Figur e 1  show s th e mea n rating s o n bot h dimension s 
i n th e absenc e o f  an y contextua l  condition .  Overal l  rat -
ing s o f  perceive d sufficienc y ?  wer e significantl y highe r  fo r 
S-l -  scenario s (wit h condition s tha t  wer e mean t  t o b e suffi -
cient )  tha n fo r  thos e o f  typ e S -  (91.8%>21.3% ;  Wilcoxo n 
signe d ranks :  z=6.7 ,  n=60 ,  p<.001) .  Likewise ,  perceive d ne -
cessit y n  wa s large r  fo r  scenario s o f  typ e N-| -  tha n o f  typ e N -
(93.3%>27.0% ;  z=6.6 ,  n=60 ,  p<.001) . 

Simila r  analyse s o f  perceive d sufficiencie s an d necessitie s 
withi n eac h singl e patter n o f  dependenc e indicate d a  devia -
tio n fro m ou r  prediction s onl y i n on e case :  A  significantl y 
highe r  ratin g o f  n  tha n o f  5  withi n scenario s o f  typ e S — N-
suggeste d tha t  the y d o no t  correspon d a s clos e t o ou r  inten -
tion s a s th e other s (34.3%>21.3% ;  z=3.16 ,  n=30 ,  p=0.002) . 
But  a s bot h mean s stil l  wer e withi n th e negativ e range ,  thi s 
sligh t  deviatio n i s acceptable . 

The overal l  effec t  o f  "context "  ca n b e see n i n Tabl e 2 , 
aggregate d ove r  al l  five  pattern s o f  dependence .  Wherea s 
ther e wa s n o differenc e i n perceive d sufficienc y an d ne -
cessit y withou t  extr a condition s (53.2%«58.3% ;  Wilcoxon : 
z=.97 ,  n=150 ,  p=0.33) ,  th e introductio n o f  a n alterna -
tiv e conditio n pa U selectivel y reduce d perceive d neces -
sit y n  (58.3%>46.5% ;  Mann-Whitney-U :  z=3.15 ,  n=:150 , 
p=0.002) ,  bu t  no t  perceive d sufficienc y ?(53.2%si53.7% ;  U : 
z=0.05 ,  n=150 ,  p=0.96) .  Mentionin g a n additiona l  condi -
tio n pad d instea d ha d jus t  th e opposit e effec t  o f  selectivel y 

XS-N+ XS+N 

perceive d sufficienc y 

Figure 1: The mean perceived sufficiency and necessity oip 
fo r  th e five  pattern s o f  dependenc e i n absenc e o f  an y contex -
tua l  condition .  Th e ellipse s exten d on e standar d deviatio n i n 
eithe r  dimension .  Eac h mea n represent s 6 0 ratings . 

reducing 5 (53.2%>40.4%; U: z=3.42, n=150, p=0.001) but 
not  n  (58.3%w53.6% ;  U :  z=0.98 ,  n=150 ,  p=0.33) .  A s a 
whole ,  th e patter n illustrate d b y Tabl e 2  i s a  ratin g equivalen t 
of  Byrne' s (1989 )  origina l  suppressio n effect . 

Bot h goal s o f  Experimen t  1  coul d b e achieved :  Partici -
pants '  knowledg e le d the m t o perceiv e th e scenario s a s theo -
reticall y predicted ,  an d th e perceive d pattern s o f  dependenc e 
wer e selectivel y modulate d b y th e introductio n o f  extr a con -
ditions .  Thi s validate s ou r  material s an d wil l  b e th e basi s t o 
interpre t  th e result s o f  th e followin g experiments . 

Experiment 2: 

D r a w i n g Condi t iona l  Inference s 

Correct conditional reasoning, that is, drawing the valid in-
ference s o f  M P an d M T whil e abstainin g fi-om  th e invali d 
ones o f  A C an d D A ,  i s on e o f  th e hallmark s t o asses s huma n 
logica l  competence .  I n ou r  secon d experiment ,  w e combine d 
th e methodologie s employe d b y Byrn e (1989 )  an d Thomp -
son (1994 ,  1995 )  t o replicat e an d generaliz e thei r  effect s an d 
explai n the m withi n ou r  knowledge-base d framework .  Wit h 
regar d t o th e tw o predictiv e model s (base d o n for m vs .  con -

Tabl e 2 :  Th e effect s o f  contex t  {paitlpadd )  o n th e rating s o f 
sufficienc y an d necessit y aggregate d ove r  pattern s o f  depen -
dence .  (Standar d deviation s i n brackets. )  Eac h mea n repre -
sent s 15 0 rating s o n a  0-10 0 scale . 

Rate d 

dimensio n 

Sufficienc y ? 

Necessit y n 

onl y pI q 

53.2(37.7 ) 

58.3(37.1 ) 

C o n t e x t 

+Pal l 
53. 7 (40.5 ) 

46.5(33.1 ) 

+Padd 
40. 4 (33.7 ) 
53.6(37.4 ) 
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Figur e 2 :  Th e percentage s o f  inference s base d o n a  singl e conditiona l  'I f  p  the n q '  withou t  a n extr a conditiona l  a s it s con -
text .  Hig h whit e an d lo w blac k bar s signif y hig h percentage s o f  formall y correc t  inferences .  Ever y ba r  represent s th e mea n 
percentag e ove r  3 0 trials . 

tent )  w e predicte d a n increas e i n formall y justifie d inference s 
when th e prediction s o f  bot h model s coincide ,  an d a  corre -
spondin g decreas e i n th e cas e o f  divergin g predictions .  A s 
we understan d thi s effec t  t o b e mediate d b y background -
knowledge ,  w e expec t  tha t  i t  ca n b e experimentall y evoke d 
i n th e sam e fashio n b y variation s o f  conten t  an d context . 

Method 

Materials The same fifteen scenarios validated in Experi-
ment  1  wer e no w use d t o develo p conditiona l  syllogisms . 
Each ite m consiste d o f  a  primar y conditiona l  'I f  p  the n q' , 
a categorica l  premis e (e.g .  p '  fo r  M P )  an d a  choic e o f  thre e 
possibl e conclusion s (e.g .  'q' ,  'notq '  an d 'nothin g follows') . 
For  eac h scenari o al l  fou r  conditiona l  inference s wer e use d 
(MP,  M T ,  A C ,  an d D A ) .  I n th e contex t  conditions ,  a n ex -
tr a conditiona l  wit h a n alternativ e o r  additiv e anteceden t 
{'\ f  Paii/Pad d the n q' )  wa s inserte d afte r  th e primar y one . 

As th e proposition s p  an d q  o f  th e primar y conditiona l 
stil l  exemplifie d eac h o f  th e five  pattern s o f  dependence ,  a 
not e o n possibl y "odd "  premise s i s i n plac e here :  Accord -
in g t o textboo k logic ,  relation s betwee n a  necessar y an d in -
sufficien t  conditio n p  an d a  consequenc e q  (S-N-h )  hav e t o 
be formalize d a s " q - > p '  (e.g .  "I f  Jac k goe s skiing ,  there' s 
snow"  -  a t  leas t  a s lon g a s alpin e skiin g i s  meant) .  I n a  natu -
ra l  languag e context ,  however ,  th e inversio n "I f  there' s snow , 
Jac k goe s skiing "  doe s no t  see m peculia r  a t  all .  O n th e con -
trary :  Wherea s th e first  sentenc e onl y state s a  notoriou s fac t 
of  c o m m o n knowledge ,  it s inversio n convey s ne w informa -
tio n abou t  Jack . 

Procedure 50 volunteers from the University of Freiburg 
participate d i n th e experiment .  Eac h complete d tw o book -
lets .  Th e first  containe d a  rando m sequenc e o f  al l  2 4 con -
ditiona l  syllogism s tha t  ca n b e constructe d fro m th e primar y 
conditiona l  o f  th e si x scenario s o f  tw o differen t  pattern s o f 
dependence . 

Afte r  finishing  th e first  booklet ,  th e volunteer s receive d 
anothe r  2 4 item s mad e u p b y th e si x scenario s o f  tw o othe r 
pattern s o f  dependence .  N o w eac h syllogis m wa s presente d 
i n th e contex t  o f  a n extr a conditonal ,  hal f  o f  whic h ha d al -
ternative ,  an d hal f  o f  whic h ha d additiv e antecedents .  Thus , 
ever y participan t  too k par t  i n a  "simple "  an d a  "context "  con -
ditio n an d responde d t o tota l  o f  1 2 scenario s fro m fou r  dif -
feren t  pattern s o f  dependenc e wit h fou r  differen t  categorica l 
premises .  Positio n o f  pattern s o f  dependenc e wa s counter -
balance d acros s five  groups ,  t o whic h participant s wer e ran -
doml y assigned . 

Resul t s a n d D iscuss io n 

The percentages of different conditional inferences with only 
a singl e conditiona l  premise ,  'I f  p  the n q' ,  ar e represente d i n 
Figur e 2 . 

As scenario s o f  typ e S ? N ? yiel d n o knowledge-base d pre -
dictio n w e use d th e inference s draw n unde r  thi s conditio n a s 
a baselin e t o asses s th e influenc e o f  backgroun d knowledg e 
by othe r  pattern s o f  dependence .  Th e las t  ba r  char t  i n Fig -
ur e 2  show s tha t  thi s baselin e consist s o f  a  standar d result : 
MP i s endorse d nearl y universall y an d mor e ofte n tha n M T , 
and bot h vali d inference s ar e draw n mor e ofte n tha n th e tw o 
fallacie s o f  A C an d D A . 

Whenever  i t  follow s fro m backgroun d knowledg e tha t  a 
conditio n p  i s sufficien t  fo r  a  consequenc e q  t o occu r  (S-I-) , 
thi s conten t  predictio n coincide s wit h th e forma l  interpreta -
tio n o f  th e conditiona l  ' p - ^  q \  s o tha t  a n overal l  increas e 
of  M P an d M T inference s shoul d result .  Vic e versa ,  i f  th e 
conten t  mode l  tag s a  conditio n p  a s bein g insufficien t  fo r 
a consequenc e q  (S—) ,  w e expecte d a  decrease .  However , 
onl y th e first  predictio n wa s supporte d b y ou r  data :  Wherea s 
th e mea n frequenc y o f  M P an d M T inference s wa s signifi -
cantl y highe r  fo r  S + scenario s tha n fo r  ou r  referenc e S ? N ? 
(91.7%>81.7% ;  x M . O l ,  df=l ,  p<.05) ,  the y wer e no t  sig -
nificantl y reduce d b y S -  scenario s (77 .5%w81.7% ;  x^=-70 , 
df=l,n.s.) . 

Complementaril y  t o th e influenc e o f  perceive d sufficienc y 
on M P an d M T ,  perceive d necessit y shoul d influenc e th e in -
ference s o f  A C an d D A .  If ,  a s i n th e sampl e scenari o show n 
i n Tabl e 1 ,  a  conditio n p  i s know n t o b e necessar y fo r  a 
consequenc e q  ( N + ) ,  th e content-base d predictio n contra -
dict s th e forma l  propertie s o f  a  conditiona l  ' p - ^  q' ,  whic h 
define s p  a s bein g sufficien t  fo r  q .  A s th e conten t  corre -
spond s t o a  reverse d formalizatio n 'q- > p' ,  w e expecte d a n 
increas e o f  inference s base d o n categorica l  premise s 'g '  an d 
'not;7',i.e. ,  A C an d D A wit h respec t  t o 'p-^q' .  Similarly ,  i f 
conditio n p  i s know n t o b e unnecessar y ( N - )  a  correspond -
in g decreas e shoul d result .  Again ,  onl y th e first  predictio n 
was supported :  Th e mea n frequenc y o f  A C an d D A infer -
ence s o f  bot h N-l -  scenario s wa s significantl y highe r  tha n th e 
correspondin g frequenc y o f  scenari o S?N ? (92 .5%>40.0% ; 
X^=68.91 ,  df=l ,  p<.01) ,  bu t  scenario s o f  typ e S -  di d no t 
yiel d th e opposit e effec t  (37.5%w40.0%;x^=.16 ,  df=l ,  n.s.) . 

Thes e analyse s sho w a  twofol d result :  Wheneve r  th e con -
ten t  predict s a  definit e conclusio n (a s i n th e S-l -  an d N + 
cases )  thi s conclusio n i s likel y t o b e drawn ,  whethe r  i t  co -
incide s wit h th e forma l  predictio n (a s i n th e cas e o f  M P an d 
M T)  o r  no t  (a s i n th e cas e o f  A C an d D A ) .  However ,  a  conten t 
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Tabl e 3 :  Th e percentage s o f  inference s (ou t  o f  150 )  i n thre e 
differen t  contexts ,  aggregate d ove r  pattern s o f  dependence . 

Contex t 

onl y pI q 

+Pal t 
•̂Piiil d 

MP 
92. 7 
92. 7 
64. 0 

MT 
75. 3 
78. 0 
46. 7 

AC 
58. 0 
16. 0 
50. 0 

DA 
62. 0 
14. 0 
47. 3 

model  tha t  predict s th e indefinit e answe r  "nothin g follows " 
doe s no t  significantl y affec t  reasoning . 

Effect s o f  context ,  i.e. ,  th e introductio n o f  a n extr a con -
ditiona l  premis e wit h a n alternativ e o r  additiv e antecedent , 
ar e depicte d i n Tabl e 3 .  Compare d t o th e frequencie s i n 
th e conditio n withou t  a n extr a conditiona l  (onl y p/q) ,  th e 
predicte d effect s o f  facilitatio n an d suppressio n wer e found : 
Th e frequenc y o f  A C an d D A inference s wa s significantl y 
reduce d b y th e introductio n o f  a n alternativ e conditio n pai t 
(15.0%<60.0% ;  x^=253.13 ,  df=l ,  p<.01) ,  an d als o b y a n 
additiv e conditio n paj d (48.7%<60.0% ;  x^=16.06 ,  df=l , 
p<.01) ,  thoug h no t  t o th e sam e extent .  Vic e versa ,  th e 
mean frequenc y o f  M P an d M T inference s wa s significantl y 
reduce d i n th e additiv e contex t  -¥pad d (55.3%<84.0% ; 
X^=183.43 ,  df=l ,  p<.01) ,  bu t  no t  i n th e alternativ e con -
tex t  +pa u (85.3%«84.0% ;  x^=.40 ,  df=l ,  n.s.) . 

To su m up ,  th e mai n prediction s o f  thi s experimen t  wer e 
empiricall y supported :  Throug h variation s o f  conten t  an d 
contex t  w e wer e abl e t o replicat e an d combin e th e result s 
of  Byrn e (1989 )  an d Thompso n (1994 ,  1995) ,  i.e. ,  w e foun d 
effect s o f  suppressio n an d facilitatio n i n conditiona l  syllo -
gisms .  B y theoreticall y accountin g fo r  the m withi n ou r  gen -
era l  framework ,  w e demonstrated  tha t  performanc e i n condi -
tiona l  reasonin g i s modulate d systematicall y b y backgroun d 
knowledge . 

Experiment 3: 

Selectin g A p p r o p r i a t e W o r d i n g s 

Psychological assessment of logical competence tradition-
all y presuppose s participants '  prope r  understandin g o f  semi -
forma l  premises ,  a s use d i n verba l  task s o f  conditiona l  rea -
soning .  O n th e othe r  hand ,  fallaciou s response s ar e fre -
quentl y attribute d t o misinterprete d logica l  notions ,  as ,  fo r 
example ,  th e confusio n o f  conditiona l  an d biconditiona l  rela -
tion s (se e Evans ,  Newstead ,  &  Byrne ,  1993 ,  fo r  a n overview. ) 
I n a  thir d experimen t  w e shifte d ou r  focu s fro m processe s o f 
languag e comprehensio n an d reasonin g t o th e selectio n o f 
logicall y adequat e formulations .  I f  participants '  linguisti c 
competenc e indee d include s a  basi c master y o f  th e condi -
tiona l  connective ,  w e woul d expec t  the m t o selec t  differen t 
wording s fo r  differen t  pattern s o f  dependence .  Moreover , 
thei r  selection s shoul d b e altere d systematicall y b y th e in -
troductio n o f  extr a condition s pa u an d Padd -

Method 

Materials To limit the range of possible answers we pre-
ferre d a  multipl e choic e forma t  t o a  fre e formulatio n task .  Fo r 
eac h scenario ,  w e first  presente d tw o conditionals ,  which ,  a s 
i n Experimen t  1 ,  wer e introduce d b y a n alte r  ego :  "Whe n 
aske d fo r  th e prope r  relatio n betwee n p  an d q ,  someon e pro -
pose d 'I f  p  the n q \  an d someon e els e 'I f  q  the n p '  " .  W e em -

phasize d tha t  both ,  eithe r  one ,  o r  non e o f  thes e proposition s 
coul d expres s th e actua l  relationshi p betwee n p  an d q ,  an d 
prompte d participant s t o indicat e whic h o f  thes e fou r  possi -
bilitie s wa s mos t  appropriat e accordin g t o thei r  backgroun d 
knowledge .  Du e t o th e constructio n o f  th e task ,  th e fou r  op -
tion s corresponde d t o a  biconditiona l  ( p ̂  q) ,  conditiona l 
(p- ^  q\s .  q- ^  p) ,  o r  non-conditiona l  ( p ~  q )  interpretation . 
Manipulation s o f  contex t  wer e accomplished  b y mentionin g 
an extr a condition ,  a s i n "N o informatio n abou t  pai i  i s avail -
able. " 

Procedur e Identica l  t o Experimen t  1 . 

Results and Discussion 

As indicate d i n Tabl e 4 ,  participant s wer e ver y sensitiv e t o 
variation s i n pattern s o f  dependence .  Overall ,  68.2 % o f  al l 
response s matche d th e predicte d category .  Thi s percentag e 
was highes t  fo r  contex t  "onl y p/q '  (79.2%) ,  an d lowe r  fo r 
context s '-(-/?„/, '  (64.0% )  an d '+Padd '  (61.3%) . 

The correspondenc e betwee n participants '  choice s an d th e 
prediction s i s bes t  illustrate d b y a n example .  Fo r  th e sam -
pl e scenari o o f  typ e S-N-l -  presente d i n Tabl e 1 ,  th e tw o 
propose d conditional s wer e "I f  sh e ha s enoug h money ,  sh e 
buy s hersel f  a  dress "  an d "I f  sh e buy s hersel f  a  dress ,  sh e 
has enoug h money. "  Becaus e havin g mone y (p )  i s a  neces -
sar y bu t  insufficien t  prerequisit e fo r  buyin g a  dres s (q) ,  onl y 
th e secon d sentenc e expresse s th e genera l  relatio n betwee n p 
and q  appropriatel y C q ̂  p') .  2 8 ou t  o f  3 0 participant s ha d 
thi s intuition . 

What  shoul d happe n i f  extr a condition s ar e mentioned ? 
Statin g tha t  i t  i s  unknow n whethe r  o r  no t  "sh e ha s a  credi t 
card "  provide s participant s wit h a n alternativ e conditio n paU -
The formall y appropriat e representatio n o f  thi s ne w situatio n 
' q ̂  p\/pait '  doe s no t  correspon d t o eithe r  conditiona l  for -
mulation .  Therefore ,  i f  thi s ne w informatio n i s take n int o 
account ,  th e non-conditiona l  categor y '/ ? ~  q '  ough t  t o b e 

Tabl e 4 :  Th e numbe r  o f  selecte d conditiona l  relation s b y 
contex t  an d patter n o f  dependence .  Eac h ro w represent s a 
tota l  o f  3 0 choices .  Predicte d choice s ar e bold-faced . 

Contex t 

onl y 
p/ q 

+Pal t 

+Padd 

Patter n o f 
dependenc e 

S-l-N -
S-N + 
S-l-N-l -
S-N- " 
S?N? 
S-fN -
S-N-l -
S+N-h 
S-N -
S?N? 
S+N-
S-N + 
S-I-N + 
S-N -
S?N? 

Selecte d 
'/7->9 ' 

29* * 
0 
1 
1 
5 

28 " 
4 

15* * 
1 
3 
15* * 
1 
2 
1 
2 

^q^p ' 
0 

28' * 
4 
4 
7 
0 
13* 
3 
2 
3 
2 

27* * 
12 
5 
8 

c a  te g 
'p^q ' 

1 
I 

25* * 
1 
5 
0 
2 
9 
2 
7 
1 
0 
10 
2 
1 

or y 
'p~q ' 

0 
1 
0 

23* * 
13* 
2 
11 
3 

25* * 
17* * 
12 
2 
6 

22* * 
19* * 

*:  P { X > 13,30,.25 )  <  .05 .  ** :  P{ X >  14,30,.25 )  <  .01 . 
":  on e missin g value . 
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selected .  A s Tabl e 4  C+Pali \  S - N + ' )  shows ,  1 1 peopl e 
followe d thi s prediction .  Vic e versa ,  mer e mentionin g o f 
th e additiona l  conditio n Pad d "Th e shop s ar e open "  shoul d 
not  induc e th e sam e shif t  i n responses ,  a s th e resultin g for -
mal  representatio n ' q - ^  pApa j j '  stil l  implie s ' q - > p' ,  an d 
27 participant s indee d selecte d th e latte r  category . 

I n general ,  participant s selecte d formall y appropriat e 
wording s fo r  th e basi c pattern s o f  dependence ,  an d tende d t o 
choos e th e predicte d categorie s whe n extr a condition s wer e 
introduced .  Suc h specifi c  shift s o f  preferre d verba l  expres -
sion s ca n b e see n a s anothe r  instanc e o f  th e suppressio n ef -
fect .  Th e fac t  tha t  man y participant s selecte d th e origina l 
optio n eve n whe n a  chang e i n contex t  seeme d t o necessitat e 
a shif t  suggest s tha t  som e subject s chos e t o ignor e th e addi -
tiona l  information . 

Conclusions 

The results of all three experiments back up our general ap-
proac h t o conten t  effect s tha t  distinguishe s betwee n infer -
ence s base d o n th e for m o f  premise s an d inference s base d o n 
thei r  semanti c content .  First ,  w e confirme d tha t  ou r  exper -
imenta l  scenario s wer e perceive d a s theoreticall y intended . 
Second ,  bot h type s o f  syllogis m task s (wit h an d withou t  a n 
extr a conditiona l  premise )  yielde d th e predicte d effect s o f  fa -
cilitatio n an d suppression ,  whic h show s tha t  reasonin g per -
formanc e depend s systematicall y o n th e specifi c  backgroun d 
knowledg e triggered .  Finally ,  a  thir d experimen t  demon -
strate d tha t  participant s wer e abl e t o selec t  appropriat e word -
ing s fo r  conditiona l  relation s althoug h th e syllogis m task s 
seemed t o compromis e thei r  logica l  competence . 

What  d o ou r  result s mea n fo r  th e theoretica l  debate ? Ou r 
analysi s coul d b e adapte d t o eithe r  a  menta l  model s frame -
wor k o r  a  menta l  rul e theory .  Presently ,  ou r  knowledg e repre -
sentatio n i s mor e simila r  t o th e menta l  model s poin t  o f  view , 
but  a  compute r  implementatio n use s forma l  rule s t o deriv e in -
ference s fro m thes e representation s (se e Beller ,  1997 ,  fo r  de -
tails) .  Thus ,  ou r  accoun t  canno t  resolv e th e debat e betwee n 
menta l  logi c an d menta l  model s theories ,  bu t  b y addressin g 
interpretiv e processe s tha t  ar e ubiquitou s i n huma n reasonin g 
i t  fills  a  ga p tha t  ha s bee n neglecte d b y both . 

Suppressio n effect s o f  conten t  an d contex t  ar e multi -
faceted ,  knowledge-base d phenomena .  I n orde r  t o explai n 
thei r  underlyin g mechanisms ,  syntacti c an d semanti c ac -
count s mus t  b e integrate d rathe r  tha n pitte d agains t  eac h 
other .  A  knowledge-base d approac h addresse s question s o f 
conten t  withou t  havin g t o asser t  content-specifi c  rule s o f  in -
ferenc e o r  bein g commite d exclusivel y t o on e theoretica l 
framework .  I t  add s predictiv e powe r  t o genera l  theorie s 
of  reasonin g an d help s t o clarif y th e comple x interpla y o f 
knowledge ,  reasoning ,  language ,  an d logic . 
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