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T h e S e a r c h f o r  C o u n t e r e x a m p l e s i n H u m a n R e a s o n i n g 

Hansjorg Neth (hneth@princeton.edu) 

Phil i p N .  J o h n s o n « L a i r d (phil@clarity.princeton.edu ) 

Departmen t  o f  Psychology ;  Princeto n Universit y 
Princeton ,  N J 08544 .  U S A 

A majo r  poin t  o f  contentio n abou t  huma n reasonin g i s 
whethe r  o r  no t  individual s searc h fo r  counterexample s t o 
conclusions .  Accordin g t o theorist s w h o argu e tha t  th e min d 
i s equippe d wit h taci t  rule s o f  inference ,  th e decisio n tha t  a n 
argumen t  i s invali d depend s o n a  failur e t o tin d a  derivatio n 
leadin g fro m th e premise s t o th e conclusio n (se e e.g .  Rips , 
1994) .  However ,  wit h thi s procedure ,  on e ca n neve r  b e cer -
tai n tha t  th e spac e o f  possibl e derivation s ha s bee n searche d 
exhaustively . 

Alternatively ,  reasoner s m a y bas e thei r  inference s o n men -
ta l  model s (Johnson-Lair d an d Byrne ,  1991) .  Thi s theoretica l 
accoun t  rest s o n th e semanti c principl e o f  validity :  a  conclu -
sio n i s vcdi d i f  an d onl y i f  i t  allow s fo r  n o counterexamples , 
i.e. ,  possibilitie s i n whic h th e premise s ar e tru e bu t  th e con -
clusio n i s false .  Hence ,  b y constructin g a  counterexample , 
reasoner s ar e abl e t o kno w tha t  a n inferenc e i s invalid . 

So,  h o w d o logicall y naiv e individual s establis h invalid -
ity ? Surprisingl y fo r  s o centra l  a  question ,  ther e i s a  deart h o f 
evidence .  I n th e cas e o f  syllogisms ,  Pol k an d Newel l  (1995 ) 
hav e defende d a n accoun t  i n term s o f  models ,  bu t  argue d tha t 
thei r  explanatio n o f  individua l  difference s gain s little ,  i f  any -
thing ,  b y postulatin g a  searc h fo r  counterexamples .  Buccia -
rell i  an d Johnson-Lair d (1999 )  hav e show n tha t  peopl e ar e 
abl e t o searc h fo r  counterexample s i f  prompte d t o d o so . 
Whethe r  individual s spontaneousl y engag e i n thi s searc h i s 
stil l  unknown . 

An experiment on reasoning 
w i t h n o n - s t a n d a r d quantifier s 

To search for a search for counterexamples, we carried out an 
experimen t  i n whic h th e participant s ha d t o evaluat e eigh t  in -
ference s base d o n non-standar d quantifiers .  Quit e c o m m o n 
i n everyda y life ,  suc h inference s cal l  fo r  a  higher-orde r  pred -
icat e calculus ,  whic h i s incomplete .  Eac h proble m ha d one , 
two ,  o r  thre e premises ,  eac h base d o n th e quantifie r  "mor e 
tha n half ,  an d a  putativ e conclusio n base d o n "a t  leas t  one " 
or  "mor e tha n half ,  e.g. : 

Mor e tha n hal f  o f  th e visitor s spea k English . 
Mor e tha n hal f  o f  th e visitor s spea k French . 
Mor e tha n hal f  o f  th e visitor s spea k German . 
Therefore ,  a t  leas t  on e visito r  i s  trilingual . 

Becaus e ou r  mai n interes t  wa s th e searc h fo r  counterexam -
ples ,  fiv e o f  th e eigh t  inference s wer e invalid .  2 0 Princeto n 
undergraduate s wer e instructe d t o thin k alou d a s the y tack -
le d th e inference s i n a  rando m order .  Eac h proble m wa s pre -
sente d o n a  separat e shee t  o f  pape r  o n whic h th e participant s 
wer e encourage d t o writ e o r  dra w whateve r  woul d hel p them . 
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Figur e 1 :  A  visua l  counterexampl e i n whic h eac h x  represent s a n 
individual ,  mor e tha n hal f  o f  the m hav e feature s E ,  F ,  an d G ,  bu t  i t 
i s  fals e tha t  a t  leas t  on e x  ha s al l  thre e features . 

Overall,  participants responded correctly in 72% of all trials. 
The two-premis e problem s wer e easies t  ( 9 5 % correct) ,  th e 
one-premis e problem s wer e intermediat e i n difficult y  (73%) , 
and th e thre e premis e problem s wer e hardes t  ( 4 8 % ) ,  an d thi s 
tren d wa s reliabl e (Kendall' s  W=.56 ,  p<.OI) . 

A strikin g phenomeno n wa s th e participants '  spontaneou s 
use o f  a  variet y o f  strategies .  I n 8 0 % o f  al l  trials ,  the y con -
structe d a  singl e specifi c  instanc e o f  th e premises .  Typically , 
th e participant s constructe d a  diagra m i n whic h the y trie d t o 
minimiz e th e overla p betwee n th e give n sets .  Indeed ,  ever y 
singl e participan t  cam e u p wit h a t  leas t  on e counterexampl e 
(se e Figur e 1) .  Th e participant s evaluate d inference s a s in -
vali d o n 6 9 trial s an d wer e correc t  o n 6 2 o f  them .  The y pro -
duce d a  counterexampl e ( 5 8 % o f  thes e trials) ,  claime d tha t 
a counterexampl e wa s possibl e ( 1 0 % ) ,  o r  use d som e metho d 
tha t  th e protocol s di d no t  revea l  (32%) .  Likewise ,  the y fre -
quentl y use d a n unsuccessfu l  searc h fo r  counterexample s a s 
a basi s fo r  concludin g tha t  a n inferenc e wa s valid .  Wher e th e 
protocol s reveale d th e natur e o f  th e participants '  strategies , 
the y relie d o n counterexample s mor e ofte n tha n no t  ( 6 0 % o f 
al l  trials ,  Wilcoxo n test ,  A'=13 ,  T+=83.5 ,  p<.003) . 

We stil l  k n o w ver y littl e abou t  wha t  govern s th e selec -
tio n o f  strategies .  I n general ,  on e domai n o f  reasonin g m a y 
elici t  a  searc h fo r  counterexample s mor e readil y tha n an -
other .  Also ,  th e evaluatio n o f  a  give n conclusio n m a y b e 
mor e likel y t o trigge r  a  searc h tha n th e formulatio n o f  one' s 
o wn conclusions .  Ou r  stud y ha s shown ,  however ,  tha t  log -
icall y naiv e individual s d o spontaneousl y searc h fo r  coun -
terexample s fo r  a t  leas t  on e sor t  o f  deduction . 
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