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Abstrac t 

Thinking is governed by abstract schemas. Verbal 
protocol s illustrat e spontaneou s use ,  b y logicall y 
unsophisticate d subjects ,  o f  th e schem a know n a s modu s 
tollens .  Th e tollen s inferenc e schem a appeare d embedde d 
withi n tw o reasonin g strategies ,  th e classica l  reducti o a d 
absurdu m an d reasonin g b y elimination .  Th e psychologica l 
realit y o f  modu s tollen s i s  implicitl y  assume d b y man y 
theorie s i n cognitiv e scienc e an d th e hypothesi s tha t  i t  i s a 
basi c componen t  o f  huma n cognitio n canno t  b e dismissed . 

The Modu s Tollen s Schem a 

To explain the cohesion and organization of human 
cognition ,  thinker s i n wha t  w e migh t  cal l  th e structuralis t 
traditio n (Plato ,  Kant ,  Wertheimer ,  Piaget )  hav e claime d tha t 
reasonin g doe s no t  merel y travers e th e networ k o f  element s 
i n memory ,  guide d b y nothin g mor e tha n th e relativ e 
su-ength s o f  associations ,  bu t  applie s cognitiv e structure s 
tha t  impos e a  for m o n th e process .  Recen t  author s hav e 
calle d suc h structure s thought-form s (Keegan ,  1989) , 
epistemi c form s (Collin s &  Ferguson ,  1993) ,  abstrac t  rule s 
(Smith ,  Langsto n &  Nisbett ,  1992) ,  an d abstrac t  schema s 
(Ohisson ,  1993) ;  w e prefe r  th e latte r  term . 

Abstrac t  cognitiv e structure s com e i n m a n y varietie s 
(Collin s &  Ferguson ,  1993 :  Ohisson ,  1993) .  A n argumen t 
schema i s a  standar d wa y o f  justifyin g a  conclusion .  Th e 
entitie s relate d b y argumen t  schema s ar e belief s 
(propositions) .  Th e structur e o f  argumen t  schema s i s 
provide d b y logica l  an d semanti c relations ,  e .  g. ,  coherence , 
conjunction ,  disjunction ,  equivalence ,  implicatio n an d 
negation . 

The recen t  Zeitgeis t  i n psycholog y ha s favore d th e 
hypothese s tha t  peopl e reaso n wit h non-propositiona l 
representation s (Johnson-Laird ,  1993 )  o r  throug h analogie s 
wit h specifi c  case s (Holyoa k &  Thagard ,  1994) .  However , 
th e debat e continues ,  becaus e carefu l  scrutin y o f  th e 
empiricia l  evidenc e support s th e psychologica l  realit y o f  a t 
leas t  som e argumen t  schema s (Rips ,  1994 ;  Falmagne ,  1990 ; 
Smith ,  Langsto n &  Nisbett ,  1992) . 

I n thi s pape r  w e argu e fo r  th e realit y an d centralit y o f  th e 
schema know n i n logi c a s m o d u s tollens .  A  tollen s 
argumen t  ha s th e for m if P implie s Q ,  an d Q  i s false ,  the n P 
must  b e false .  Althoug h no t  intende d a s suc h b y logicians , 
we us e modu s tollen s a s a  condense d descriptio n o f  a 

cognitiv e process .  I n th e schemati c w e us e t o exhibi t 
arguments ,  modu s tollen s appear s a s follows : 

I. Pis the case. 
2.  I t  follow s (throug h som e chai n o f  inferences )  tha t  Q  i s 

th e case . 
3.  Bu t  Q  i s know n t o b e false . 
4.  S o P  cannot ,  i n fact ,  b e th e case . 

The three key features of a tollens inference are (a) a 
cognitiv e proces s tha t  develop s th e implication s o f  a  curren t 
belie f  (lin e 2) ,  (b )  th e establishmen t  o f  a  cognitiv e conflic t 
(lin e 3) ,  an d (c )  th e propagatio n o f  negatio n bac k t o th e 
initia l  belie f  (lin e 4) ,  whic h i s the n rejecte d (o r  revised) . 

Casua l  observation s ar e consisten t  with  th e hypothesi s 
tha t  modu s tollen s inference s ar e c o m m o n i n huma n 
reasoning .  A  standar d gambi t  i n everda y argument s i s t o 
sho w tha t  a n opponent' s clai m ha s absur d o r  disastrou s 
consequences .  Peopl e tak e fo r  grante d tha t  i f  th e m o v e 
succeeds ,  th e targete d clai m ha s indee d bee n disqualified .  Th e 
typica l  defenc e i s t o tr y t o bloc k o r  invalidat e th e inferenc e 
from  th e belief/ '  t o th e purporte d an d damagin g consequenc e 
Q.  Neve r  hav e w e me t  anyon e w h o defend s himsel f  o r 
hersel f  agains t  a  tollen s argumen t  b y sayin g "s o m y vie w 
has absur d o r  fals e consquences ;  s o what?" .  Th e validit y o f 
th e tollen s schem a i s intuitivel y obvious . 

However ,  casua l  observation s ar e suggestiv e a t  bes t  an d 
systemati c studie s hav e s o fa r  faile d t o suppor t  th e 
psychologica l  realit y o f  modu s tollens .  O n e stud y matche d 
th e empirica l  evidenc e regardin g a  variet y o f  abstrac t  rule s 
agains t  a  se t  o f  eigh t  criteri a an d conclude d tha t  "th e 
consensu s amon g student s o f  th e proble m tha t  mos t  peopl e 
do no t  us e modu s tollen s i s justifie d i n term s o f  th e criteri a 
studie d t o date "  (Smith ,  Langsto n &  Nisbeu ,  1992 ,  p .  31) . 

Our  cas e fo r  modu s tollen s ha s tw o parts .  First ,  w e 
provid e empirica l  evidenc e fo r  tollen s inference s i n naiv e 
reasoning .  I n tw o studies ,  modu s tollen s appeare d embedde d 
i n mor e comple x reasonin g strategies .  Second ,  w e analyz e 
th e literatur e t o sho w tha t  th e tollen s schem a i s a  (typicall y 
unacknowledged )  keyston e i n severa l  theorie s propose d i n 
such  divers e branche s o f  cognitiv e scienc e a s philosophy , 
psycholog y an d artificia l  intelligence .  Bot h th e empirica l 
evidenc e an d th e analysi s o f  th e literatur e sugges t  tha t  w e 
canno t  dismis s th e possibilit y  tha t  modu s tollen s i s a  basi c 
componen t  o f  th e huma n cognitiv e architecture . 
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E v i d e n c e fo r  M o d u s To l l en s In fe rence s 

In two separate studies we identified two reasoning strategies 
tha t  includ e a  tollen s inferenc e a s a  ke y step .  On e i s th e 
classica l  reducti o a d absurdu m an d th e othe r  w e cal l 
reasonin g b y elimination .  I n contras t  t o mos t  psychologica l 
studie s o f  reasoning ,  w e di d no t  as k subject s l o complet e o r 
evaluat e pre-foimulate d argument s o r  proof s bu t  engage d 
the m i n task s tha t  seemingl y ha d nothin g t o d o wit h logic . 
Als o unlik e man y othe r  studie s o f  reasoning ,  w e recorde d 
verba l  protocol s rathe r  tha n proportio n correc t  answer s o r 
solutio n times . 

Reductio ad Absurdum 

To reaso n wit h th e reductio  a d absurdu m schema ,  on e decide s 
whic h conclusio n C  on e want s t o prov e an d assume s it s 
negatio n notC .  Th e argumen t  proceed s b y derivin g a 
conclusio n Q  tha t  i s k n o w n t o b e false .  Fro m th e 
contradictio n Q  &  not Q on e the n infer s tha t  not C mus t  b e 
false .  Bu t  i f  not C i s false ,  the n C  i s true .  Schematically : 

1. C must be the case. 
2.  Fo r  suppos e tha t  not C wer e th e case . 
3.  The n i t  follow s (throug h som e chai n o f  inferences )  tha t  Q 

i s th e case . 
4.  Bu t  Q  i s know n t o b e fals e (s o w e hav e th e contradictio n 

Q &  notQ) . 
5.  Hence ,  not C canno t  b e th e case . 
6.  Therefore ,  C  i s th e case . 

Line 2 sets the stage for the reductio by introducing the 
assumptio n noiC .  Line s 3- 5 specif y a  tollen s inference ,  wit h 
n o t C playin g th e rol e o f  P .  Lin e 3  spell s ou t  th e 
implication s o f  th e assumption .  Becaus e th e conclusio n Q  i s 
fals e (lin e 4) ,  th e assumptio n not C canno t  b e tru e (lin e 5) . 
Th e reducti o i s complete d b y assertin g tha t  th e negatio n o f 
th e initia l  assumption ,  i .  e. ,  th e desire d conclusio n C ,  i s 
tru e (lin e 6) .  Th e tollen s inferenc e i s embedde d withi n th e 
reductio :  I t  i s preceede d b y th e ac t  o f  assumin g th e opposit e 
of  wha t  on e want s t o conclud e an d succeede d b y th e ac t  o f 
concludin g tha t  becaus e th e assumptio n turne d ou t  false ,  th e 
desire d conclusio n i s true . 

Historical instances. One of the flrst recorded uses of 
th e reducti o strateg y i s Euclid' s proo f  tha t  ther e i s n o larges t 

prim e numbe r  1 ; 

1. There is no largest prime. 
2.  Fo r  suppos e som e numbe r  M wa s th e larges t  prime . 
3.  The n w e coul d for m th e successo r  t o th e produc t  o f  al l 

primes ,  N  =  (3*5 *  .. .  * M )  +1 .  B y construction ,  N  i s 
large r  tha n M an d i t  i s  no t  divisibl e b y an y o f  th e prim e 
number s u p t o an d includin g M ,  alway s leavin g th e 
remainde r  1 .  Hence ,  N  i s eithe r  itsel f  prim e o r  els e i t 

must  b e divisibl e b y som e othe r  prim e no t  include d i n 
th e sequenc e 3 ,  5  M . 

4.  S o eithe r  N  itsel f  o r  it s  diviso r  i s a  prim e numbe r  large r 
tha n M . 

5.  Hence ,  i t  i s no t  th e cas e tha t  M i s th e larges t  prime . 
6.  Tha t  is ,  ther e i s n o larges t  prime . 

Another fameous reductio argument was put forward by 
Galile o Galile i  t o disprov e th e Aristotelia n principl e tha t 
heavie r  object s fal l  faste r  tha n lighte r  objects : 

"If then we take two bodies whose natural speeds are 
different ,  i t  i s clea r  tha t  o n unitin g th e two ,  th e mor e rapi d 
one wil l  b e partl y retarde d b y th e slower ,  an d th e slowe r 
wil l  b e somewha t  hastene d b y th e swifter... .  Bu t  i f  thi s i s 
true ,  an d i f  a  larg e ston e move s wit h a  spee d of ,  say ,  eigh t 
whil e a  smalle r  move s wit h a  spee d o f  four ,  the n whe n 
the y ar e united ,  th e syste m wil l  mov e wit h a  spee d les s 
tha n eight ;  bu t  th e tw o stone s whe n tie d togethe r  mak e a 
ston e large r  tha n tha t  whic h befor e move d wit h a  spee d o f 
eight .  Henc e th e heavie r  bod y move s wit h les s spee d tha n 
th e lighter ;  a n effec t  whic h i s contrar y t o [th e initial ] 
suppositio n .. .  . "  (Galilei ,  1954/1638 ,  p .  63 ) 

The historical examples document that the reductio 
argumen t  schem a wa s no t  invente d b y logician s bu t  first 
appeare d i n th e intellectua l  practic e o f  scholars .  Also ,  bot h 
of  thes e argument s wer e highl y convincin g t o thei r  authors ' 
contemporaries .  However ,  Eucli d an d Galile i  hardl y qualif y 
as averag e thinkers ,  s o i t  coul d stil l  b e tru e tha t  "th e reducti o 
strateg y o f  assumin g th e opposit e o f  wha t  on e want s t o 
prov e i s no t  a n obviou s mov e fo r  subject s wh o haven' t  ha d 
extensiv e mathematic s training. "  (Rips ,  1994 ,  p .  157) .  W e 
nex t  presen t  evidenc e fo r  spontaneou s reducti o argument s i n 
precisel y suc h subjects . 

Contemporary instances. We interviewed ten logically 
and mathematicall y unschoole d psycholog y student s abou t 
mechanica l  motio n (Robi n &  Ohlsson ,  1989) .  Th e tap e 
recorde d interview s wer e transcribe d verbatim .  Becaus e verba l 
protocol s ar e necessaril y  incomplete ,  w e woul d no t  expec t  a 
subjec t  w h o i s thinkin g alou d t o produc e explici t 
verbalization s o f  al l  si x step s i n th e reducti o schema . 
Instead ,  w e woul d expec t  t o se e a n abreviate d discours e 
whic h emphasize s th e conclusions ,  e .  g. ,  "notC ,  therefor e 
Q;  hu t  notQ ,  s o C. "  I n th e followin g excerpts ,  "S "  mean s 
"subject "  an d "I "  mean s "interviewer" .  Th e crucia l  ste p o f 
assumin g th e opposit e o f  wha t  i s t o b e conclude d i s 
underlined : 

Case 1. Subject SI: 

I :  Doe s gravit y ac t  o n al l  object s a t  al l  times ? 
S:  Yeah ,  o r  els e i f  i t  didn't ,  you' d se e object s floatin g awa y 

or  something . 

'Boo k IX ,  Propositio n 20 .  Th e proo f  appear s o n pp .  412-41 3 
i n Volum e 3  o f  th e secon d Dove r  editio n o f  Euclid' s Element s 
(Heath ,  1956) .  Th e streamline d versio n presente d her e i s du e t o 
Hard y (1967/1940 .  pp .  92-93) . 
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Reconstruction : 
1.  I t  mus t  b e th e cas e tha t  gravit y act s o n al l  object s a t  al l 

times . 
2.  Fo r  suppos e tha t  gravit y di d no t  ac t  o n al l  object s a t  al l 

times . 
3.  The n object s woul d float  away . 
4.  But ,  i n fact ,  object s don' t  float  away . 
5.  Hence ,  i t  i s  no t  th e cas e tha t  gravit y doe s no t  ac t  o n al l 

object s al l  times . 
6.  Therefore ,  gravit y doe s ac t  o n al l  object s a t  al l  times . 

Case 2. Subject S3: 

S:.. .  i n spac e ther e ar e n o forces... . 
I :  Bu t  ho w d o yo u kno w that ? 
S:  Jus t  becaus e that's ,  they'v e sen t  peopl e ou t  int o space... . 

You don' t  pu t  a  m a n o n th e m o o n withou t  realizin g 
there' s n o gravit y i n space .  U m ,  i f  ther e wa s gravity ,  i f 
th e earth' s gravit y extende d al l  th e wa v t o th e moon ,  the n 

i t  woul d b e almos t  impossibl e t o ge t  t o th e moon . 

Reconstruction: 
1.  I t  mus t  b e th e cas e tha t  ther e i s n o gravit y i n space . 
2.  Fo r  suppos e gravit y extende d al l  th e wa y t o th e moon . 
3.  The n i t  woul d b e impossibl e t o ge t  t o th e moon . 
4.  Bu t  peopl e have ,  i n fact ,  travelle d t o th e moon . 
5.  Hence ,  gravit y doe s no t  exten d al l  th e wa y t o th e moon . 
6.  Therefore ,  ther e i s n o gravit y i n space . 

Case 3. Subject S4: 

I :  Doe s gravit y ac t  o n al l  object s a t  al l  times ? 
S:  H m m,  well ,  I  gues s i t  doe s becaus e although ,  fo r 

example ,  birds ,  althoug h the y can ,  yo u know ,  lif t  of f  th e 
groun d an d fly,  i f  there ,  i f  i t  wasn' t  actin g o n them ,  onc e 
the y lifte d of f  th e groun d an d [fly] ,  the y woul d jus t 
disappea r  int o space ,  an d the y don't . 

Reconstruction: 
1.  I t  mus t  b e th e cas e tha t  gravit y act s o n birds . 
2.  Fo r  suppos e gravit y wa s no t  actin g o n birds . 
3.  The n bird s woul d (hsappea r  int o space . 
4.  Bu t  bird s d o not ,  i n fact ,  disappea r  int o space . 
5.  Hence ,  i t  i s  no t  th e cas e tha t  gravit y i s no t  actin g o n 

birds . 
6.  Therefore ,  gravit y doe s ac t  o n birds . 

Casg4, SubjggtSS: 
1:  An d i s gravit y actin g o n [ a projectile ]  a s i t  moves ,  up , 

down,  an d a t  th e top ? 
S:  Yeah ,  i t  ha s t o ac t  o n i t  a s i t  move s u p becaus e i f  it' s 

not ,  the n h o w wil l  anythin g slo w down .  That' s wha t 

cause s i t  t o slo w down . 

Reconstruction: 
1.  I t  mus t  b e th e cas e tha t  gravit y act s o n projectile s 

travellin g upwards . 
2.  Fo r  suppos e gravit y wa s no t  actin g o n a  projectil e 

travellin g upwards . 
3.  The n a  projectil e travellin g upward s woul d no t  slo w 

down. 

4.  Bu t  projectile s travellin g upward s do ,  i n fact ,  slo w down . 
5.  Hence ,  gravit y canno t  no t  b e actin g o n projectile s 

U'avellin g upwards . 
6.  Therefore ,  gravit y i s actin g o n projectile s travellin g 

upwards . 

In each excerpt, the subject begins by indicating his/her 
belie f  ("yeah" ,  "ther e ar e n o forces" ,  " I  gues s i t  does" ,  "i t  ha s 
t o act" )  an d continue s b y negatin g i t  ("i f  i t  didn't" ,  "i f  ther e 
was gravity","i f  i t  wasn' t  acting" ,  "i f  it' s  not") .  H e o r  sh e 
the n carrie s ou t  a  modu s tollen s argumen t  b y derivin g a 
conclusio n tha t  h e o r  sh e know s i s wron g (tha t  object s float 
away ,  tha t  i t  i s  impossibl e t o ge t  t o th e m o o n ,  tha t  bird s 
disappea r  int o space ,  tha t  projectile s travellin g upward s d o 
not  slo w down) .  Th e reducti o i s the n complete d b y inferrin g 
th e opposit e o f  th e initia l  assumption ,  i .  e. ,  b y affirmin g 
th e subject' s o w n belief .  I n short ,  thes e fou r  spontaneou s 
argument s instantiat e th e reducti o schema ,  wit h it s  embedde d 
tollen s inference ,  quit e closely . 

Reasoning by Elimination 

Conside r  th e followin g verba l  reasonin g puzzle ,  whic h w e 
wil l  refe r  t o a s th e Benc h Problem : 

Some boys are sitting on a bench. Jonas is further right 
tha n Ingvar .  Ola f  i s  furthe r  lef t  tha n Ingvar .  Davi d i s 
immediatel y t o th e lef t  o f  Jonas .  W h o i s immediatel y t o 
th e righ t  o f  Ingvar ? 

People often solve such spatial arrangement problems by 
constructin g a  menta l  mode l  o f  th e arrangemen t  an d readin g 
of f  th e desire d answe r  b y inspectin g th e mode l  (Man i  & 
Johnson-Laird ,  1982 ;  Ohlsson ,  1980 ,  1984 .  1990) . 
However ,  som e subject s solv e thi s typ e o f  proble m b y 
successivel y eliminatin g thos e object s tha t  canno t  b e th e 
answe r  unti l  onl y a  singl e objec t  remains ;  tha t  objec t  i s the n 
inferre d t o b e th e answe r  t o th e problem .  Fo r  example ,  th e 
followin g i s th e complet e thin k alou d protoco l  o f  on e 
subjec t  calle d SII 8 (Ohlsson ,  1980 )  o n th e Benc h Proble m 
(th e eliminatio n inference s ar e underline d an d informatio n 
rea d from  th e proble m statemen t  appear s i n quotes) : 

1. "Who is sitting immediately to the right of Ingvar?" 
2.  "Olo f  i s sittin g furthe r  lef t  tha n Ingvar. " 
3.  Therefor e no t  Olof . 
4.  "Jona s i s sittin g furthe r  righ t  tha n Ingvar. " 
5.  Therefor e i t  coul d b e Jonas . 
6.  "Davi d i s sittin g t o th e lef t  o f  Jonas. " 
7.  Therefor e i t  canno t  b e David . 

8.  Therefor e i t  mus t  b e .. . 
9.  Jona s i s th e correc t  answer . 

This subject was quite consistent in using the elimination 
method ,  a s ca n b e see n i n th e initia l  segmen t  o f  hi s protoco l 
on a  mor e complicate d spatia l  arrangmen t  proble m (th e 
eliminatio n step s ar e underline d an d informatio n rea d fro m 
th e proble m statemen t  appear s i n quotes) : 

1. "Some boys are standing in line at an ice-cream stand." 
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2.  "Wh o wa s immediatel y behin d Erik? " 
3.  W e tak e th e sam e metho d again . 
4.  Lookin g a t  whic h line s Eri k occur s in . 
5.  "Rol f  i s  furthe r  toward s th e fron t  tha n Erik. " 
6.  Therefor e w e eliminat e Rolf . 

7.  Wher e d o w e hav e Eri k o n othe r  lines ? 
8.  "Eri k i s  immediatel y behin d Hans. " 
9.  Therefor e Han s i s immediatel y i n fron t  o f  Eri k 
10.  an d conseauenU v no t  immediatel y behin d Erik . 

11.  Therefor e w e eliminat e Rol f  an d Hans . 

20. And "Erik is immediately behind Hans." 
21.  Therefor e everybod y wh o i s i n fron t  o f  Han s i s 

eliminate d 

How should the method of elimination be described and 
what  i s  th e relatio n betwee n thi s metho d an d modu s tollens ? 
Let  P  b e th e goa l  predicat e (e .  g. ,  "immediatel y behin d 
Erik") ,  an d le t  jc/ ,  x 2 X n stan d fo r  th e object s mentione d 

i n th e premises .  Th e structur e o f  th e eliminatio n strateg y 
can the n b e describe d a s follows : 

1. P(xi) ... Pixi-ih P(xi) . P(xui) ... V P(xn) are the 
possibl e hypotheses . 

2.P(xi )  implie s g . 

3.  Bu t  th e premise s clai m o r  impl y notQ . 
4.  Hence ,  P(xi )  i s  no t  th e case . 
5.  S o P(xj) .  .. .  P(xi.j) ,  P(x i  +  i )  .. .  P(xn )  ar e no w th e 

possibl e hypotheses . 
6.  I f  n  =  1 ,  the n conclud e tha t  th e onl y remainin g 

hypothesi s i s th e answer ;  otherwise ,  g o t o ste p 1 . 

Lines 2-4 correspond to the tollens schema: The hypothesis 
tha t  th e objec t  x /  i s  th e answe r  implie s som e conclusio n 

whic h i n tur n contradict s on e o f  th e given s o f  th e problem ; 
hence ,  x /  i s no t  th e answer .  Th e metho d o f  eliminatio n ca n 
be conceptualize d a s a n iterativ e applicatio n o f  modu s 
toUen s t o eac h candidat e i n tur n i n a  situatio n wher e ther e i s 
a smal l  an d wel l  specifie d se t  o f  candidates .  Th e iteration s 
continu e unti l  onl y a  singl e hypothesi s i s left ;  tha t 
hypothesi s i s the n asserted . 

Althoug h w e onl y sho w dat a fro m thi s on e subjec t  here , 
we hav e observe d spontaneou s us e o f  thi s reasonin g metho d 
i n severa l  subject s (Ohlsson ,  1980) .  W e hav e als o show n 
tha t  peopl e wh o d o no t  spontaneousl y reaso n b y eliminatio n 
on spatia l  arrangemen t  problem s ca n b e induce d t o d o s o b y 
givin g the m problem s whic h ar e no t  solvabl e b y othe r 
method s (Ohlsson ,  1984) . 

Summary 

We observed logically unschooled subjects spontaneously 
emplo y tw o reasonin g strategies ,  th e classica l  reducti o a d 
absurdu m an d reasonin g b y elimination .  Bot h method s 
contai n modu s tollen s a s a n essentia l  component .  I n th e 
reductio ,  th e tollen s inferenc e i s flanke d b y th e act s o f 
deliberatel y assumin g th e opposit e o f  wha t  on e want s t o 
conclud e an d o f  affirmin g th e negatio n o f  tha t  assumption . 
I n th e metho d o f  elimination ,  th e tollen s ste p i s th e 'inne r 

loop '  i n a n iterativ e procedure .  Neithe r  strateg y ca n wor k 
withou t  th e tollen s inference .  Becaus e subject s 
spontaneousl y us e bot h strategies ,  the y mus t  b e capabl e o f 
carryin g ou t  modu s tollens .  O f  course ,  thes e dat a constitut e 
an existenc e proo f  only ;  the y d o no t  sa y anythin g abou t  th e 
frequenc y o r  prevalenc e o f  tollen s inference s i n everyda y 
reasoning . 

The Ubiquitous Modus Tollens 

The idea that people revise or reject their knowledge 
structure s whe n thos e structure s ar e reveale d t o hav e negativ e 
consequence s ha s bee n propose d agai n an d agai n i n variou s 
branche s o f  th e cognitiv e sciences .  Th e purpos e o f  thi s 
sectio n i s t o poin t  ou t  similaritie s betwee n severa l 
seemingl y unrelate d theories . 

Philosopy 

I n Th e Logi c o f  Scientifi c  Discover y Kar l  Poppe r  propose d 
tha t  scientist s revis e thei r  theorie s whe n the y fin d tha t 
prediction s derive d fro m thos e theorie s ar e falsifie d b y 
observations : 

"According to the view that will be put forward here, the 
metho d o f  criticall y  testin g theories.. .  alway s proceed s o n 
th e followin g lines .  .. .  Wit h th e hel p o f  othe r  statements , 
previousl y accepted ,  certai n singula r  staiements-whic h w e 
may cal l  'prcdictions'-ai e deduce d fro m th e theor y .. .  Nex t 
we see k a  decisio n a s regard s thes e (an d other )  derive d 
statement s b y comparin g the m wit h th e result s o f 
practica l  application s an d experiments .  .. .  i f  th e decisio n 
i s negative ,  o r  i n othe r  words ,  i f  th e conclusion s hav e 
been falsified ,  the n thei r  falsificatio n als o falsifie s th e 
theor y fro m whic h the y wer e logicall y deduced. " 
(Popper ,  1972/1934 ,  pp .  32-33 ;  italic s i n original ) 

As this passage shows. Popper is quite explicit about the 
thre e ke y component s o f  modu s tollens :  (a )  th e derivatio n o f 
th e consequence s o f  curren t  knowledge ,  (b )  th e establishmen t 
of  conflict ,  an d (c )  th e backwar d propagatio n o f  negatio n 
fro m th e consequence s t o th e knowledge .  Late r  development s 
have show n tha t  thes e processe s ar e mor e complicate d tha n 
Popper  depicte d them ,  bu t  nobod y ha s suggeste d tha t 
scientist s ar e unaffecte d b y conflict s betwee n thei r  theorie s 
and thei r  data . 

Reactio n t o conflic t  i s  als o take n a s fundamenta l  i n 
epistemolog y an d logic .  Th e "characteristi c occasion "  fo r 
belie f  revisio n i s  ".. .  whe n a  ne w belief ,  u p fo r  adoption , 
conflict s somewha t  wit h th e presen t  bod y o f  belief s a s a 
body .  No w whe n a  se t  o f  belief s i s inconsistent ,  a t  leas t  on e 
of  th e belief s mus t  b e rejecte d a s false... "  (Quin e &  UUian , 
1978 ,  pp .  16-17 ;  se e Harman ,  1986 ,  fo r  simila r  a  view) . 
Thi s dictu m is ,  o f  course ,  onl y tru e fo r  agent s wh o operat e 
wit h modu s tollens . 

Psychology 

Attitud e change .  I n th e perio d 194S-197 0 severa l 
theorie s propose d withi n socia l  psycholog y wer e base d o n 
th e ide a tha t  peopl e striv e toward s consistenc y amon g thei r 
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altitude s an d belief s an d tha t  belie f  revisio n operate s t o 
restor e consistenc y whe n th e latte r  i s  disturbe d b y ne w 
information .  Th e mos t  well-know n o f  thes e theorie s i s th e 
cognitiv e dissonanc e theor y formulate d b y Leo n Fcsiingc r 
and co-worker s (Festinger ,  1957) . 

"The core notion of the theory is extremely simple: 
Dissonanc e i s a  negativ e driv e stat e whic h occur s 
wheneve r  a n individua l  simultaneousl y hold s tw o 
cognition s (ideas ,  beliefs ,  opinions )  whic h ar e 
psychologicall y inconsistent .  State d differently ,  tw o 
cognition s ar e dissonan t  if ,  considerin g thes e tw o 
cognition s alone ,  th e opposit e o f  on e follow s fro m th e 
other .  Sinc e th e occurrenc e o f  dissonanc e i s presume d t o 
be unpleasant ,  individual s striv e t o reduc e i t  b y addin g 
'consonant '  cognition s o r  b y changin g on e o r  bot h 
cognition s t o mak e the m Ti t  together '  better ;  i .  e. ,  s o tha t 
the y becom e mor e consonan t  wit h eac h other. " 
(Aronson ,  1978 ,  pp .  182-183) . 

Alternative formulations of the same theme were proposed 
by Abelso n an d Rosenber g (1958) ,  Cartwrigh t  an d Harar i 
(1956 )  an d Osgoo d an d Tannenbau m (1955) .  Lon g dormant , 
th e cognitiv e consistenc y traditio n i s currentl y undergoin g a 
modest  reviva l  (see ,  e .  g. ,  Shult z &  Lepper ,  1992) . 

The languag e i n whic h cognitiv e consistenc y theorie s ar e 
formulate d i s fa r  remove d fro m th e auster e formalis m o f 
logic .  However ,  claim s t o th e effec t  tha t  'dissonance '  an d 
simila r  concept s canno t  b e reduce d t o logica l  contradictio n 
ar e unconvincing .  Kruglansk i  (1989 )  ha s recentl y argue d tha t 
ever y exampl e o f  dissonanc e discusse d i n th e cognitiv e 
consistenc y literatur e does ,  i n fact ,  reduc e t o logica l 
contradiction .  Hence ,  th e cor e cognitiv e proces s postulate d 
i n thi s traditio n i s th e proces s describe d b y modu s tollens . 

Learning, development, and education. Schank 
(1986 )  ha s propose d tha t  peopl e lear n n e w cognitiv e 
schemas b y revisin g existin g schema s tha t  d o no t  quit e fi t 
observe d events .  Th e curren t  stoc k o f  explanatio n pattern s 
generate s expectation s abou t  events .  W h e n thos e 
expectation s ar e violated ,  learnin g occurs .  Th e explanatio n 
patter n tha t  gav e rise  t o th e violate d expectatio n i s 'tweaked ' 
(i .  e. ,  revised )  i n suc h a  w a y a s t o fi t  th e observe d even t 
better ;  th e resul t  i s a  ne w explanatio n pattern . 

The languag e o f  Schank' s theor y differ s fro m th e languag e 
of  classica l  logic :  Knowledg e structure s ar e calle d 
explanatio n pattern s instea d o f  beliefs ,  propositions ,  o r 
theories ;  derive d consequence s ar e calle d expectation s rathe r 
tha n implication s o r  predictions ;  cognitiv e conflict s ar e 
calle d expectatio n violation s instea d o f  contradictions ;  an d s o 
on,  A s wit h th e cas e o f  th e cognitiv e dissonanc e theory , 
clos e scrutin y show s tha t  thes e difference s ar e 
terminological .  Schank' s explanatio n pattern s ar e i n fac t 
(complex )  propositions ,  th e proces s o f  derivin g a n 
expectatio n i s deductive ,  an d expectatio n violation s consis t 
of  on e o r  mor e logica l  contradictions .  Th e centra l 
assumptio n tha t  underlie s th e computationa l  machiner y 
Schan k describe s i s th e on e capture d i n modu s tollens . 

The centra l  rol e o f  cognitiv e conflic t  i n learnin g an d 
developmen t  ha s als o bee n emphasize d i n th e Piagetia n 

traditio n (Piaget ,  1985 ;  Z i m m e r m a n &  B lom ,  1983) . 
Similarly ,  scienc e educator s hav e propose d tha t  cognitiv e 
conflic t  i s  require d fo r  student s t o overcom e thei r 
misconception s abou t  scienc e topic s (e .  g. ,  Posne r  e t  al. , 
1982) .  Finally ,  Berkso n an d Wetterste n (1984 )  hav e 
reformulate d Popper' s philosoph y o f  scienc e a s a  theor y o f 
learnin g fro m error .  I n eac h case ,  i t  i s take n a s give n tha t  th e 
negatio n o f  th e consequence s o f  curren t  knowledg e structure s 
cause s alteration s i n thos e structures . 

Artificial Intelligence 

Th e proces s o f  reasonin g fro m falsifie d consequence s i s 
studie d i n man y area s o f  Artificia l  Intelligence .  Fo r  example , 
non-monotoni c logi c (Gardenfors ,  1988 )  focuse s o n th e 
proble m o f  consistenc y i n larg e knowledg e bases .  Give n th e 
falsificatio n o f  on e o f  it s  consequences ,  wha t  ar e al l  th e 
rationa l  revision s o f  a  knowledg e base ? Thi s proble m wa s 
not  addresse d i n classica l  logic ,  a t  leas t  partl y becaus e 
logician s wer e no t  face d wit h larg e knowledg e base s befor e 
th e adven t  o f  th e computer .  F ro m ou r  poin t  o f  view ,  non -
monotoni c logi c ask s h o w fa r  bac k t o propagat e th e 
negatio n i n th e modu s tollen s inferenc e whe n P  i s no t  a n 
isolate d propositio n bu t  a  componen t  o f  a  belie f  system . 
Obviously ,  thi s proble m doe s no t  aris e unles s modu s tollen s 
i s adopte d i n th e firs t  place . 

Researc h i n machin e learnin g ha s produce d a  numbe r  o f 
system s tha t  operat e wit h m o d u s tollen s a s thei r  centra l 
process .  Fo r  example .  Ros e an d Langle y (1986 )  describ e a 
syste m tha t  use s reducti o a d absurdu m t o deduc e th e 
chemica l  compositio n o f  substances ,  give n initia l 
hypothese s abou t  th e compositio n o f  som e othe r  substance s 
plu s knowledg e o f  chemica l  reaction s suc h a s reduction . 
W h en a  derivatio n produce s a  so-calle d unbalance d nul l 
reaction ,  i .  e. ,  th e absur d conclusio n tha t  a  particula r 
substanc e ha s n o components ,  th e syste m revise s it s initia l 
hypotheses .  Thi s an d man y othe r  machin e learnin g system s 
ar e computationa l  implementation s o f  m o d u s tollen s i n 
special-purpos e knowledg e representations . 

Summary 

Cognitive theories that emphasize the propagation of 
negatio n fro m falsifie d conclusion s bac k t o th e knowledg e 
structure s fro m whic h thos e conclusion s wer e derive d ar e 
remarkabl y divers e an d rang e acros s cognitiv e system s 
(scientifi c  communities ,  individua l  minds ,  computers )  an d 
tas k domains .  T h e differen t  theorie s us e differen t 
terminologie s t o refe r  t o knowledg e structures ,  derivatio n 
processes ,  cognitiv e conflicts ,  an d knowledg e revisions ,  bu t 
th e cognitiv e mechan ism s describe d wit h thos e 
terminologie s ar e structurall y isomorpi c t o eac h other ; 
modus tollen s epitomize s th e share d structure .  Multipl e 
appearance s o f  th e sam e ide a i n th e mind s o f  a  larg e numbe r 
of  insightfu l  scholar s d o no t  prov e tha t  idea ,  bu t  neithe r  d o 
the y encourag e it s dismissal .  I n addition ,  th e empirica l 
suppor t  fo r  th e variou s theories-whic h i n som e case s i s 
quit e extensive-als o indirectl y support s th e centra l  processe s 
tha t  thes e theorie s share :  Derivin g consequences , 
establishin g cognitiv e conflicts ,  an d revisin g th e relevan t 
knowledg e structures . 
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Fina l  W o r d s 

Two arguments for the psychological reality and importance 
of  th e modu s toilen s argumen t  schem a ar e advance d i n thi s 
paper .  First ,  scholar s wh o live d befor e th e formalizatio n o f 
logi c an d contemporar y student s wh o hav e n o logi c trainin g 
spontaneousl y us e reducii o a d absurdu m an d reasonin g b y 
elimination ,  tw o reasonin g strategie s whic h includ e a  toUen s 
inference .  Second ,  i f  w e loo k pas t  th e difference s i n 
terminology ,  w e se e tha t  man y theorie s propose d i n suc h 
divers e discipline s a s philosophy ,  psycholog y an d artificia l 
intelligenc e (implicitly )  postulat e th e modu s toilen s schem a 
as a  basi c componen t  o f  intelligence .  Thes e argument s ar e 
not  conclusive ,  bu t  the y shoul d mak e u s paus e befor e w e 
conclud e tha t  modu s toilen s i s no t  a  basi c componen t  o f  th e 
human cognitiv e architecture . 
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