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Abstrac t 

The psychological validity of inheritance reasoners is clarified. 
Eli o an d Pelletie r  (1993 )  presente d th e first  pilo t  experimen t 
explorin g som e o f  thes e issues .  W e investigat e othe r  foun -
dationa l  assumption s o f  inheritanc e reasonin g wit h defaults : 
transitivity ,  blockin g o f  transitivit y b y negativ e defaults ,  pre -
emptio n i n term s o f  strucUirall y  define d specificit y an d struc -
turall y define d redundanc y o f  information .  Response s wer e 
i n accor d wit h th e assumptio n o f  a t  leas t  limite d transitivity , 
however ,  reasonin g wit h negativ e informatio n an d structurall y 
define d specificit y condition s di d no t  suppor t  th e prediction s 
of  th e literature .  'Preemptive '  link s wer e foun d t o provid e 
additiona l  informatio n leadin g t o indeterminacy ,  rathe r  tha n 
providin g completel y overridin g informatio n a s th e literatur e 
predicts .  O n th e othe r  hand ,  result s suppor t  th e structura l  iden -
tificatio n o f  certai n link s a s redundant .  Othe r  findings  sugges t 
tha t  inheritanc e proof-theor y migh t  b e excessivel y guide d b y 
it s syntax . 

Introduction 

Inheritanc e reasonin g i s a  variet y o f  prepositiona l  defaul t  lo -
gi c wit h graphica l  syntax .  Inheritanc e reasoner s purpor t  t o 
provid e a  psychologicall y plausibl e mode l  o f  reasonin g wit h 
defaults *  an d hav e bee n invoke d i n th e semanti c analysi s o f 
natura l  languag e generics .  However ,  ther e i s considerabl e 
debat e i n th e A I  literatur e abou t  th e "correct "  definitio n o f  in -
heritanc e reasonin g (Touretzky ,  Horty ,  &  Thomason ,  1987) . 
Most  o f  thi s discussio n i s base d o n logicians '  introspectiv e 
analyse s o f  wha t  conclusion s ca n b e draw n fro m an y particu -
la r  networ k o f  prepositiona l  defaul t  statements .  Conflictin g 
intuitions ,  perhap s prejudice d b y interes t  i n proof-theoreti c 
feature s lik e computationa l  complexit y  (cf .  Selma n &  Leves -
que ,  1989 ;  Horty ,  Thomason ,  &  Touretzky ,  1990) ,  ar e i n par t 
responsibl e fo r  th e lac k o f  a n accepte d unifyin g semantic s fo r 
inheritanc e reasonin g (cf .  Boutilier ,  1989) .  Give n th e absenc e 
of  a  parameterize d mode l  theory ,  i t  i s  surprisin g tha t  unti l  ver y 
recentl y ther e hav e bee n n o psychologica l  investigation s desi -
gne d t o elucidat e th e semantic s o f  generic s wit h respec t  t o th e 
idealization s o f  inheritanc e theory .  Eli o an d Pelletie r  (1993 ) 
presen t  result s abou t  th e wa y peopl e classif y exceptiona l  ob -
ject s i n ligh t  o f  defaul t  theorie s i n relatio n t o th e w a y genera l 
defaul t  logic s (alternativ e nonmonotoni c systems )  classif y th e 
same exceptiona l  objects .  The y als o presen t  th e first  pilo t 
stud y applyin g simila r  scrutin y t o inheritanc e reasoners ,  bu t 
the y d o no t  conside r  othe r  foundationa l  claim s o f  inheritanc e 

reasoning .  Thi s pape r  present s a n experimen t  designe d t o 
ascertai n whethe r  assumption s o f  inheritanc e reasonin g ab -
out  transitivity ,  negativ e reasoning ,  structura l  preemptio n an d 
structura l  redundanc y ar e predictiv e o f  h u m a n reasonin g wit h 
generics .  Thi s sam e experimen t  wa s als o designe d t o tes t  th e 
degre e o f  fit  o f  extan t  theorie s o f  inheritanc e reasoning ,  bu t 
thos e result s ar e reporte d elsewher e (Hewso n &  Vogel ,  1994) . 

Inheritance Reasoning 

Defaul t  inheritanc e reasonin g i s a  nonmonotoni c syste m fo r 
reasonin g abou t  generic s like ,  "Bird s fly."  I n thes e systems , 
generic s ar e encode d a s link s i n directe d acycli c graphs ,  th e 
node s o f  whic h represen t  individuals ,  properties ,  o r  classes , 
an d th e link s o f  whic h represen t  statement s o f  positiv e o r 
negativ e defaults .  So ,  fo r  example .  Fig .  1  depict s a  defaul t 
inheritanc e network .  Le t  th e node s o f  th e grap h labele d A ,  B 
an d C  represen t  penguins ,  bird s an d fliers,  respectively .  Thus , 
th e networ k represent s tha t  bird s fly,  tha t  penguin s ar e birds , 
an d tha t  penguin s d o no t  fly. 

'Partiall y  motivate d b y th e ide a tha t  tangle d hierarchie s ar e ubi -
quitou s i n th e organizatio n o f  information . 

Figur e 1 :  A  Simpl e Inheritanc e Networ k 

Inheritance reasoners define methods for reaching conclu-
sion s implici t  i n grap h representation s o f  sentences^ .  Implici t 
conclusion s correspon d t o path s throug h th e grap h tha t  ar e 
distinguishe d a s permitted .  A s a n example ,  a n easil y state d 
theor y o f  inheritanc e i s shortes t  pat h reasoning ,  i n whic h th e 
conclusio n o f  a  grap h tha t  i s no t  simpl y linea r  i s take n t o 
be th e conclusio n tha t  correspond s t o th e shortes t  linea r  pat h 
throug h th e entir e graph .  Touretzk y (1986 )  ha s show n thi s 
for m o f  reasonin g t o b e formall y undesirable ;  however ,  mos t 
inheritanc e reasoner s agre e wit h shortes t  pat h reasonin g i n 
simpl e cases ,  an d determine ,  fo r  instance ,  tha t  th e potentia l 
pat h i n Fig .  1  fro m A  t o C  throug h th e intervenin g nod e B 
i s no t  permitte d becaus e i t  i s  preempte d b y th e mor e speci -
fic  informatio n represente d b y th e direc t  negativ e lin k fro m 
A t o C  However ,  w h e n i t  c o m e s t o m o r e comple x grap h 
topologies ,  differen t  inheritanc e reasoner s diverg e considera -
bl y o n whic h path s shoul d b e permitte d fro m a  give n grap h 
(Touretzky ,  1986 ;  Touretzk y etal. ,  1987 ;  Boutilier ,  1989) . 

^In what follows we sometimes describe sets of sentences in terms 
of  structura l  propertie s o f  thos e set s whe n represente d i n graphi c 
notation ;  i n thes e terms ,  theorie s ar e directe d acycli c graphs . 

409 

http://ed.ac.uk


Touretzk y e t  al .  (1987 )  outlin e a  spac e o f  proof-theoreti c 
variation s i n inheritanc e reasoners .  Accordin g t o th e axe s 
of  variatio n tha t  the y identify ,  th e reasone r  o f  Hort y e t  al . 
(1990 )  i s restrictedl y skeptical ,  off-pat h preempting ,  an d up -
ward s chaining .  H e w s o n an d Voge l  (1994 )  investigat e th e 
degre e t o whic h h u m a n reasonin g wit h set s o f  abstrac t  gene -
ric s correspond s t o th e prediction s m a d e b y thes e properties . 
I n thi s paper ,  w e examin e mor e foundationa l  proof-theoreti c 
assumption s assume d b y a  wide r  clas s o f  reasoner s an d no t 
identifie d a s a  poin t  o f  conflic t  a m o n g reasoner s b y Touretzk y 
et  al .  (1987 )  no r  investigate d b y (Eli o &  Pelletier .  1993) ; 
thes e propertie s are :  transitivity ,  negativity ,  preemption ,  an d 
redundancy . 

Tk-ansitivity .  Thi s propert y i s realize d i n inheritanc e rea -
soner s tha t  admi t  chainin g o f  explici t  link s int o path s corre -
spondin g t o implici t  conclusions .  Chain s o f  statement s ca n b e 
eithe r  positiv e o r  negative ,  an d ca n hav e arbitrar y (bu t  finite) 
length .  No t  al l  inheritanc e system s admi t  genera l  chaining , 
notabl y th e statisticall y base d one s (Bacchus ,  1989) ,  becaus e 
i t  i s  no t  a  statisticall y vali d inferenc e fo r  defaults ,  althoug h 
i t  i s  a  practicall y tenabl e inference .  Thus ,  i t  i s  interestin g 
t o tes t  bot h whethe r  peopl e dra w conclusion s consisten t  wit h 
transitivit y a t  al l  an d whethe r  ther e i s a n interestin g limi t  o n 
th e m a x i m u m length . 

Negativity .  Th e literatur e define s a  negativ e pat h a s on e i n 
whic h th e final  lin k i s a  negativ e lin k an d th e precedin g link s 
(i f  any )  ar e al l  positive .  Thi s reflect s th e intuitio n tha t  on e 
canno t  reaso n beyon d a  negativ e assertio n o f  th e for m A s ar e 
normall y no t  Bs^ :  i f  A s ar e normall y no t  Bs ,  the n A s stan d i n 
no transitiv e relatio n t o anythin g els e tha t  B s migh t  be .  N o -
netheless ,  genera l  sequence s tha t  includ e non-fina l  negativ e 
link s ca n b e labele d negativ e chains .  I t  i s possibl e tha t  peopl e 
reaso n wit h suc h statement s a s i f  negativit y i s a  feature ,  s o 
tha t  i f  A s ar e normall y no t  B s an d B s ar e normall y  Cs ,  the n 
As woul d b e considere d normall y no t  Cs .  Als o possibl e i n 
thi s ligh t  i s  tha t  'doubl e negations '  ca n cance l  o r  intensif y 
eac h other .  Bot h potentia l  response s ar e classicall y invalid , 
but  negativit y propagatio n i s mor e pragmaticall y misguide d 
tha n chaining :  n o inheritanc e reasone r  build s i n thes e fea -
tures .  Hence ,  i t  i s  interestin g t o tes t  th e distinctio n betwee n 
negativ e path s an d negativ e chains . 

Preemption .  Preemptiv e link s ar e treate d uniforml y i n th e 
literatur e a s providin g specifi c  informatio n tha t  shoul d over -
rid e longe r  path s whos e endpoint s the y connect .  Fo r  example . 

) ,  represent s a  networ k i n whic h th e inheritanc e 
literatur e nearl y unanimousl y agree s t o licens e th e conclusio n 
tha t  A s ar e no t  Ds .  A  tes t  o f  th e plausibilit y  o f  preemptio n i s 
simultaneousl y a  tes t  o f  instance s o f  applicabilit y  o f  shortes t 
pat h reasoning . 

Redundancy .  Th e priorit y o f  explici t  link s ha s bee n iden -
tifie d a s a  controversia l  issu e wit h respec t  t o stabl e reasonin g 
(Boutilier ,  1989) .  But ,  sinc e Touretzky' s thesi s (Touretzky , 
1986 )  i t  ha s bee n accepte d i n th e literatur e tha t  certai n topolo -
gicall y identifiabl e link s i n inheritanc e network s ar e redundan t 
sinc e the y conve y n o informatio n tha t  i s no t  alread y presen t 
i n longe r  paths ,  throug h transitivity .  Essentially ,  certai n ex -
plici t  link s ar e deeme d redundan t  wit h respec t  t o implici t 

Î t  i s importan t  t o remembe r  th e differenc e betwee n thi s an d th e 
weaker :  A s ar e no t  normall y Bs . 

links ,  i n particular ,  whe n th e explici t  lin k expresse s th e sam e 
conclusio n tha t  ca n b e draw n fro m a  longe r  path .  I n term s 
of  grap h topology ,  a  'redundant '  lin k i s a  direc t  lin k tha t 
connect s th e endpoint s o f  anothe r  pat h wit h th e sam e polarity . 
For  instance ,  a  reasone r  tha t  implement s transitiv e inferenc e 
woul d likel y conclud e fro m thi s network,©—<^>—© ,  tha t  A s 

ar e normall y Cs .  Thus ,  thi s relate d network ,  -  - 1 - ^ ,  i s 
deemed t o contai n n o additiona l  information .  I n a  reasone r 
tha t  incorporate s transitivity ,  th e conclusion s implici t  i n bot h 
graph s ar e th e sam e regardles s o f  th e information-supplyin g 
statu s o f  th e redundan t  link ;  however ,  whe n graph s lik e thes e 

ar e embedde d i n large r  network s suc h as ,  0 — & - - ~ Q - — ^ , 

and ^^—! ^ , a reasoner that assumes redundancy (as 
nearl y al l  path-base d reasoner s do )  wil l  reac h th e sam e con -
clusion s fo r  bot h graphs ,  bu t  reasoner s tha t  assum e eac h direc t 
lin k convey s nove l  informatio n m a y sanctio n differen t  conclu -
sion s fo r  eac h graph . 

Experiment 

Seventy-tw o subject s wer e presente d wit h 4 0 problem s tha t 
wer e designe d t o elici t  response s whic h woul d determin e 
whethe r  peopl e reaso n i n accor d wit h particula r  inheritanc e 
reasoners . 

Materials .  Eac h proble m presente d a  se t  o f  defaul t  state -
ment s abou t  abstrac t  classes ,  followe d b y a  questio n i n multi -
pl e choic e format ;  th e questio n aske d wha t  conclusion s coul d 
be drawn ,  base d o n th e state d information ,  abou t  th e relati -
onshi p betwee n tw o o f  th e classe s represente d (se e Fig.2) . 

Th e problem s wer e presente d eithe r  i n graphica l  form ,  i n 
sententia l  form ,  o r  wit h bot h graphica l  an d sententia l  form s 
together ;  thi s create d on e betwee n subject s factor—mod e o f 
presentation—whic h ha d thre e level s (graph ,  sentence ,  an d 
graph+sentence) .  Withi n th e inheritanc e literatur e th e kin d o f 
informatio n represente d i n suc h problem s tend s t o b e presen -
te d graphically ;  th e purpos e o f  constructin g a  facto r  'mod e 
of  presentation '  wa s t o determin e whethe r  th e response s eli -
cite d b y subject s woul d b e affecte d b y thi s factor .  Thi s ha s 
importan t  methodologica l  implication s fo r  investigafin g th e 
psychologica l  plausibilit y  o f  inheritanc e reasoners .  Fig .  2 
show s th e graph-Hsentenc e versio n o f  proble m No .  1 . 

Subjects .  5 2 Canadia n student s betwee n 7t h an d 12t h 
grad e participate d a s a  resul t  o f  a  cal l  fo r  subject s poste d t o 
SchoolNet ,  a n electroni c networ k o f  Canadia n schools ;  2 0 
post-secondar y schoo l  individual s fro m Nort h Americ a an d 
Europ e participate d b y respondin g individuall y t o a  cal l  fo r 
subject s sen t  t o a n assortmen t  o f  interne t  newsgroups . 

Desig n an d Procedure .  Eac h subjec t  wa s presente d wit h a 
questionnair e containin g al l  4 0 problems ,  randoml y ordered ; 
tw o rando m presentation s (on e rando m orde r  an d it s reverse ) 
wer e use d an d subject s wer e randoml y assigne d t o receiv e 
eithe r  o f  these .  Th e questionnair e containe d ful l  instruction s 
t o subject s o n h o w t o answe r  th e problems ;  i t  wa s stresse d 
tha t  ther e wer e n o righ t  o r  wron g answers ,  an d subject s wer e 
t o sa y wha t  the y though t  coul d b e conclude d fro m th e infor -
matio n given .  Th e facto r  m o d e o f  presentatio n create d thre e 
experimenta l  conditions :  i n on e conditio n subject s receive d 
eac h proble m i n grap h format ,  i n a  secon d conditio n subject s 
receive d eac h proble m i n sentenc e format ,  an d i n a  thir d con -
ditio n subject s receive d eac h proble m i n bot h sentenc e an d 
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• d y - d ) 

1 

© 

•  A s ar e normall y Bs . 

•  B s ar e normall y Cs . 

What  ca n yo u conclud e fro m thes e statements ? Asteris k (* )  th e 
appropriat e answer . 

(a) As are normally Cs. 
(b )  A s ar e normall y no t  Cs . 
(c )  A s ar e normall y C s an d normall y no t  Cs . 
(d )  I t  isn' t  definit e whethe r  A s ar e normall y C s o r  normall y no t 
Cs. 
(e )  I  don' t  know . 

If you wish, explain why you reach this conclusion. 

Figure  2 :  A n Exampl e Questio n 

ca n b e groupe d togethe r  t o for m a  genera l  respons e categor y 
meanin g "no t  'a '  o r  'b', "  sinc e th e alternativ e optio n 'e' ,  " I 
don' t  know, "  wa s als o provide d an d exercised .  I n analysi s o f 
th e data ,  categorie s 'c '  an d 'd '  wer e collapse d int o a  singl e 
respons e category ,  an d th e categor y 'e '  ( I  don' t  k n o w )  wa s 
excluded ;  thu s th e thre e respons e categorie s use d wer e "a' , 
'b' ,  an d 'c/d' .  W e refe r  t o subjects '  response s a s thepredicte d 
answe r  (th e answe r  t o a  proble m a s predicte d b y H 9 0 w h e n i t 
i s  'a '  o r  'b') ,  th e complemen t  answe r  (whe n i t  i s  'a '  o r  'b') ,  o r 
an indeterminat e answe r  (whe n i t  i s  ' c  o r  d') . 

a.  Inconsistenc y b .  Ambiguit y 

c. Vacuity 

Figure 3: Category 'c/d': Indeterminacy 

grap h format s together . 
The material s wer e distribute d electronically .  A s th e Ca -

nadia n secondar y schoo l  student s di d no t  hav e facilitie s fo r 
previewin g graphics ,  the y wer e assigne d t o th e sentenc e onl y 
condition .  Tex t  files  containin g th e questionnair e i n bot h or -
dering s wer e emaile d t o th e relevan t  teacher s w h o randoml y 
assigne d the m t o student s an d organize d thei r  return .  Th e 
grap h onl y an d mixe d mode s o f  presentatio n wer e offere d t o 
peopl e wit h acces s t o interne t  news ,  upo n individua l  request . 
For  eac h o f  thes e conditions ,  files  containin g th e sam e orde -
ring s o f  th e problem s a s i n th e sentenc e onl y conditio n an d 
correspondin g answersheet s wer e mad e availabl e vi a F T P i n 
a uniqu e location'' ,  th e answersheet s returne d t o u s electroni -
call y upo n completion .  1 0 subject s receive d th e grap h onl y 
conditio n an d 1 0 receive d th e mixe d mode s o f  presentation . 
No limi t  wa s impose d o n th e tim e subject s spen t  o n eac h 
problem . 

Results and Discussion 

The result s wer e analyze d b y pickin g ou t  set s o f  problem s tha t 
enable d conclusion s t o b e draw n regardin g th e conformanc e 
of  subjects '  response s t o specifi c  prediction s o f  inheritanc e 
reasoners .  B y thi s metho d i t  wa s possibl e t o examin e th e 
exten t  t o whic h peopl e reasone d i n accor d wit h particula r 
isolabl e feature s o f  thes e models . 

Response s wer e code d i n term s o f  th e multipl e choice  an -
swer  categorie s (a-e ,  a s show n i n Fig.2) ,  thu s makin g i t  pos -
sibl e t o directl y compar e subjects '  response s wit h th e predic -
tion s o f  inheritanc e reasoners .  Optio n 'c '  classifie s a n asser -
tio n o f  definit e inconsistenc y represente d b y a  se t  o f  generi c 
statements ,  bu t  optio n 'd '  expresse s indeterminacy .  Thi s di -
stinctio n i s importan t  t o th e inheritanc e literatur e sinc e mos t 
inheritanc e logic s classif y th e statement s i n Fig .  3. a a s in -
consistent ,  bu t  th e one s represente d b y Fig .  3. b an d Fig .  3. c 
ar e deeme d inconclusive .  However ,  bot h answer s 'c '  an d 'd ' 

*So tha t  n o participan t  ha d acces s t o othe r  possibl e condition s i n 
whic h t o participat e accidentally . 

IVansitivit y 

To tes t  whethe r  peopl e reaso n i n accor d wit h transitivit y sub -
jects '  response s t o th e problem s wit h jus t  on e linea r  path , 
or  a  linea r  pat h wit h a  redundan t  link ,  wer e compare d wit h 
th e response s predicte d b y th e inheritanc e literature .  I t  wa s 
foun d tha t  6 6 % o f  subjects '  response s conforme d t o th e li -
teratur e prediction ;  o f  th e remainin g 3 5 % o f  responses ,  1 1 % 
fel l  int o th e complemen t  categor y an d 2 3 % fel l  int o cate -
gor y 'c/d' .  A  ch i  squar e analysi s showe d thi s differenc e i n 
th e proportio n o f  response s i n eac h categor y t o b e significan t 
(X2(2 )  =  199.6,p<.01) . 

Thes e result s indicat e tha t  peopl e d o ten d t o reaso n i n ac -
cor d wit h transitivity .  Thi s mean s tha t  peopl e ten d t o conclud e 
fro m th e fact s tha t  A s ar e normall y B s an d B s ar e normall y 
Cs tha t  A s ar e normall y  Cs .  Havin g sai d this ,  ther e wer e stil l 
a remainin g 3 5 % o f  response s whic h di d no t  accor d wit h th e 
transitiv e conclusion ;  thi s resul t  m a y reflec t  th e influenc e o f 
considere d statistica l  validity—indeed ,  a  numbe r  o f  subject s 
indicate d thi s a s th e motivatio n fo r  thei r  answers .  Inheritanc e 
reasoner s generall y admi t  transitivity ,  althoug h a s note d abov e 
i n th e Inheritanc e Reasonin g section ,  som e system s limi t  th e 
lengt h o f  chaining .  W e foun d fo r  linea r  graph s tha t  th e ten -
denc y t o reaso n transitivel y fit  u p t o th e m a x i m u m lengt h w e 
tested—thre e link s (i.e .  subjects '  response s di d no t  var y a s a 
functio n o f  numbe r  o f  links) .  Thi s finding  support s th e basi c 
assumptio n o f  inheritanc e proo f  theor y tha t  som e chainin g 
shoul d b e admitted . 

Lx) g linea r  analysi s showe d tha t  m o d e o f  presentatio n di d 
affec t  response s t o problem s fo r  whic h th e predicte d answe r 
was 'a '  (x^(4 )  =  33.87, p <  .01) ,  bu t  no t  thos e fo r  whic h 
th e predicte d answe r  wa s 'b' .  Fo r  th e former ,  th e graphica l 
condition s (grap h onl y an d graph+sentence )  elicite d mainl y 
predicte d responses ,  n o complemen t  responses ,  an d ver y fe w 
indeterminat e responses ;  however ,  i n th e sentenc e onl y con -
ditio n subject s wer e les s likel y t o giv e th e predicte d answe r 
and mor e likel y t o giv e bot h th e complemen t  an d indeter -
minat e answers .  Not e tha t  fo r  eac h m o d e o f  presentatio n 
answer s wer e mor e likel y t o confor m t o th e prediction s o f 
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transitivity ,  bu t  th e 'cleaner '  conformanc e i n th e graph-onl y 
conditio n i s stark .  I t  suggest s tha t  th e graph s len d interpre -
tiv e strategie s i n additio n t o simpl y denotin g th e equivalen t 
generics .  Thi s suggest s tha t  th e natura l  semantic s o f  graph s 
interact s wit h reasonin g abou t  problem s whe n the y ar e ex -
presse d a s graphs ,  bu t  problem s wit h certai n structure s migh t 
lea d t o significantl y divergin g responses .  Thi s i s a n importan t 
poin t  becaus e inheritanc e proo f  theor y ha s bee n develope d 
largel y wit h topologica l  feature s o f  graph s i n mind ,  an d fo r 
tha t  reaso n m a y hav e bee n misle d int o device s tha t  co n fi  le t 
wit h h u m a n reasonin g wit h generics .  Althoug h ther e wa s n o 
significan t  effec t  o f  m o d e o f  presentatio n o n response s t o th e 
problem s fo r  whic h th e predicte d answe r  wa s 'b' ,  a  simila r 
tren d wa s observed . 

Negative Paths 

We distinguis h betwee n negativ e path s a s define d abov e an d 
negativ e chain s a s sequence s o f  link s containin g on e o r  mor e 
negativ e link s bu t  whic h ar e no t  als o negativ e paths .  T o tes t 
whethe r  peopl e reaso n i n accordanc e wit h thi s distinction , 
response s t o thos e problem s wit h on e negativ e pat h onl y wer e 
compare d wit h response s t o thos e wit h on e negativ e chai n 
only . 

For  bot h chain s an d path s subject s gav e ver y fe w 'a '  re -
sponses ;  however ,  wherea s fo r  negativ e path s ther e wer e a 
lo t  mor e 'b '  ( 65% )  tha n 'c/d '  (27% )  responses ,  fo r  negativ e 
chain s ther e wer e roughl y equa l  number s o f  'b '  (41% )  an d 
'c/d '  ( 47% )  responses .  Subject s wer e mor e likel y t o sa y 'b ' 
an d les s likel y t o sa y 'c/d '  fo r  negativ e path s tha n fo r  negativ e 
chain s (x^(6 )  =  32.91, p <  .01) ,  thu s indicatin g tha t  the y 
d o distinguis h betwee n th e two .  Thi s suggest s tha t  peopl e 
differentiat e th e validit y o f  transitivit y an d genera l  negativ e 
chaining .  However ,  th e result s presen t  som e surprises :  alt -
houg h peopl e largel y reaso n i n accor d wit h prediction s fo r 
negativ e paths ,  th e answer s elicite d wit h respec t  t o negativ e 
chain s sho w greate r  deviatio n fro m literatur e predictions .  Th e 
equa l  proportio n o f  'c/d '  (predicted )  an d 'b '  answer s t o ne -
gativ e chain s indicate s a  substantia l  tendenc y fo r  peopl e t o 
opt  fo r  th e incorrec t  answe r  (wher e se t  theoreti c interpretati -
ons arbitrate) .  O n e speculation ,  whic h provide s a  basi s fo r 
follow-u p studies ,  i s  tha t  les s abstrac t  problem s woul d alte r 
thi s patter n o f  responses . 

Lo g linea r  analysi s reveale d tha t  m o d e o f  presentatio n ha d 
an effec t  o n subjects '  response s fo r  negativ e chain s (x^(4 )  = 
19.36 ,  p  <  .01 )  bu t  no t  fo r  negativ e paths .  Fo r  chains ,  i n 
th e grap h onl y conditio n subject s responde d 'c/d'(64% )  mor e 
ofte n tha n 'b'(33%) ,  bu t  i n th e sentenc e onl y conditio n ther e 
wer e equa l  number s o f  response s i n thes e categorie s (43%) . 
(Th e graph/sentenc e conditio n ha d slightl y mor e 'c/d'(54% ) 
response s tha n 'b'(42% )  responses) .  Thi s resul t  reinforce s th e 
tren d observe d i n th e precedin g discussio n o f  transitivit y fo r 
response s t o b e mor e polarize d i n th e grap h condition s tha n 
i n th e sentenc e condition . 

Preemptive Links 

As describe d i n th e Inheritanc e Reasonin g section ,  preemptiv e 
link s ar e treate d almos t  uniforml y i n th e literatur e a s providin g 
mor e specifi c  informatio n tha t  shoul d overrid e longe r  path s 
whos e endpoint s the y connect .  T o tes t  whethe r  subject s deal t 
wit h preemptiv e link s a s predicte d b y th e literature ,  5  pair s o f 
problem s wer e compared ;  eac h compariso n involve d a  grap h 

and it s siste r  grap h whic h wa s identica l  excep t  fo r  th e additio n 
of  on e preemptiv e link . 

Th e first  compariso n involve d th e grap h (O—•Q-'-Q )  an d 

it s siste r  ( ^ - - J J ^ ) ;  th e inheritanc e literatur e predict s tha t 
subject s shoul d answe r  'b '  t o th e first  o f  thes e an d 'a '  t o it s 
sister .  Subject s gav e mainl y th e predicte d answe r  (68% )  t o th e 
first  graph ,  bu t  ther e wer e als o a  fai r  numbe r  o f  indeterminat e 
response s (27%) ;  however ,  fo r  th e siste r  grap h subject s wer e 
as likel y t o giv e a n indeterminat e respons e (42% )  a s th e pre -
dicte d respons e (437o) .  Lo g linea r  analysi s showe d tha t  th e 
differenc e i n distributio n o f  response s t o eac h o f  thes e pro -
blem s wa s significan t  (x^(6 )  =  63.31, p <  .01) ;  thus ,  wit h 
th e additio n o f  th e preemptiv e lin k ther e wa s a  reductio n o f 
'b '  (predicted )  response s whic h wa s reflecte d i n a n increas e i n 
bot h 'a '  (predicted )  an d "c/d '  response s (wit h th e increas e i n 
predicte d response s bein g greater) .  Thi s resul t  suggest s tha t 
th e effec t  o f  a  preemptiv e lin k i s no t  t o overrid e th e existin g 
path ,  a s th e inheritanc e literatur e argues ,  bu t  rathe r  t o ad d 
extr a informatio n whic h i s considere d alon g wit h th e existin g 
path . 

Lo g linea r  analysi s showe d a n interactio n betwee n th e diffe -
renc e i n subjects '  response s t o eac h o f  th e problem s an d mod e 
of  presentatio n (x^(4 )  =  13.07,p < .01) :  fo r  th e grap h onl y 
and graph-i-sentenc e condition s ther e wa s a  ver y larg e dro p 
i n th e numbe r  o f  'b '  response s (fro m 9 0 % an d 7 8 % ,  bot h t o 
0 %)  betwee n th e grap h an d it s sister ,  accounte d fo r  b y a n 
increas e i n bot h 'a '  an d 'c/d '  responses .  However ,  fo r  th e 
sentenc e onl y conditio n th e observe d dro p i n 'b '  response s 
was a  lo t  les s ( 6 1 % t o 2 0 % ) ,  an d wa s accounte d fo r  primaril y 
by a n increas e i n 'a '  responses .  Agai n thi s resul t  confirm s th e 
observatio n tha t  th e distributio n o f  subjects '  response s tend s 
t o b e mor e polarize d whe n graphica l  rathe r  tha n sententia l 
informatio n i s presented . 

A secon d compariso n involve d th e tw o graph s (©—<E>—<D) 

and (^^^~Z^^^^) .  Thi s pai r  i s  symmetri c  t o th e precedin g one , 
and elicite d a n almos t  identica l  patter n o f  result s (i n term s o f 
predicted ,  complement ,  an d indeterminat e responses) .  A s 
above ,  lo g linea r  analysi s showe d th e observe d differenc e 
i n th e distributio n o f  response s t o eac h o f  thes e tw o graph s 
t o b e significan t  (x^(6 )  =  64.26 ,  p  <  .01) .  Thi s sustain s 
th e inferenc e tha t  peopl e d o no t  trea t  a  preemptiv e lin k a s 
overridin g a n existin g pat h i n th e wa y th e inheritanc e literatur e 
predicts .  Surprisingly ,  i n contras t  t o th e previou s case ,  n o 
significan t  effec t  o f  m o d e o f  presentatio n wa s foun d fo r  thi s 
comparison . 

The graphs (O^)—G^-©) and (^>-<^^^^Q^) were 
involve d i n th e thir d comparison .  Again ,  lo g linea r  analysi s 
showe d tha t  th e distributio n o f  subjects '  response s betwee n 
eac h o f  thes e graph s wa s significantl y differen t  (x^(6 )  = 
35.05 ,  p  <  .01) ,  an d thi s effec t  interacte d wit h m o d e o f  pre -
sentatio n (x^(4 )  =  10.26 ,  p  <  .05) .  Subject s gav e mainl y 
th e predicte d answe r  (60% )  t o th e first  graph ,  thoug h ther e 
wer e als o abou t  hal f  a s man y indeterminat e response s (31%) ; 
fo r  th e siste r  mos t  response s fel l  int o th e indeterminat e cate -
gor y (54%) ,  an d roughl y hal f  a s man y i n eac h o f  th e predicte d 
(24% )  an d complemen t  (22% )  categories .  I n thi s cas e th e 
additio n o f  th e preemptin g lin k reveale d a  decreas e i n 'a ' 
(predicted )  responses ,  accounte d fo r  b y a n increas e i n bot h 
'b '  an d 'c/d '  responses ;  however ,  th e predicte d increas e i n 'b ' 
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response s wa s smalle r  tha n th e unexpecte d increas e i n 'c/d ' 
responses .  Agai n thi s resul t  suggest s tha t  th e effec t  o f  a  pre -
emptin g lin k i s no t  t o overrid e th e existin g information ,  bu t 
t o ad d t o it .  A s fo r  th e effec t  o f  m o d e o f  presentation ,  fo r 
bot h th e graph-involvin g condition s ther e wa s a  larg e dro p i n 
th e numbe r  o f  'a '  responses—i n th e grap h onl y conditio n thi s 
dro p wa s accounte d fo r  b y a n increas e i n 'c/d '  responses ,  an d 
i n th e graph/sentenc e conditio n i t  wa s accounte d fo r  b y a n 
increas e i n bot h 'c/d '  an d 'b '  responses .  I n th e sentenc e onl y 
conditio n th e decreas e i n 'a '  response s wa s les s marked ,  an d 
was accounte d fo r  b y a n increas e i n 'c/d '  an d 'b '  responses . 
Agai n th e grap h condition s sho w mor e polarize d response . 

A fourt h compariso n examine d a  pai r  o f  graph s whic h 
ar e symmetri c t o th e abov e pair ,  ( 0 — - G — 0 - ^ )  an d 

( 0 — • & — 0 - " ^ ) .  Th e patter n o f  response s elicite d b y thes e 
graph s wa s ver y simila r  t o th e patter n describe d abov e (i n 
term s o f  predicted ,  complement ,  an d indeterminat e respon -
ses) ,  an d agai n th e observe d differenc e i n th e distributio n o f 
response s t o eac h o f  thes e graph s wa s significan t  unde r  a  lo g 
linea r  analysi s (x^(6 )  =  36.21 ,  p  <  .05) .  Thi s reinforce s th e 
same conclusion .  However ,  unexpectedly ,  th e effec t  o f  m o d e 
of  presentatio n i n thi s cas e wa s no t  significan t  thoug h i t  di d 
approac h significanc e x^(4 )  =  8.8 ,  p  =  .0642 . 

A final  analysi s compare d graph s ( K ^ )  an d 

(  tS j  ) ;  th e distribution s o f  response s betwee n thes e tw o 
grap h wer e significantl y differen t  (x^(5 )  =  22.00, p <  .01) . 
To th e first  grap h subject s responde d mainl y 'c/d '  (65% )  a s 
predicted ,  an d t o a  lesse r  extent ,  an d eac h abou t  equally , 
'a'(15% )  an d 'b '  (19%)) ;  t o it s siste r  the y responde d mostl y 
'b '  (53% )  a s predicted ,  bu t  als o 'c/d '  (37% )  an d 'a '  (10%) . 
Thus ,  additio n o f  a  preemptiv e lin k i n thi s cas e i s reflecte d 
i n a  decreas e i n 'c/d '  responses ,  accounte d fo r  b y a n increas e 
i n 'b '  responses .  Sinc e thi s shif t  fro m 'c/d '  t o 'b '  response s 
was onl y partial ,  wher e th e literatur e predict s a  complet e shif t 
fro m 'c/d '  t o 'b' ,  thi s resul t  als o confirm s th e ide a tha t  additio n 
of  a  preemptiv e lin k doe s no t  overrid e th e existin g link .  Ther e 
was n o effec t  o n m o d e o f  presentatio n o n thi s result .  Thi s tes t 
provide s a  specifi c  poin t  o f  compariso n wit h th e result s o f  th e 
pilo t  experimen t  ru n b y Eli o an d Pelletie r  (1993) ;  w e foun d 
fo r  th e first  o f  th e tw o graph s tha t  peopl e mainl y classifie d th e 
grap h a s indeterminat e (65% )  an d onl y 1 5 % an d 1 9 % i n eac h 
of  th e definit e categorie s whil e i n Eli o an d Pelletier' s  (1993 ) 
stud y o f  th e sam e proble m (presente d wit h interpretation s an d 
wit h a  differen t  sor t  o f  question )  roughl y hal f  o f  th e peopl e 
foun d th e proble m determinate ,  thoug h peopl e stil l  spli t  abou t 
equall y betwee n th e tw o determinat e categories . 

Redundant Links 

The effect of redundant links on subjects' responses was ex-
amine d b y comparin g th e response s t o pair s o f  graph s tha t 
wer e identica l  apar t  fro m on e redundan t  link ;  i f  subject s rea -
son i n accor d wit h th e prediction s o f  th e literatur e the n thei r 
answer s shoul d no t  b e affecte d b y th e additio n o f  a  redundan t 
link .  Thes e paire d comparison s coul d b e broke n int o tw o 
group s base d o n th e balanc e o f  polarit y amon g path s throug h 
th e networks—thos e i n whic h th e origina l  grap h ha d a n equa l 
number  o f  positiv e o r  negativ e path s an d fo r  whic h th e additio -

nal  lin k woul d hav e offse t  th e balanc e an d thos e i n whic h th e 
origina l  grap h ha d onl y path s o f  on e polarit y o r  th e othe r  an d 
th e additiona l  lin k create d jus t  anothe r  pat h o f  th e sam e pola -
rity .  A s expecte d i n th e latte r  case ,  i t  wa s found ,  fo r  eac h o f 
th e paire d comparisons ,  tha t  subjects '  response s wer e no t  sig -
nificantl y affecte d b y th e additio n o f  a  redundan t  link ,  no r  wa s 
ther e a n interactio n o f  m o d e o f  presentation .  Th e forme r  cas e 
i s mor e interestin g t o th e inheritanc e literatur e sinc e i t  invol -

ves comparison s betwee n graph s lik e (0—(55—0) - - ^ )  an d 

^ ^ t : ^ ^ ) ,  an d i f  th e inheritanc e literatur e i s correc t 
ther e wil l  b e n o differenc e i n respons e becaus e th e additiona l 
lin k contain s n o informatio n tha t  i s no t  alread y i n th e origina l 
graph .  A n alternativ e proo f  theor y i n whic h explici t  link s ar e 
assume d t o conve y nove l  informatio n migh t  propos e a  metho d 
of  'pat h counting '  i n whic h th e numbe r  o f  argument s i n favo r 
of  on e conclusio n o r  th e othe r  determine s th e decisio n an d 
woul d predic t  a  differen t  respons e betwee n th e tw o problems . 

As i t  happens ,  ther e wa s no t  a  significan t  differenc e i n res -
ponse ,  whic h i n thi s cas e fail s t o suppor t  pat h counting .  H o -
wever ,  i t  canno t  reall y b e take n a s evidenc e fo r  th e prediction s 
of  th e inheritanc e literatur e becaus e th e inheritanc e literatur e 
predicte d n o chang e i n answer s betwee n th e tw o graphs ,  bu t 
furthe r  predicte d a  definit e rathe r  tha n indeterminat e respons e 
t o th e graphs .  Th e respons e pattern s fo r  th e first  grap h wer e 
state d i n th e precedin g sectio n wher e i t  wa s pointe d ou t  tha t 
peopl e behave d contrar y t o th e prediction s o f  th e inheritanc e 
literature :  2 4 % gav e th e respons e predicte d b y th e literatur e 
('b' )  an d 2 2 % gav e th e complementar y response ,  whil e 5 4 % 
classifie d i t  a s indeterminat e althoug h th e literatur e present s 
stron g intuition s tha t  peopl e wil l  conclud e tha t  A s ar e nor -
mall y Ds .  Peopl e gav e simila r  response s t o th e siste r  grap h 
wit h th e redundan t  lin k ( 6 2 % indeterminate ,  1 7 % predicte d 
and 2 1 % complementary) .  Lo g linea r  analysi s showe d ther e 
t o b e n o significan t  differenc e betwee n th e distribution s o f 
response s t o eac h o f  thes e graphs .  Thi s support s th e intuitio n 
presente d i n th e inheritanc e literatur e tha t  th e additiona l  lin k 
i s i n fac t  redundant ,  eve n thoug h th e predicte d respons e t o 
th e grap h i s no t  born e out .  T o understan d this ,  not e tha t  a 
•pat h counting '  syste m whic h incorporate d a  topologica l  de -
finition  o f  redundanc y woul d hav e predicte d tha t  bot h graph s 
be classifie d a s indeterminat e sinc e the y woul d hav e a n equa l 
number  o f  non-redundan t  positiv e an d negativ e paths . 

Another comparison examined the pair, (0—0—0-^-^) 

and  its sister (^<ZJzZ^:>^^'~'^) which are symmetric in pola-
rit y t o th e first  comparison .  A s i n tha t  case ,  peopl e answere d 
contrar y t o th e inheritanc e literatur e fo r  th e first  graph :  6 6 % 
indeterminate ,  1 5 % predicte d ('a' )  an d 1 9 % complement .  Fo r 
th e siste r  grap h response s were :  5 3 % indeterminate ,  1 1 % pre -
dicted ,  an d 3 6 % complement .  Agai n ther e wa s n o significan t 
differenc e betwee n th e distribution s o f  response s t o eac h o f 
thes e graphs .  I t  i s interestin g that ,  thoug h no t  significant ,  ther e 
was a n observe d tren d i n th e response s t o thes e tw o graph s 
suc h tha t  wit h th e additio n o f  th e redundan t  lin k response s 
shifte d awa y fro m determinacy ,  no t  t o th e literature-predicte d 
answe r  ('a') ,  bu t  t o th e answe r  tha t  woul d hav e bee n predic -
te d b y a  pat h countin g metho d ('b') .  However ,  th e nonsi -
gnificanc e o f  th e differenc e give s suppor t  t o th e ide a tha t  th e 
additiona l  lin k doe s no t  conve y nove l  information . 
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G e n e r a l  Discussio n 

Thi s stud y finds  huma n reasonin g consisten t  wit h th e inheri -
tanc e literatur e i n term s o f  it s basi c assumptio n o f  transitiv e 
reasonin g wit h defaults ,  bu t  foun d tha t  peopl e d o no t  satisf y 
th e literature' s prediction s abou t  negativ e chains .  Mor e funda -
mentally ,  w e foun d a  tendenc y fo r  peopl e t o tak e 'preemptive ' 
link s a s additiona l  informatio n leadin g t o indeterminac y rathe r 
tha n preemptio n a s predicte d b y th e literature .  O n th e othe r 
hand ,  w e di d find  suppor t  fo r  th e ide a tha t  link s whic h expres s 
th e sam e informatio n tha t  i s containe d i n longe r  path s d o no t 
chang e response s t o problem s whe n adde d t o graph s an d ar e 
effectivel y 'redundant, '  a s th e literatur e predicts .  Graphi c pre -
sentatio n o f  th e problem s polarize d response s t o problem s i n 
a wa y tha t  suggest s tha t  th e synta x o f  inheritanc e reasoner s 
has influence d it s proof-theor y beyon d it s initia l  motivation s 
fo r  capturin g huma n reasonin g wit h generics . 

We hav e presente d a n experimen t  whic h provide s dat a abou t 
human reasonin g wit h generic s an d th e degre e t o whic h huma n 
reasonin g make s inheritanc e reasonin g a  plausibl e forma l  m o -
del .  W e focuse d o n foundationa l  assumption s o f  inheritanc e 
reasonin g an d teste d the m usin g abstrac t  concept s an d generi c 
relation s amon g them .  Follow-u p studie s shoul d investigat e 
th e interactio n o f  les s abstrac t  interpretations .  Th e presen t 
result s facto r  ou t  th e difficul t  t o contro l  influenc e o f  persona l 
knowledg e an d belief s abou t  rea l  classification s lik e 'pacifist ' 
or  'birds' .  Th e inheritanc e literatur e woul d mode l  th e effec t 
tha t  specifi c  backgroun d knowledg e ha s o n th e conclusion s 
derive d fro m a  se t  o f  generic s involvin g concret e interpreta -
tion s b y encodin g thos e belief s a s direc t  link s an d invokin g 
preemption .  Transitivit y ma y accuratel y describ e people' s 
behavio r  i n certai n abstrac t  case s a s wel l  a s fo r  interprete d 
instance s i n whic h inferenc e i s performe d rathe r  tha n direc t 
recall :  withou t  furthe r  contextua l  information ,  peopl e shoul d 
reaso n transitivel y wit h th e informatio n represente d i n Fig .  4. a 
t o conclud e tha t  penguin s ar e fliers.  Th e influenc e o f  worl d 
knowledg e whic h migh t  preven t  thi s inferenc e i s modele d b y 
inheritanc e reasoner s wit h preemptio n b y a n explici t  link ,  a s 
represente d i n Fig .  4.b .  However ,  w e foun d littl e suppor t  fo r 
preemptio n i n ungrounde d reasoning . 

a. b. 

([pra t̂a )  "(̂ B̂iii )  i-̂ ^̂ RtaJ ) 

Figur e 4 :  Representin g Contex t 

The nature of the conflicting intuitions on inheritance proof 
theor y i s suc h tha t  i t  i s in forme d m o r e b y studie s tha t  discrimi -
nat e th e influenc e o f  th e abstrac t  structur e o f  a  se t  o f  sentence s 
tha n b y th e determinatio n o f  w h i c h fact s ar e explicitl y  repre -
sente d a n d w h i c h ar e implicit .  H o w e v e r ,  a  m o r e interestin g 
se t  o f  contextua l  effect s give n th e m o d e l  o f  reasonin g supplie d 
b y th e inheritanc e literatur e w o u l d b e thos e factor s tha t  hav e 
a n impac t  o n th e abstrac t  pattern s o f  reasonin g rathe r  tha n 
th e presenc e o r  absenc e o f  explici t  in format ion—fo r  instanc e 
whethe r  reasonin g wit h k n o w n quantitie s (a s oppose d t o usin g 
set s tha t  hav e fuzz y cardinality ,  lik e 'chairs' )  eliminate s th e 
applicabilit y o f  transitiv e reasoning .  Studie s o f  bot h abstrac t 
a n d g rounde d reasonin g ar e importan t  part s o f  th e genera l  pro -
b l e m o f  determinin g whethe r  ther e i s abstrac t  systematicit y i n 
h u m a n reasonin g wit h generi c information . 

Furthe r  studie s shoul d explor e m o r e o f  th e proof-theoreti c 
claim s i n greate r  detail .  H e w s o n an d Voge l  (1994 )  conside r 
on-pat h a n d off-pat h preemptio n a s wel l  a s cascade d ambi -
guit y (cf .  Touretzk y e t  al. ,  1987 )  i n additio n t o th e m o r e 
foundationa l  consideratio n o f  s y m m e t r y betwee n positiv e an d 
negativ e conclusions .  T h e initia l  resul t  presente d her e o n re -
d u n d a n c y shoul d als o b e exam ine d further ,  especiall y give n 
th e conflictin g intuition s i n th e literatur e abou t  wha t  th e ap -
propriat e topologica l  definitio n o f  redundanc y shoul d b e (cf . 
Boutilier ,  1989) .  Fo r  examp le ,  Hort y e t  al .  (1990 )  us e a  m o r e 
c o m p l e x definitio n tha n th e o n e w e suggeste d usin g informa l 
term s i n thi s paper ;  i n their s certai n link s tha t  ar e redundan t  i n 
th e simple r  term s ar e i n fac t  d e e m e d b y t he m t o conve y nove l 
information .  W e hav e no t  teste d thes e problems .  Finally ,  th e 
presen t  analysi s suggest s tha t  path-countin g shoul d als o b e 
studie d i n close r  detai l  t o determin e it s efficac y a s a  predicto r 
o f  h u m a n reasonin g wit h generic s a s a  m o d e l  o f  weighte d 
evidence . 
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