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Abstrac t 

An experimen t  i s reporte d whic h use s a  rephrasin g tas k t o 
investigat e factor s affectin g th e formatio n o f  initia l  menta l 
models .  I t  wa s foun d tha t  bot h th e synta x an d th e themati c 
conten t  o f  th e rul e affec t  th e initia l  mode l  set ^  formed :  th e 
synta x determine s th e for m o f  th e initia l  mode l  se t  an d th e 
semantic s ad d t o thi s initia l  se t  throug h th e representatio n o f 
subjects '  prio r  knowledg e abou t  th e situatio n i n question . 
Specifically ,  causa l  conten t  invoke s genera l  knowledg e abou t 
causa l  relationship s whic h lead s t o th e additio n o f  model s 
representin g counterfactua l  situation s i n th e initia l  mode l  set . 
I n comparison ,  familia r  conten t  invoke s specifi c  knowledg e 
whic h lead s t o th e completio n o f  existin g model s i n th e initia l 
set .  Thus ,  ou r  experimen t  enable s a n extensio n o f  menta l 
model s t o b e mad e tha t  account s fo r  th e diffoentia l  effect s o f 
genera l  an d specifi c prio r  knowledge . 

I n t r oduc t i o n 

T h e menta l  model s theor y develope d b y Johnson-Lair d 
(1983 )  ha s bee n use d t o provid e a n accoun t  o f  man y o f  th e 
phenomen a observe d i n h u m a n deductiv e reasonin g (se e 
Evans ,  Newstea d an d Byrne ,  1993 ;  Johnson-Lair d an d 
Byrne ,  1991 )  an d languag e mor e generall y (se e Johnson -
Laird ,  1983) .  H o w e v e r  a  numbe r  o f  author s (e.g .  Evans , 
1993 )  sugges t  tha t  th e failur e t o provid e a n extensiv e 
accoun t  o f  th e effect s o f  varyin g proble m conten t  i s  a 
weaknes s i n th e theory .  I f  menta l  model s theor y i s t o 
provid e a  comprehensiv e accoun t  o f  reasonin g an d linguisti c 
performanc e the n thi s proble m mus t  b e addressed . 

Accordin g t o menta l  model s theory ,  i n deductiv e 
reasonin g task s th e subjec t  form s model s representin g eac h 
premise .  Th e informatio n containe d i n thes e initia l  model s 

^  W e us e th e ter m 'mode l  set '  t o describ e th e se t  o f  on e o r 
mor e individua l  model s tha t  subject s for m a s a  menta l 
representatio n o f  premis e information :  thi s avoid s th e 
ambiguit y o f  'menta l  model '  referrin g bot h t o individua l 
modeb tha t  contribut e t o a  menta l  representatio n an d t o th e 
whol e representatio n o f  premis e information .  Lik e Johnson -
Lair d an d Byrn e (1991 )  w e distinguis h betwee n initia l  mode l 
set s an d fleshed-ou t  mode l  set s a s tw o stage s i n mode l 
formation .  A t  eac h stag e th e mode l  set s ma y b e complet e (i.e . 
havin g a n exhaustiv e representatio n o f  al l  contingencies )  o r 
incomplete . 

i s  the n combine d t o for m on e mode l  fro m whic h 
conclusion s ca n b e drawn .  I n suc h task s factor s affectin g 
th e formatio n o f  model s an d th e drawin g o f  conclusion s ar e 
confounded .  I n orde r  t o stud y i n isolatio n th e effect s o f  rul e 
conten t  o n mode l  formatio n a  tas k i s require d i n v ^ c h th e 
subjec t  doe s no t  hav e t o manipulat e premis e informatio n t o 
dra w a  conclusion .  Rephrasin g betwee n logicall y equivalen t 
linguisti c form s (e.g .  C h e n g an d Holyoak ,  1985 ; 
Fillenbaum ,  1975 ,  1976 ;  Ormerod ,  Manktelo w an d Jones , 
1993 )  i s on e suc h task .  Fo r  example ,  a  subjec t  m a y b e give n 
th e rul e "I f  i t  i s  rainin g the n th e groun d i s no t  dry "  an d 
aske d t o produc e a  rephrasin g i n th e for m Either...or.. .  suc h 
as "Eithe r  i t  i s  rainin g o r  th e groun d i s dry" .  I f  subject s us e 
an initia l  mode l  se t  representin g th e firs t  rul e t o produc e a 
rephrasin g o f  i t  the n thei r  accurac y a t  rephrasin g rule s wil l 
reflec t  thi s initia l  mode l  formation .  B y presentin g rule s wit h 
differen t  rul e content s t o b e rephrase d th e effec t  o f  rul e 
conten t  o n initia l  menta l  mode l  formatio n ca n b e 
investigated . 

Th e experimen t  reporte d i n thi s pape r  examine s th e 
psychologica l  treatmen t  o f  conditiona l  (If...then... )  an d 
disjunctiv e (Either...or... )  form s i n a  rephrasin g task .  Thi s 
particula r  rephrasin g ha s no t  bee n previousl y reporte d i n th e 
literatur e althoug h ther e i s a  larg e bod y o f  researc h 
investigatin g conditiona l  an d disjunctiv e reasonin g 
separately .  Menta l  model s theor y alread y provide s account s 
of  disjunctiv e an d conditiona l  reasonin g wit h arbitrar y 
contents ;  th e rephrasin g tas k provide s dat a tha t  ca n b e use d 
t o exten d thes e account s t o includ e reasonin g wit h realisti c 
contents . 

Logical Equivalence of Conditionals and 

Disjunctive s 

A conditional of the form IfP then Q can be interpreted in 
tw o ways :  eithe r  a s a  biconditiona l  wher e I f  P  the n Q 
imphe s th e convers e I f Q the n P ,  o r  a s a n implicatio n wlier e 
Q ca n occu r  i n th e absenc e o f  P .  Similarly ,  a  disjunctiv e o f 
th e for m Eithe r  P  o r  Q  ca n b e interprete d i n tw o ways :  i t 
ca n b e exclusivel y interprete d a s Eithe r  P  o r  Q  bu t  no t  both , 
or  inclusivel y interprete d a s Eithe r  P  o r  Q  o r  both .  I f  trut h 
table s fo r  th e tw o form s ar e compare d (se e Johnson-Laird 
an d Byrne ,  1991 ,  p p 7-8 )  the n th e logica l  equivalenc e o f 
biconditional s an d exclusiv e disjunctive s an d o f 
implication s an d inclusiv e disjunctive s ca n b e observed . 
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A Menta l  M o d e l s A c c o u n t  o f  Conditiona l  a n d 

Disjunctiv e Reasonin g 

Johnson-Lair d an d Byrne' s (1991 )  menta l  model s theor y 
provide s a  plausibl e psychologica l  accoun t  o f  rephrasing . 
The theor y propose s tha t  subject s construc t  a n initial , 
possibl y incomplete ,  mode l  se t  o f  th e give n premises .  Thi s 
set  i s  the n fleshe d ou t  i f  necessar y t o provid e a  complet e 
model  se t  an d i s use d t o formulat e an d evaluat e possibl e 
inferences . 

For  example ,  give n th e premis e "I f  th e lette r  i s  A  the n th e 
number  i s 2 "  a n initia l  mode l  se t  a s show n belo w wil l  b e 
formed^: -

I f  a  subjec t  i s  give n th e furthe r  premis e T h e lette r  i s  no t 
A"  an d i s aske d wha t  follows ,  th e initia l  mode l  se t  ca n the n 
be fleshe d ou t  a s a  biconditiona l  o r  a s a n implicatio n a s 
shown below: -

[A ] 

[-A ] 

[A ] 

[-A ] 

[2 ] 

[-2 ] 

[2 ] 

[2 ] 

Biconditiona l 

Implicatio n 

H A] [-2 ] 

The biconditiona l  mode l  se t  support s th e conclusio n "Th e 
number  i s no t  2 "  whils t  th e implicatio n mode l  se t  support s 
no uniqu e conclusio n 

A simila r  accoun t  i s provide d fo r  disjunctiv e reasoning . 
For  example ,  give n th e premis e "Eithe r  th e lette r  i s  A  o r  th e 
number  i s no t  2 "  a  se t  o f  tw o initia l  model s a s show n belo w 
wil l  b e formed: -

I f  th e subjec t  i s  give n th e fiirthe r  premis e "Th e lette r  i s  A " 
and i s aske d wha t  follows ,  the n th e initia l  mode l  se t  ca n b e 
fleshe d ou t  i n tw o possibl e way s correspondin g t o exclusiv e 
or  inclusiv e interpretations: -

[A ] 

[-A] 

[2 ] 

[-2] 

Exclusiv e 

^  Johnson-Lair d an d Byrn e (1991 )  provid e a  notatio n fo r 
describin g menta l  model s i n whic h —•  denote s a  negate d 
component ,  •• •  denote s th e possibilit y  o f  furthe r  model s an d [  ] 
denote s th e exhaustiv e representatio n o f  on e contingenc y wit h 
respec t  t o anothe r  withi n th e mode l  set . 

[A ] 

[A] 

[-A] 

[2 ] 

[-2] 

[-2] 

Inclusiv e 

The exclusiv e mode l  se t  support s th e conclusio n "Th e 
number  i s no t  2 "  wiiils t  th e inclusiv e mode l  se t  support s n o 
uniqu e conclusion . 

The initia l  mode l  set s forme d fo r  logicall y equivalen t 
conditional s an d disjunctive s differ .  Conditional s hav e a 
singl e mode l  i n whic h bot h component s ar e represented , 
whils t  disjunctive s hav e tw o model s eac h representin g on e 
of  th e component s (se e als o Johnson-Laird ,  Byrn e an d 
Schaeken ,  1994 ,  Tabl e 1 ,  p424) .  Thu s i f  a  subjec t  form s a n 
initiall y  unfleshe d ou t  mode l  the n s/h e wil l  no t  b e abl e t o 
us e thi s t o produc e a  rephrasin g withou t  fleshin g i t  out . 

However  th e fleshe d ou t  mode l  set s fo r  logicall y 
equivalen t  conditional s an d disjunctive s ar e equivalent .  Fo r 
example ,  th e fleshe d ou t  mode l  se t  fo r  a  biconditiona l 
interpretatio n o f  "I f  th e lette r  i s  A  the n th e numbe r  i s 2 "  i s 
th e sam e a s th e mode l  set s fo r  exclusiv e interpretation s o f 
"Eithe r  th e lette r  i s  no t  A  o r  th e numbe r  i s no t  2 "  an d "Eithe r 
th e lette r  i s  A  o r  th e numbe r  i s no t  2" .  Wherea s i f  a n 
implicationa l  interpretatio n i s made ,  the n th e fleshe d ou t 
model  se t  forme d i s onl y identica l  t o th e mode l  se t  fo r  a n 
inclusiv e interpretatio n o f  "Eithe r  th e lette r  i s  no t  A  o r  th e 
number  i s 2 "  (se e Johnson-Lair d an d Byrne ,  1991 ,  pp43-51) . 
Thu s onl y full y  fleshe d ou t  menta l  mode l  set s suppor t  th e 
productio n o f  rephrasing s an d eve n the n th e numbe r  o f 
possibl e correc t  rephrasing s i s affecte d b y th e particula r 
interpretatio n made . 

Effects of Prior Knowledge on Rule Interpretation 

The truth-table analysis and mental models theory show 
h o w th e logica l  an d psychologica l  equivalenc e o f 
conditional s an d disjunctive s depend s upo n thei r 
interpretation .  Th e literatur e indicate s tw o factor s tha t 
affec t  th e interpretatio n o f  conditionals :  familiarit y an d 
causality . 

Markovit s (1986 )  foun d tha t  unfamilia r  conditional s wer e 
mor e likel y t o b e interprete d a s biconditionals .  H e argue d 
tha t  fo r  familia r  conditional s subject s mor e easil y generat e 
example s o f  th e consequen t  occurrin g withou t  th e 
antecedent .  Therefore ,  the y ar e mor e likel y t o interpre t  a 
familia r  conditiona l  a s a n implicatio n an d a n unfamilia r 
conditiona l  a s a  biconditional .  I t  seem s tha t  prio r 
knowledg e o f  specifi c  instance s discourage s a  biconditiona l 
interpretation .  Marcu s &  Rip s (1979 )  foun d tha t 
biconditiona l  interpretation s wer e mor e likel y fo r  causa l 
rathe r  tha n non-causa l  conditionals .  A  simila r  explanatio n 
t o tha t  propose d b y Markovit s ca n als o accoun t  fo r  thi s 
finding ,  invokin g genera l  rathe r  tha n specifi c  knowledge . 
Peopl e hav e genera l  knowledg e abou t  causa l  relationships , 
notabl y tha t  th e consequen t  doe s no t  usuall y occu r  i n th e 
absenc e o f  th e anteceden t  i n causa l  events .  Thus ,  genera l 
knowledg e abou t  causalit y direct s th e subjec t  t o for m a 
biconditiona l  interpretation . 

Severa l  factor s affec t  th e interpretatio n o f  disjunctives . 
For  example ,  Newstead ,  Griggs ,  &  Chrostowsk i  (1984 ) 
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foun d tha t  alterin g th e contex t  le d t o differen t  interpretation s 
of  disjunctives .  Fo r  example ,  a  threa t  contex t  le d t o mor e 
exclusiv e interpretation s tha n a  qualificatio n context .  I t  i s 
likel y tha t  knowledg e o f  specifi c  an d genera l  case s direct s 
th e interpretatio n o f  disjunctive s i n a  simila r  w a y t o 
conditionals . 

Mental Models and Thematic Content 

If Johnson-Laird and Byrne's (1991) mental models theory 
i s t o provid e a  comprehensiv e accoun t  the n i t  mus t  explai n 
th e effect s o f  themati c content .  Althoug h th e existin g 
menta l  model s accoun t  o f  th e effect s o f  conten t  o n 
reasonin g i s incomplet e (se e Evans ,  1993 )  i t  doe s provid e a n 
accoun t  o f  th e effect s o f  causa l  content . 

For  conditional s expressin g causa l  relationships ,  Johnson -
Lair d an d Byrn e stat e tha t  "genera l  knowledg e inform s th e 
choic e o f  wha t  t o represen t  i n th e models "  (1991 ,  p70) . 
The y propos e tha t  th e subjec t  form s a n initia l  mode l  se t 
representin g th e actua l  an d counterfactua l  situation s 
associate d wit h th e causa l  relationship .  Thi s i s consisten t 
wit h th e proposa l  tha t  causa l  conten t  evoke s genera l  prio r 
knowledg e directin g th e subjec t  t o a  biconditiona l 
interpretation .  Fo r  example ,  i f  th e subjec t  i s  give n a  causa l 
assertio n suc h a s "I f  th e vas e hadn' t  bee n droppe d the n i t 
wouldn' t  hav e broken" ,  the n th e possibilit y  o f  on e even t 
occurrin g i n th e absenc e o f  th e othe r  i s no t  considere d an d 
th e mode l  se t  i s  buil t  accordingly: -

[dropped ]  [broken ] Actua l 

Counterfactual [- 1 dropped ]  [- i  broken ] 

Although Johnson-Laird and Byrne do not explicitly 
describ e h o w familia r  conten t  (i.e .  specifi c  prio r  knowledge ) 
affect s th e menta l  model s formed ,  on e migh t  propos e a 
simila r  accoun t  t o tha t  fo r  causahty .  I f  th e subjec t  i s  give n a 
rul e wit h unfamilia r  conten t  suc h a s "I f  th e quar k i s blu e 
the n th e schmid t  numbe r  i s  10" ,  the n s/h e wil l  hav e n o prio r 
knowledg e o f  occasion s whe n th e schmid t  numbe r  i s 1 0 bu t 
th e quar k i s no t  blue .  S/h e wil l  b e unlikel y t o conside r  thi s 
contingency ,  an d wil l  for m a n initia l  mode l  se t  reflectin g it s 
absence: -

[blue ] [10 ] 

Th e exhaustiv e representatio n o f  affirmativ e anteceden t 
an d consequen t  component s i n thi s initia l  mode l  se t 
represent s a n assumption ,  followin g fro m th e subject' s 
failur e t o conside r  al l  contingencies ,  tha t  th e schmid t 
number  i s 1 0 onl y whe n th e quar k i s blue .  Thi s initia l 
model  se t  ca n onl y b e fleshed  ou t  i n a  manne r  consisten t 
wit h a  biconditiona l  interpretation: -

[blue ] [10 ] 

[-.blue ]  [-,10 ] 

Thus, Markovits' findings concerning unfamiliar content 
and Marcu s &  Rips '  findings  concernin g causalit y ca n bot h 
be accounte d fo r  b y menta l  model s theory .  I f  th e conten t  i s 
causal ,  then  subject s incorporat e genera l  prio r  knowledg e 

int o thei r  mode l  sets ,  wherea s i f  th e conten t  i s unfamilia r  i t 
i s  th e absenc e o f  specifi c  prio r  knowledg e tha t  influence s 
th e mode l  se t  formed .  I n bot h cases ,  subject s buil d initia l 
model  set s tha t  ca n onl y b e fleshed  ou t  i n a  wa y consisten t 
wit h a  biconditiona l  interpretation . 

Thi s analysi s suggest s tha t  familiarit y an d causaht y affec t 
th e formatio n o f  initia l  mode l  set s rathe r  than  thei r 
subsequen t  fleshing-out.  I t  als o seem s probabl e tha t  th e 
initia l  mode l  set s determin e performanc e i n a  rephrasin g 
task .  Thus ,  manipulatin g th e familiarit y an d causalit y o f 
rul e conten t  i s likel y t o hav e a  larg e effec t  o n rephrasin g 
performance . 

The Experiment 

Thi s experimen t  investigate d effect s o f  familiarit y an d 
causalit y o n rephrasin g betwee n conditional s an d 
disjunctives .  Subject s receive d a  tas k i n whic h the y wer e 
require d t o rephras e a  give n conditiona l  int o a  disjunctiv e o r 
vic e versa . 

The initia l  mode l  set s fo r  disjunctive s an d conditional s ar e 
not  equivalen t  wherea s th e fleshed  ou t  set s are .  Thu s i f  a n 
incomplet e initia l  mode l  se t  i s  forme d i t  wil l  nee d t o b e 
fleshed  ou t  i n orde r  t o produc e a  rephrasing .  Fleshin g ou t  o f 
menta l  mode l  set s place s a  cognitiv e loa d o n th e subjec t  an d 
ca n lea d t o errors .  Thu s rephrasin g performanc e shoul d b e 
wors e whe n th e rul e conten t  i s unfamiUa r  o r  non-causa l  an d 
th e initia l  mode l  set s nee d t o b e fleshed  out . 

Anothe r  predictio n abou t  rephrasin g performanc e als o 
emerge s fro m th e effec t  o f  conten t  o n initia l  mode l  se t 
formation .  O n e o f  th e principle s o f  menta l  model s theor y i s 
tha t  th e mor e model s tha t  ar e forme d th e greate r  th e loa d o n 
workin g memory ,  wit h consequen t  reduction s i n reasonin g 
performance .  I f  on e initia l  mode l  i s forme d fo r  a 
conditiona l  an d tw o initia l  model s ar e forme d fo r  a 
disjunctive ,  the n on e ca n predic t  a n asymmetr y i n 
rephrasin g performance :  rephrasin g wil l  b e harde r  from a 
disjunctiv e int o a  conditiona l  tha n whe n th e rephrasin g i s i n 
th e opposit e direction .  Thi s asymmetr y shoul d b e observe d 
when th e initia l  mode l  se t  i s  no t  fleshed  out ,  i n othe r  word s 
when th e conten t  i s  non-causa l  an d unfamiliar . 

Method 

Subjects. Seventy one students from Loughborough 
Universit y participate d i n th e stud y a s par t  o f  a  first  yea r 
cours e i n Experimenta l  Psychology . 

Materials and Design. Four factors were manipulated in 
thi s experiment .  Th e firs t  wa s th e between-subject s facto r 
of  causality :  subject s wer e randoml y assigne d t o rephras e 
eithe r  causa l  rule s o r  non-causa l  rules .  Th e othe r  factor s 
wer e al l  within-subjects .  Th e first  o f  thes e wa s familiarity : 
subject s receive d bot h familia r  (everyda y situations )  an d 
unfamilia r  (chemica l  processes )  rule s t o rephrase .  Th e rule s 
wer e rate d fo r  familiarit y an d causalit y b y tw o independen t 
judges ,  whos e judgement s agree d 1 0 0 % wit h ou r  own .  Th e 
secon d within-subject s facto r  wa s th e origina l  rule :  subject s 
generate d disjunctiv e rephrasing s from  a n origina l 
conditiona l  an d vic e versa .  Th e final  facto r  wa s polarity :  fo r 

722 



eac h typ e (e.g .  familia r  causa l  disjunctives )  subject s wer e 
presente d wit h th e fou r  possibl e combination s o f  negate d 
components .  Therefore ,  i n total ,  eac h subjec t  rephrase d 
sixtee n rules . 

Procedure. The experiment was presented in a booklet 
containin g instruction s followe d b y th e sixtee n trials ,  on e 
p ^  page ,  i n a  differen t  randomise d (x-de r  fo r  eac h subject . 

Subject s wrot e thei r  rephrasing s i n th e bookle t  a t  thei r 
own pace ,  bu t  wer e unabl e t o chang e answer s i n th e Ugh t  o f 
subsequen t  rephrasings .  Th e duratio n o f  th e experimen t  wa s 
20 minutes . 

Results and Discussion 

Subjects' attempted rephrasings were judged correct if they 
coul d b e judge d logicall y equivalen t  t o th e origina l  rul e 
accordin g t o an y possibl e interpretatio n o f  tha t  origina l  rule . 
Thus fo r  eac h rul e tw o possibl e form s o f  rephrasin g wer e 
allowed .  Also ,  implici t  a s wel l  a s explici t  negative s wer e 
allowed ,  fo r  exampl e "in "  wa s allowe d i n plac e o f  "no t  out" . 
Tabl e 1  summarise s th e dat a obtaine d fro m thi s experimen t 
i n term s o f  averag e percentag e o f  correc t  rephrasing s fo r 
eac h origina l  rul e an d content .  Thes e dat a wer e subjecte d t o 
an analysi s o f  varianc e t o tes t  fo r  mai n effect s o f  an d 
interaction s betwee n origina l  rule ,  familiarit y an d causality . 

Original Rule There was a significant main effect of 
origina l  rule ,  F(l ,  69)=4.22 ,  p<0.05 .  Performanc e wa s 
bette r  whe n rephrasin g from  a  conditiona l  (7 6 J  7 c correct ) 

tha n from  a  disjunctiv e (72.1 % correct) .  Rephrasin g from  a 
disjunctiv e i s harde r  tha n from  a  conditiona l  becaus e th e 
tw o model s represente d i n th e initia l  mode l  se t  fo r  a 
disjunctiv e plac e a  greate r  loa d o n workin g memor y tha n th e 
singl e mode l  fo r  a  conditional .  A s predicte d thi s effec t  wa s 
greates t  fo r  non-causa l  an d unfamilia r  content ,  i n othe r 
words ,  w h e n th e initia l  mode l  wa s predicte d t o b e 
incomplete . 

Familiarity .  Ther e wa s a  significan t  mai n effec t  o f 
familiarity ,  F(l ,  69)=34.37 ,  /7<0.001 .  Rephrasin g from 
familia r  rule s (81.5 % correct )  wa s significantl y bette r  tha n 
rephrasin g from  unfamilia r  rule s (67.2 % correct) .  Th e 
presenc e o f  unfamilia r  conten t  lead s t o th e formatio n o f 
incomplet e initia l  mode l  sets ,  whic h make s subsequen t 
rephrasin g harde r  becaus e th e subjec t  mus t  attemp t  t o fles h 
out  th e mode l  set .  Fleshin g ou t  mode l  set s increase s th e 
processin g loa d face d b y subjects ,  thereb y increasin g th e 
UkeUhood o f  errors .  Thu s rephrasin g performanc e i s wors e 
i n th e presenc e o f  unfamilia r  conten t  v^e n th e initia l  menta l 
model  i s  incomplet e an d mus t  b e fleshe d out . 

Ther e wa s als o a  significan t  two-wa y interactio n betwee n 
origina l  rul e an d familiarity ,  F(l ,  69)=65.44 ,  p<0.001 . 
Rephrasin g fro m disjunctive s wa s bette r  •whe n th e conten t 
was familia r  (88.5 % correct )  tha n whe n i t  wa s unfamilia r 
(55.7 % correct) .  Thi s effec t  o f  familiarit y wa s no t  see n i n 
rephrasin g fro m conditional s (74.7 % correc t  -  familiar , 
78.8 % correc t  -  unfamiliar) . 

Familia r  rul e conten t  shoul d invok e specifi c  knowledg e 
whic h cause s secondar y addition s t o th e initia l  model s se t 

Tabl e 1 :  M e a n percentage s o f  correc t  rephrasing s obtaine d i n th e experiment . 

Initial Rule Familiarity Causality Example Rule Mean % 
Correc t 

Model  Se t 

Familia r 

Causa l  I f  th e mil k i s lef t  ou t  o f  th e fridg e 
the n i t  wil l  g o of f 

85. 6 [out ]  [off ] 
[-.out ]  [-.off ] 

Non-causa l  I f  i t  i s a  satsum a the n i t  i s  orang e 63. 7 satsum a orang e 

Conditiona l 

Unfamilia r 

Causa l  I f  th e ethano l  passe s throug h a 
separato r  the n chlorat e wil l  b e 
remove d 

85. 0 [pass ]  [remove ] 
[- .  pass ]  [- .  remove ] 

Familia r 

Disjunctiv e 

Non-causa l  I f  a  soli d contain s chlorid e the n i t 
absorb s wate r 

Causal Either you drink a bottle of 
whisk y o r  yo u wil l  sta y sobe r 

Non-causal Either it is a frog or it walks 

Causa l  Eithe r  th e hypersorbe r  contain s 
hydroge n o r  th e channe l  wil l  emi t 

Unfamilia r  benzen e 

Non-causal Either the gas is ammonia or its 
Schmid t  numbe r  i s 0. 8 

72. 6 

93. 8 

83. 1 

66. 9 

44. 4 

[chloride ] 

[drink ] 
[-.drink ] 

[frog ] 
[-frog ] 

[contain ] 
[- .  contain ] 

ammoni a 

[absorbs ] 

[- 1 sober ] 
[sober ] 

[- .  walks ] 
[walks ] 

[- 1 emit ] 
[emit ] 

0. 8 
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forme d b y th e representatio n o f  th e rul e syntax .  T w o ,  albei t 
incomplete ,  model s emerg e throug h th e representatio n o f  a 
disjunctive' s syntax .  Fo r  example ,  give n th e rul e "Eithe r  i t 
i s  a  flaming o o r  i t  i s  no t  pink" ,  representatio n o f  th e synta x 
alon e give s th e followin g incomplet e initia l  mode l  set: -

flaming o 

I  pin k 

Th e effec t  o f  familia r  conten t  wil l  b e t o ad d th e missin g 
component s o f  th e existin g model s i n th e initia l  mode l  se t 
(i.e .  subject s hav e specifi c  knowledg e tha t  flamingo s ar e 
pin k an d tha t  thing s tha t  ar e no t  pin k canno t  b e flamingos): -

[flamingo] [pink] 

[-1 flamingo] [-1 pink] 

On the other hand, given the conditional "If it is a 
flaming o the n i t  i s  pink" ,  representatio n o f  th e synta x alon e 
give s onl y a  singl e mode l  i n th e initia l  mode l  set: -

flamingo pink 

Th e negativ e contingenc y i s no t  represente d i n thi s initia l 
model  set ,  an d th e presenc e o f  familia r  conten t  abou t  pin k 
flamingos  doe s no t  encourag e th e subjec t  t o conside r  thing s 
tha t  ar e no t  flamingos  o r  thing s tha t  ar e no t  pink .  Thu s 
familia r  conten t  doe s no t  ad d model s t o th e initia l  mode l  set , 
bu t  onl y complete s partia l  model s tha t  ar e alread y 
represented . 

Causality. There was a significant main effect of causality, 
F(l ,  69)=16.02 ,  p<0.001 .  Rephrasin g fro m causa l  rule s 
(82.8 % correct )  wa s significantl y bette r  tha n rephrasin g 
from  non-causa l  rule s (66.0 % correct) .  Th e presenc e o f 
non-causa l  conten t  lead s t o th e formatio n o f  incomplet e 
initia l  mode l  set s makin g subsequen t  rephrasin g harde r 
becaus e o f  th e nee d t o flesh  ou t  th e mode l  set .  Thi s effec t  o f 
causalit y wa s stronges t  whe n th e origina l  rul e wa s a 
conditional ,  wit h a  smalle r  effec t  whe n i t  wa s a  disjunctive . 
Johnson-Lair d an d Byrn e (1991 )  argu e tha t  th e presenc e o f 
causa l  conten t  lead s t o th e explici t  representatio n o f 
counterfactua l  contingencie s i n th e initia l  mode l  se t  o f 
conditionals .  Thus ,  th e representatio n o f  causa l  conten t 
create s n s w model s i n th e initia l  mode l  se t  fo r  a  conditional , 
enablin g it s completion .  Th e smalle r  effec t  o f  causalit y o n 
disjunctive s m a y simpl y b e becaus e a  partia l  representatio n 
of  a  counterfactua l  mode l  alread y exist s i n th e 
representatio n o f  th e disjunctiv e syntax . 

Summary 

Johnson-Laird and Byrne's (1991) mental models theory 
appear s t o provid e a  parsimoniou s an d coheren t  accoun t  o f 
rephrasin g performance .  T w o factor s contribut e t o a n initia l 
model  set :  representin g th e syntacti c for m o f  th e origina l 
rule ,  an d representin g th e themati c conten t  embodie d i n th e 
rule .  Effect s o f  familiarit y an d causalit y ca n b e explaine d a s 
secondar y addition s t o th e initia l  mode l  se t  create d b y 
representin g th e rul e syntax .  Tabl e 1  show s th e menta l 

model s forme d fo r  differen t  combination s o f  rul e for m an d 
rul e content .  Th e effec t  o f  causa l  conten t  is ,  a s suggeste d b y 
Johnson-Lair d an d Byrn e (1991) ,  t o ad d a n additiona l  mode l 
representin g th e counterfactua l  contingenc y t o th e initia l 
model  se t  o f  a  conditional .  W h e n th e initia l  rul e i s a 
disjunctiv e a  partia l  counterfactua l  mode l  i s include d i n th e 
representatio n o f  th e rul e syntax .  Therefor e causa l  conten t 
doe s no t  ad d extr a model s t o th e initia l  mode l  se t  fo r  a 
disjunctive .  Th e effec t  o f  familia r  conten t  i s  t o complet e th e 
partia l  model s withi n th e initia l  mode l  se t  representin g th e 
rul e syntax .  Familia r  conten t  doe s not ,  i n itself ,  ad d ne w 
model s t o th e initia l  mode l  set . 
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