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Abstrac t 

When peopl e thin k abou t  wha t  migh t  hav e been ,  the y 
construc t  a  menta l  representatio n o f  th e actua l  stat e o f  affairs , 
and the y generat e a n imaginar y alternativ e b y carryin g ou t 
minima l  mutation s t o it .  Whe n the y thin k abou t  ho w a n 
undesirabl e outcom e migh t  hav e bee n avoided ,  the y mutat e 
th e event s leadin g t o th e outcom e i n regula r  ways ,  fo r 
example ,  the y und o th e mor e recen t  even t  i n a  serie s o f 
independen t  events .  W e describ e a  compute r  simulatio n o f  th e 
cognitiv e processe s tha t  underli e thes e effect s o f  temporalit y 
on counterfactua l  thinkin g tha t  i s  base d o n th e ide a tha t 
reasoner s construc t  contextualize d models .  W e repor t  th e 
result s o f  tw o experiment s tha t  sho w tha t  th e temporalit y 
effec t  arise s becaus e th e firs t  even t  provide s th e contex t 
agains t  whic h subsequen t  event s ar e interpreted .  Th e 
experiment s sho w tha t  whe n th e contextualizin g rol e o f  th e 
first  even t  i s decouple d fro m it s tempora l  orde r  th e effec t  i s 
eliminated ,  fo r  bot h ba d an d goo d outcomes .  Th e result s rul e 
out  a n alternativ e explanatio n base d o n th e ide a tha t  th e mor e 
recen t  even t  i s 'fresh '  i n mind .  Th e contex t  effec t  i n tempora l 
mutabilit y ma y she d ligh t  o n th e remainin g primar y 
phenomena o f  counterfactua l  thinking . 

Thinking about Imaginary Situations 

Thinkin g abou t  wha t  migh t  hav e bee n — counterfactua l 
thinkin g ~  depend s o n th e compariso n o f  a n even t  wit h a n 
imaginar y alternative .  Peopl e thin k abou t  wha t  migh t  hav e 
bee n whe n the y mul l  ove r  th e past ,  imaginin g h o w a 
situatio n coul d hav e turne d ou t  differently ,  e.g. , 

1. If I had chosen a 4 instead of a 5,1 would have won the 
lottery . 

They also engage in similar hypothetical thinking when they 
speculat e abou t  th e future ,  e.g. : 

2. If I were to buy lots of tickets, my chances of winning 
th e lotter y woul d b e better . 

Counterfactual thinking allows us to think about situations 
tha t  ar e differen t  fro m th e actua l  on e an d t o g o beyon d 
reflection s abou t  th e actua l  pas t  o r  th e predictabl e future .  I t 
i s  closel y relate d t o conditiona l  reasonin g (e.g. ,  Byrne , 

1989a ;  1989b ;  Byrn e an d Johnson-Laird ,  1992 )  an d t o 
suppositiona l  reasonin g (e.g. ,  Byrne ,  Handley ,  an d Johnson -
Laird ,  1995) .  But ,  th e essenc e o f  counterfactua l  though t  i s 
th e c o m p a r i s o n betwee n a n actua l  situatio n an d a 
temporaril y  suppose d counterfactua l  on e (e.g ,  Byrn e an d 
Tasso ,  1994) . 

Thinkin g abou t  imaginar y alternative s i s centra l  t o higher -
leve l  cognitio n — proble m solving ,  creativity ,  reasoning ,  an d 
decision-makin g (e.g. ,  Ginsberg ,  1986 ;  Macrae ,  1992 ; 
Mille r  an d McFarland ,  1987 ;  Roese ,  1994) .  I t  underlie s th e 
constructio n o f  sub-goal s i n problem-solving ;  i t  underlie s 
plannin g an d intention ,  an d thu s th e concept s o f  chang e an d 
improvemen t  a t  th e hear t  o f  creativity ;  an d i t  underlie s th e 
searc h fo r  counterexample s i n reasoning ,  tha t  is ,  th e searc h 
fo r  alternativ e situation s i n whic h th e premise s o f  a n 
argumen t  coul d b e tru e bu t  th e conclusio n false . 

Th e primar y purpos e o f  counterfactua l  thinkin g i s t o 
enabl e u s t o learn .  W e carr y ou t  comparison s betwee n 
factua l  an d imaginar y situation s t o wor k ou t  h o w a  chose n 
situatio n coul d hav e turne d ou t  bette r  (o r  worse )  an d s o w e 
hav e th e capacit y t o lear n fro m ou r  mistake s (o r  ou r  goo d 
fortune) .  A s a  result ,  w e ca n develo p ou r  o w n theorie s o f  th e 
cause s o f  a n outcome ,  an d h o w t o avoi d simila r  outcome s i n 
th e future .  Indeed ,  counterfactua l  thinkin g m a y underli e 
causa l  understandin g (e.g. ,  Chisholm ,  1946 ;  G o o d m a n , 
1973 ;  Mackie ,  1973 ;  Skyrms ,  1980) ,  an d causa l  attribution s 
(e.g. ,  McGil l  an d Klein ,  1993 ;  Well s an d Gavanski ,  1989) , 
and i t  i s crucia l  t o scientific ,  legal ,  an d socia l  progres s (fo r  a 
revie w se e K a h n e m a n an d Miller ,  1986) .  Moreover , 
counterfactua l  thinkin g give s ris e t o emotiona l  experience s 
suc h a s regret ,  blame ,  guilt ,  an d worry ,  a s wel l  a s hope , 
surprise ,  relief ,  an d wonde r  (e.g. .  Landman ,  1987 ;  Johnson , 
1986) .  Thes e emotion s emerg e fro m th e compariso n o f  a n 
actua l  situatio n t o a n imaginar y alternative .  Th e function s 
of  counterfactua l  thinkin g ar e varie d an d wide-spread ,  an d 
we sugges t  tha t  it s ke y purpos e i s t o releas e th e h u m a n 
min d fro m th e limitation s o f  facts .  W h a t  th e min d doe s 
when i t  engage s i n counterfactua l  thinkin g i s t o compar e 
fact s t o thei r  imaginar y alternatives . 

T wo ke y question s hav e bee n addresse d i n tryin g t o 
understan d counterfactua l  thinking .  O n e concern s h o w w e 
m a ke inference s fro m imaginar y situations ,  an d i n 
particular ,  whethe r  counterfactua l  reasonin g i s  simila r  t o 
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factua l  reasonin g (e.g. ,  Byrn e an d Tasso ,  1994 ;  Lewis , 
1973 ;  Stalnaker ,  1968) .  Th e othe r  concern s h o w w e generat e 
imaginar y scenario s (e.g. ,  Kahnema n an d Tversky ,  1982 ; 
Kahneman an d Miller ,  1986) .  I t  i s  thi s secon d questio n tha t 
we focu s o n i n th e curren t  paper . 

W h en peopl e und o a n actua l  situatio n t o creat e a n 
imaginar y one ,  thei r  mutation s ar e systemati c an d minima l 
(e.g. .  Pollock ,  1986) .  W h e n the y thin k abou t  h o w a n 
outcom e coul d hav e turne d ou t  differently ,  the y ten d t o und o 
exceptiona l  features ,  tha t  is ,  action s tha t  ar e unusua l  fo r  th e 
specifie d perso n rathe r  tha n action s tha t  ar e routin e fo r  the m 
(e.g. ,  K a h n e m a n an d Tversky ,  1982) ,  althoug h th e 
exceptionalit y effec t  i s  modulate d b y h o w exceptiona l  th e 
outcom e itsel f  i s  (e.g. ,  Gavansk i  an d Wells ,  1989 ;  Bouts , 
Spears ,  an d V a n de r  Pligt ,  1992) .  Peopl e ten d t o und o th e 
first  caus e i n a  causa l  sequenc e tha t  le d t o th e outcom e 
rathe r  tha n subsequen t  cause s (e.g. .  Wells ,  Taylor ,  an d 
Turtle ,  1987) .  The y ten d t o und o action s tha t  a  perso n 
carrie d out ,  e.g .  switchin g stoc k t o a  (subsequentl y 
deteriorating )  company ,  rathe r  tha n inactions ,  e.g. ,  leavin g 
stoc k i n a  (subsequentl y deteriorating )  compan y (e.g. , 
Kahneman an d Tversky ,  1982 ;  Landman ,  1987) .  The y und o 
event s unde r  a n individual' s voluntar y control ,  e.g. ,  stoppin g 
at  a  pu b fo r  a  drink ,  rathe r  tha n event s outsid e thei r  control , 
e.g. ,  a  falle n tre e i n th e roa d (e.g. ,  Girotto ,  Legrenzi ,  an d 
Rizzo ,  1991) .  Finally ,  the y ten d t o und o th e mos t  recen t 
actio n o r  even t  rathe r  tha n a n earlie r  on e i n a n independen t 
sequenc e o f  event s (Mille r  an d Gunasegaram ,  1990) . 

Most  researcher s agre e tha t  th e mutabilit y  o f  a n elemen t 
i n a  representatio n -  h o w eas y i t  i s  t o und o tha t  aspec t  o f 
th e representatio n — depend s o n h o w eas y i t  i s  t o thin k o f 
alternative s t o it .  Th e questio n the n becomes ,  wha t 
determine s h o w eas y i t  i s  t o thin k o f  a n alternativ e t o a 
particula r  elemen t  i n a  representation ? Ou r  ai m i n th e 
curren t  pape r  i s t o outlin e a  theor y o f  counterfactua l 
thinkin g tha t  answer s thi s question .  W e wil l  sketc h a 
computationa l  simulatio n tha t  capture s th e spiri t  o f  th e 
theory ,  an d repor t  th e result s o f  tw o experiment s tha t  tes t  it s 
claims .  W e wil l  describ e th e theor y wit h referenc e t o Mille r 
and Gunasegaram' s temporalit y effect ,  an d s o i t  i s  t o a  mor e 
detaile d descriptio n o f  thi s effec t  tha t  w e no w turn . 

Temporal Mutability 

Conside r  th e followin g scenari o (fro m Mille r  an d 
Gunasegaram ,  1990 ,  p .  1111) : 

3. Imagine two individuals (Jones and Cooper) who are 
offere d th e followin g ver y attractiv e proposition .  Eac h 
individua l  i s  aske d t o tos s a  coin .  I f  th e tw o coin s com e 
up th e sam e (bot h head s o r  bot h tails) ,  eac h individua l 
win s £1,000 .  However ,  i f  th e tw o coin s d o no t  com e u p 
th e same ,  neithe r  individua l  win s anything .  Jones  goe s 
first  an d tosse s a  head ;  Coope r  goe s nex t  an d tosse s a 
tail .  Thus ,  th e outcom e i s tha t  neithe r  individua l  win s 
anything . 

When asked to undo the outcome, more than 80% of 
subject s agree d tha t  th e alternativ e o f  Coope r  tossin g a  hea d 
came mor e readil y t o min d tha n Jone s tossin g a  tai l  (Mille r 
and Gunasegaram ,  1990) .  The y als o judge d tha t  Coope r 
woul d experienc e mor e guilt ,  an d woul d ten d t o b e blame d 

mor e b y Jones .  Logically ,  o f  course ,  neithe r  part y shoul d b e 
considere d mor e mutable ,  o r  mor e likel y t o experienc e an y 
mor e guil t  o r  desir e t o blam e tha n th e other ,  becaus e th e 
even t  i s on e o f  chance .  Th e temporalit y effec t  ha s bee n 
postulate d t o pla y a  rol e i n man y everyda y judgements ,  suc h 
as th e tendenc y fo r  blackjac k player s t o b e avers e t o playin g 
on th e las t  box ,  th e tendenc y fo r  team s t o spor t  thei r  faste r 
runne r  las t  i n a  rela y race ,  an d fo r  peopl e t o wage r  mor e o n 
thei r  prediction s tha n thei r  postdiction s (Mille r  an d 
Gunasegaram ,  1990) . 

We sugges t  tha t  temporalit y affect s mutabilit y  becaus e o f 
th e mechanism s tha t  underli e th e constructio n o f  menta l 
representation s o f  actua l  an d imaginar y situations .  Wha t 
cognitiv e mechanism s coul d giv e ris e t o th e temporalit y 
effect ? W e sugges t  tha t  earlie r  event s i n a  sequenc e 
provid e th e contex t  agains t  whic h subsequen t  event s ar e 
interpreted .  W h e n reasoner s construc t  a  mode l  o f  a  situation , 
the y tr y t o represen t  a s littl e a s possibl e becaus e o f  workin g 
memory constraints ,  an d s o som e informatio n i s represente d 
explicitl y  an d som e informatio n i s represente d onl y 
implicitl y  (se e Johnson-Lair d an d Byrne ,  1991) .  W e sugges t 
tha t  i n scenario s suc h a s th e coin-tos s one ,  th e earlie r  even t 
i n a  sequenc e initialize s th e model ,  tha t  is ,  i t  identifie s 
what  th e mode l  i s abou t  an d provide s th e cornerston e o f  it s 
foundation .  I n thi s way ,  th e earlie r  even t  i n a  sequenc e 
provide s th e contex t  tha t  ensure s th e coherenc y o f  th e 
model .  Th e contextualizin g even t  i n a  mode l  m a y configur e 
and constrai n th e subsequen t  element s tha t  ar e inserte d int o 
it .  I n everyda y thinking ,  people' s model s ma y b e 
continuall y changin g t o dea l  wit h ne w situations ,  an d th e 
cornerston e o f  a  ne w situatio n m a y initializ e a  ne w model . 
Becaus e th e earl y even t  i n th e coin-tossin g scenari o 
provide s th e foundatio n ston e o f  th e model ,  i t  canno t  b e 
mutate d withou t  weakenin g th e entir e structure .  Fo r 
example ,  whe n reasoner s attemp t  t o und o th e outcom e tha t 
neithe r  individua l  w o n an y m o n e y i n th e coin-tossin g 
scenario ,  the y coul d flesh-out  thei r  model s t o b e consisten t 
wit h a  numbe r  o f  counterfactua l  scenarios ,  e.g ,  Jone s coul d 
hav e tosse d tail s instea d o f  heads ;  o r  alternatively .  Coope r 
coul d hav e tosse d head s instea d o f  tails .  But ,  th e temporalit y 
effec t  show s tha t  peopl e ten d t o flesh-out  thei r  model s t o b e 
consisten t  wit h jus t  on e o f  th e options :  th e on e i n whic h th e 
contextualizin g elemen t  o f  th e mode l  — th e first  even t  — i s 
lef t  untouched . 

We sugges t  tha t  i t  i s  possibl e t o de-coupl e th e 
contextualizin g rol e o f  th e first  even t  fro m it s positio n i n th e 
sequence .  I f  ou r  explanatio n base d o n contextualize d model s 
i s correct ,  the n a  separat e contex t  even t  prio r  t o th e tw o 
targe t  event s shoul d resul t  i n bot h th e first  an d secon d targe t 
even t  bein g perceive d t o b e equall y mutable .  W e 
constructe d scenario s base d o n th e followin g sor t  o f  content : 

4. Imagine two individuals (Jones and Brady) who take 
par t  i n a  televisio n gam e show ,  o n whic h the y ar e 
offere d th e followin g ver y attractiv e proposition .  Eac h 
individua l  i s  give n a  shuffle d dec k o f  cards ,  an d eac h 
one pick s a  car d fro m thei r  o w n deck .  I f  th e tw o card s 
the y pic k ar e o f  th e sam e colou r  (i.e .  bot h fro m blac k 
suit s o r  bot h fro m re d suits )  eac h individua l  win s 
£1,000 .  However ,  i f  th e tw o card s ar e no t  th e sam e 
colour ,  neithe r  individua l  win s anything . 

386 



Jone s goe s firs t  an d pick s a  blac k car d from  hi s deck . 
At  thi s point ,  th e game-sho w hos t  ha s t o sto p th e gam e 
becaus e o f  a  technica l  difficulty .  Afte r  a  fe w minutes , 
th e technica l  proble m i s solve d an d th e gam e ca n b e 
restarted .  Jone s goe s firs t  again ,  an d thi s tim e th e cur d 
tha t  h e draw s i s a  re d card .  Brad y goe s nex t  an d th e 
car d tha t  h e draw s i s a  blac k card .  Thus ,  th e outcom e i s 
tha t  neithe r  individua l  win s anything . 

The technical hitch device allows us to manipulate the 
stage-settin g independentl y o f  th e play s o f  th e first  an d 
secon d player .  Accordin g t o ou r  explanation ,  th e firs t 
player s pre-hitc h choic e provide s th e contex t  agains t  whic h 
th e subsequen t  event s ar e interpreted .  Eithe r  o f  th e post -
hitc h event s i s a n initia l  candidat e fo r  mutability .  Reasoner s 
comput e th e similarit y o f  th e event s t o th e context :  eac h o f 
th e post-hitc h event s shar e som e propertie s wit h th e contex t 
and diffe r  fro m i t  o n other s -  th e first  even t  share s th e sam e 
playe r  wit h th e context ,  bu t  differ s i n th e colou r  o f  th e car d 
drawn ;  th e secon d even t  share s th e colou r  o f  th e car d draw n 
wit h th e context ,  bu t  differ s i n th e identit y o f  th e playe r 
(an d fo r  simplicity ,  w e assum e tha t  th e playe r  an d th e colou r 
of  th e car d draw n ar e equall y  salient) .  Becaus e th e event s 
ar e bot h dissimila r  fro m th e context ,  eithe r  on e i s mutable . 
We predic t  tha t  th e temporalit y effec t  wil l  b e eliminate d fo r 
thi s sor t  o f  scenario .  I n th e nex t  sectio n w e repor t 
computationa l  an d experimenta l  evidenc e i n suppor t  o f  thi s 
view . 

The Production of Imaginary Models 

We hav e writte n a  compute r  progra m i n LIS P t o simulat e 
th e cognitiv e processe s tha t  w e sugges t  reasoner s rel y o n 
when the y thin k counterfactually ,  i n th e colour-car d tas k 
describe d i n 4  earlier .  Th e progra m i s calle d I M P (fo r 
Imaginar y Model s Production) ,  an d i t  generate s imaginar y 

scenarios .  I t  identifie s th e mos t  mutabl e even t  b y comparin g 
th e event s t o th e context ,  an d i t  undoe s th e even t  b y 
calibratin g i t  t o th e context .  Th e progra m take s a s inpu t  a 
lis t  o f  assertion s o f  th e followin g sort : 

5. Jones picked black 

Ther e wa s a  technica l  hitc h 

Jone s picke d blac k 

Brad y picke d re d 

It produces as output a set of models of the actual situation: 

6. Jones black / Jones black Brady red 

where the symbol"/" is a language-like tag corresponding to 
a technica l  hitc h (se e Johnson-Lair d an d Byrne ,  1991 ,  fo r 
comment s o n th e us e o f  propositiona l  tag s i n models) .  I t 
als o produce s a  se t  o f  model s correspondin g t o th e 
counterfactua l  situatio n constructe d b y mutatin g th e mos t 
mutabl e event : 

7.  Jone s blac k / Jone s blac k Brad y blac k 

Th e cor e o f  th e progra m lie s i n a  suit e o f  mutabilit y 
function s tha t  identif y th e mos t  mutabl e even t  b y comparin g 
i t  t o th e contex t  event ,  an d a  suit e o f  undoin g function s tha t 
construc t  a  counterfactua l  scenari o b y calibratin g th e mos t 
mutabl e even t  t o th e context .  Th e mai n computatio n carrie d 
out  b y th e mutabilit y  procedure s i s a  compariso n o f  eac h o f 
th e event s wit h th e context .  Eac h even t  i s  compare d wit h th e 
contex t  i n term s o f  whethe r  the y shar e a  c o m m o n acto r  an d 
whethe r  the y shar e a  c o m m o n car d colour .  Th e mos t 
mutabl e even t  i s selecte d accordin g t o th e followin g tw o 
principles :  i f  on e even t  i s identica l  t o th e context ,  th e othe r 
even t  i s th e mos t  mutable ;  wherea s i f  bot h event s ar e 
dissimila r  fro m th e contex t  the y ar e bot h mutabl e (fo r 
furthe r  details ,  se e Byrne ,  Culhane ,  an d Tasso ,  1995) .  Fo r 
example ,  whe n th e progra m i s give n th e sentence s i n 5 
earlier ,  i t  identifie s th e secon d event ,  i n whic h Brad y picke d 
red ,  a s th e mos t  mutable .  Eac h o f  th e tw o event s i s 
compare d t o th e context :  th e firs t  even t  i s identica l  t o th e 
contex t  an d s o i t  i s  immutable ,  th e secon d even t  differ s fro m 
th e contex t  an d s o i t  i s  th e mos t  mutable . 

Th e mai n computatio n carrie d ou t  b y th e undoin g 
procedure s i s a  compariso n o f  th e mos t  mutabl e even t  t o th e 
contex t  i n orde r  t o alte r  i t  accordin g t o th e followin g tw o 
principles :  i f  the y diffe r  i n th e colou r  o f  th e car d picke d (an d 
so th e actua l  scenari o mus t  b e on e i n whic h th e player s lost) , 
th e mos t  mutabl e even t  i s m a d e th e sam e a s th e contex t  i n 
thi s respec t  (s o tha t  th e counterfactua l  scenari o i s o f  a 
winnin g game) ;  otherwis e (th e actua l  scenari o i s on e i n 
whic h th e player s won ) ,  th e mos t  mutabl e even t  i s m a d e 
differen t  fro m th e contex t  (s o tha t  th e counterfactua l 
scenari o i s o f  a  losin g game) .  Fo r  example ,  th e progra m 
produce s a  counterfactua l  scenari o i n whic h Brad y picke d 
blac k instea d o f  re d fo r  th e sentence s i n 5  earlier .  I t 
compare s th e colou r  o f  th e car d tha t  Brad y picke d i n th e 
game wit h th e colou r  o f  th e car d i n th e contex t  even t  an d 
becaus e the y differ ,  i t  change s Brady' s choic e t o b e th e sam e 
as th e context . 

Th e progra m i s designe d t o simulat e th e know n effect s o f 
tempora l  orde r  o n counterfactua l  mutations .  I t  produce s th e 
tempora l  orde r  effec t  whe n i t  i s  give n sentence s i n whic h 
ther e i s n o technica l  hitch :  i t  identifie s th e firs t  even t  a s 
bein g th e context ,  a s wel l  a s bein g th e first  targe t  event .  I t 
implement s ou r  idea s o n th e menta l  representation s an d 
cognitiv e processe s tha t  lea d t o th e effect s o f  temporalit y o n 
mutability .  Th e theor y embodie d i n th e compute r  progra m 
makes prediction s abou t  a  variet y o f  situation s i n whic h th e 
temporalit y effec t  wil l  occu r  an d situation s i n whic h i t  wil l 
be eliminated .  Th e progra m simulate s thes e effect s an d w e 
hav e corroborate d th e prediction s empiricall y a s w e wil l 
n o w outline . 

Contextualized Models 

a n d T e m p o r a l  Mu tab i l i t y 

We hav e carrie d ou t  a  serie s o f  experiment s t o tes t  th e rol e 
of  contextualize d representation s i n tempora l  mutabilit y  an d 
we repor t  th e result s o f  tw o experiment s here .  Th e firs t 
experimen t  wa s designe d t o tes t  tw o alternativ e explanation s 
of  th e rol e o f  temporaht y i n th e mutabilit y  o f  events .  Ou r 
suggeste d explanatio n emphasise s th e natur e o f  th e menta l 
representation s tha t  reasoner s construct :  th e earlie r  even t 
provide s th e contex t  agains t  whic h th e subsequen t  event s ar e 
interpreted ,  an d s o th e earlie r  even t  i s no t  availabl e fo r 
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mutation .  Th e contextualizin g rol e o f  th e first  even t  ca n b e 
separate d fro m it s tempora l  positio n i n th e sequenc e b y th e 
'technica l  hitch '  scenari o describe d earlier .  W e predic t  tha t 
th e temporalit y effec t  wil l  occu r  whe n th e first  targe t  (post -
hitch )  even t  i s th e sam e a s th e contex t  (pre-hitch )  even t 
(i.e. ,  Jone s draw s blac k o n eac h occasion) ,  an d w e predic t 
tha t  th e effec t  wil l  b e eliminate d whe n th e first  targe t  even t 
i s differen t  fro m th e contex t  even t  (i.e. ,  Jone s draw s blac k 
prio r  t o th e hitch ,  an d draw s re d th e nex t  time) . 

We compare d ou r  explanatio n t o a n alternativ e one .  A n 
alternativ e possibilit y  i s  tha t  th e mor e recen t  even t  i s  "fresh " 
i n mind :  i t  i s  encountere d first  i n a  backwar d searc h throug h 
th e entrie s t o th e representation .  Suc h a  last-in ,  first-ou t 
principl e m a y operat e becaus e o f  workin g m e m o r y 
constraints .  A  differen t  se t  o f  prediction s follow s fro m thi s 
view .  Th e secon d even t  i s th e mor e recen t  on e i n bot h o f  th e 
technica l  hitc h scenarios ,  regardles s o f  th e similarit y o r 
dissimilarit y o f  th e first  targe t  even t  t o th e contex t  event , 
and s o th e temporalit y effec t  shoul d b e observe d i n eac h 
version . 

We teste d thes e alternativ e explanation s i n a n experimen t 
i n whic h 7 5 undergraduat e student s fro m variou s 
department s i n Trinit y College ,  Universit y o f  Dubli n 
participate d voluntarily .  W e gav e th e different-contex t 
versio n o f  th e scenari o describe d i n 4  earlie r  t o a  grou p o f 
36 subjects :  I n thi s version ,  Jone s draw s blac k prio r  t o th e 
hitch ,  an d h e draw s re d afte r  th e hitc h i s resolved ;  Brad y 
draw s black .  W e gav e th e same-contex t  versio n t o anothe r 
grou p o f  3 9 subjects :  I n thi s versio n Jone s draw s blac k prio r 
t o th e hitch ,  an d h e draw s blac k afte r  th e hitc h i s resolved ; 
Brad y draw s red .  Th e subject s complete d th e sentenc e 
"Jone s an d Brad y coul d eac h hav e w o n £10(X )  i f  onl y on e o f 
the m ha d picke d a  differen t  card ,  fo r  instanc e if... "  The y 
als o answere d tw o question s abou t  w h o the y woul d predic t 
woul d experienc e mor e guilt ,  an d w h o wil l  blam e th e othe r 
more .  W e expecte d tha t  thei r  belief s abou t  th e player s 
emotion s woul d correspon d t o thei r  belief s abou t  th e 
mutabilit y  o f  th e individuals . 

Th e result s corroborate d ou r  proposa l  tha t  th e temporalit y 
effect s aris e becaus e th e first  even t  provide s th e contex t 
agains t  whic h th e subsequen t  event s ar e interprete d (se e 
Byrne ,  e t  al ,  1995 ,  fo r  details) .  A s Tabl e 1  shows ,  i n th e 
same-contex t  conditio n mor e subject s undi d th e secon d 

even t  overal l  ( 5 9 % ) '  rathe r  tha n th e first  (23%) ;  wherea s i n 
th e different-contex t  conditio n th e effec t  wa s eliminate d 
( 4 4 % versu s 4 2 % )  an d thi s interactio n i s reliabl e [Meddi s 
(1984 )  quicktes t  z '  ( n =  63 )  =  1.64 ,  p  <  0.05] .  W e foun d a 
simila r  patter n o f  result s fo r  th e answer s t o th e question s 
abou t  emotions .  Mo r e subject s attribute d guil t  t o th e secon d 
playe r  tha n t o th e first  i n th e same-contex t  versio n ( 7 7 % 
versu s 1 0 % ) ,  bu t  no t  i n th e different-contex t  versio n [ 4 4 % 
versu s 3 1 % ;  Meddi s quicktes t  z '  ( n =  61 )  =  2.59 ,  p  <  0.01] . 
Mo r e subject s considere d tha t  th e first  playe r  woul d blam e 
th e othe r  mor e tha n th e secon d i n th e same-contex t  versio n 
( 5 1 % versu s 1 3 % ) ;  unexpectedly ,  mor e subject s als o 

'  Th e percentage s ar e base d o n a  combine d score ,  e.g. ,  5 9 % i s 
base d o n th e undoing s o f  th e secon d even t  onl y (i.e. ,  "i f  Brad y 
dre w black" )  combine d wit h th e undoing s o f  th e secon d even t 
followe d b y th e first  even t  (i.e. ,  "i f  Brad y dre w blac k o r  Jone s 
dre w red" )  -  se e Byrne ,  e t  a l  (1995) .  Th e patter n o f  result s 
remain s essentiall y  th e sam e whe n th e analysi s i s base d o n th e 
forme r  alone . 

considere d th e firs t  playe r  t o blam e th e othe r  mor e i n th e 
different-contex t  versio n [ 5 0 % versu s 2 5 % ;  Meddi s 
quicktes t  z  ( n =  52 )  =  1.07 ,  p  =  non-significant] ,  [However , 
i n a  subsequen t  experimen t  base d o n relate d materials ,  th e 
eliminatio n o f  th e temporalit y effec t  wa s observe d fo r 
question s abou t  bot h guil t  an d blame ,  a s wel l  a s fo r  th e 
sentenc e completio n tas k (se e Byrn e e t  al ,  1995)] . 

Th e experimen t  show s tha t  th e temporalit y effec t  arise s 
becaus e o f  th e contextualizin g rol e o f  th e firs t  even t  i n th e 
constructio n o f  a  menta l  representation ,  an d i t  i s  eliminate d 
when th e contex t  i s  de-couple d fro m th e seria l  positio n o f 
th e event .  Th e result s g o agains t  th e alternativ e explanatio n 
tha t  th e tempora l  orde r  effec t  arise s becaus e o f  th e recenc y 
of  th e secon d event' s entr y int o th e representation .  Th e 
result s len d suppor t  t o ou r  suggestio n tha t  reasoner s 
construc t  minima l  model s tha t  ar e base d o n a  soli d 
foundation ,  th e cornerston e lai d b y th e earlie r  event s i n a 
sequence . 

Table 1: The percentages of mutations of the first 

even t  an d th e secon d i n Experimen t  1 . 

Contex t 

Undoin g 

Secon d 

Firs t 

Guil t 

Secon d 

Firs t 

Blam e 

Secon d 

Firs t 

Same 

Black..hitch ; 

Black..Re d 

59 

23 

77 

10 

13 

51 

Differen t 

Black..hitch ; 

Red..Blac k 

44 

42 

44 

31 

25 

50 

T e m p o r a l  IMutabilit y  a n d G o o d O u t c o m e s 

Previou s researc h ha s show n tha t  variou s phenomena ,  suc h 
as th e tendenc y t o mutat e exceptiona l  event s rathe r  tha n 
norma l  ones ,  occu r  a s readil y fo r  undoin g positiv e 
outcome s a s fo r  negativ e one s (se e als o Landman ,  1987 ; 
Johnson ,  1986) .  Counterfactua l  thinkin g i s no t  onl y fo r 
learnin g fro m mistake s bu t  als o fo r  learnin g fro m ou r  goo d 
fortunes .  Ou r  ai m i n th e nex t  experimen t  wa s t o provid e th e 
first  tes t  o f  whethe r  temporalit y affect s situation s o f  goo d 
fortun e a s wel l  a s situation s o f  ba d fortune .  W e relie d o n a 
scenari o simila r  t o tha t  i n th e first  experiment ,  bu t  i n thi s 
version ,  th e individual s won . 

We predic t  tha t  th e temporalit y effec t  wil l  b e observe d 
wit h situation s o f  goo d fortune :  accordin g t o ou r  vie w 
reasoner s compar e th e tw o targe t  event s t o th e contex t  i n 
term s o f  th e similarit y o f  bot h th e acto r  an d th e colou r  o f  th e 
car d drawn .  Fo r  example ,  i n on e o f  th e scenario s i n th e 
experiment ,  Jone s draw s re d prio r  t o th e hitch ,  an d h e draw s 
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re d afte r  th e hitc h i s resolved ;  Brad y draw s red .  Th e firs t 
even t  i s identica l  t o th e contex t  i n bot h acto r  an d car d 
colour ;  th e secon d even t  differ s i n term s o f  actor ,  an d s o i t  i s 
more mutable . 

An alternativ e accoun t  make s a  differen t  prediction .  A 
possibl e explanatio n fo r  th e temporalit y effec t  an d it s 
eliminatio n i n th e previou s experimen t  i s tha t  reasoner s 
mutat e th e 'odd-one-out '  i n a  sequence .  Reasoner s und o 
whicheve r  o f  th e tw o targe t  event s i s th e odd-one-ou t  o f  th e 
thre e event s i n term s o f  th e colou r  o f  th e car d drawn ,  i n 
othe r  word s card-colou r  i s th e salien t  comparison-poin t  i n 
thes e scenarios .  Accordin g t o thi s view ,  o f  course ,  th e 
temporalit y effec t  shoul d onl y occu r  i n situation s wher e 
ther e i s a n odd-one-out ,  an d s o ther e shoul d b e n o 
temporalit y effec t  i n situation s wher e th e individual s wi n 
(becaus e th e tw o targe t  event s contai n th e sam e colou r 
card) .  Ou r  firs t  ai m i n th e experimen t  wa s t o tes t  thes e tw o 
alternativ e explanations .  O n th e assumptio n tha t  temporalit y 
woul d affec t  mutabilit y  i n situation s o f  goo d fortune ,  ou r 
secon d ai m wa s t o sho w tha t  th e temporalit y effec t  ca n b e 
eliminate d i n th e manne r  establishe d i n th e previou s 
experiment ,  whe n bot h targe t  event s diffe r  fro m th e context . 

We teste d thes e alternativ e explanation s i n a n experimen t 
i n whic h 9 4 subject s fro m Trinit y College ,  Universit y o f 
Dubli n participate d voluntarily .  W e presente d on e grou p o f 
46 subject s wit h a  scenari o i n whic h Jone s draw s re d prio r 
t o th e hitch ,  an d h e draw s re d afte r  th e hitc h i s resolved ; 
Brad y draw s red .  Thus ,  th e outcom e i s tha t  eac h individua l 
win s £1000 .  W e gav e a  secon d grou p o f  4 8 subject s a 
versio n o f  th e stor y i n whic h Jone s draw s blac k prio r  t o th e 
hitch ,  an d h e draw s re d afte r  th e hitc h i s resolved ;  Brad y 
draw s red .  I n thi s cas e bot h event s ar e dissimila r  fro m th e 
context :  th e first  even t  differ s i n th e colou r  o f  th e card ,  an d 
th e secon d even t  differ s i n bot h th e colou r  o f  th e car d an d 
th e actor .  W e expec t  tha t  bot h event s ar e mutabl e an d s o 
ther e shoul d b e n o temporalit y effect .  Th e subject s 
complete d th e followin g fragment :  "Afte r  th e dra w bot h 
Jone s an d Brad y reflecte d o n h o w luck y the y ha d been . 
Afte r  all ,  i f  on e o f  the m ha d picke d a  differen t  car d the y 
migh t  neithe r  hav e wo n th e £1000 ;  fo r  instance ,  if... "  The y 
als o answere d th e questio n " W h o woul d yo u predic t  woul d 
experienc e mor e relie f  a t  havin g w o n — Jone s o r  Brady? " 

Table 2: The percentages of mutations of the first event 
and th e secon d i n Experimen t  2 . 

Contex t 

Undoin g 

Secon d 

Firs t 

Relie f 

Secon d 

Firs t 

Same 
Red..hitch ; 

Red..Re d 

59 

26 

59 

35 

Differen t 
Black-.hitch ; 

Red..Re d 

33 

38 

42 

44 

The result s corroborate d bot h ou r  predictions ,  a s Tabl e 2 
shows .  I n th e same-contex t  conditio n mor e subject s undi d 
th e secon d even t  (59% )  rathe r  tha n th e first  (26%) ;  wherea s 
i n th e different-contex t  conditio n th e effec t  wa s eliminate d 
1 3 3 % versu s 3 8 % ;  Meddi s quicktes t  z '  ( n =  73 )  =  1.9 ,  p  < 
0.05] .  Mor e subject s attribute d relie f  t o th e secon d playe r 
tha n t o th e first  i n th e same-contex t  versio n ( 5 9 % versu s 
3 5 % ) ,  bu t  no t  i n th e different-contex t  versio n ( 4 2 % versu s 
4 4 % ) ,  althoug h th e interactio n misse s reliabilit y  [Meddi s 
quicktes t  z  (n=  84 )  =  1.29 ,  p  =  non-significant] . 

The experimen t  show s tha t  temporalit y affect s mutabilit y 
i n situation s o f  goo d fortun e a s wel l  a s situation s o f  ba d 
fortune .  I t  corroborate s ou r  suggestio n tha t  reasoner s 
compar e th e targe t  event s t o th e contex t  even t  i n term s o f 
bot h th e acto r  an d th e colou r  o f  th e card ,  an d no t  jus t  i n 
term s o f  th e colou r  o f  th e card ,  a s th e odd-one-ou t 
explanatio n suggests .  I t  als o show s tha t  th e effec t  ca n b e 
eliminate d readil y b y de-couplin g th e contextualizin g rol e o f 
th e first  even t  fro m it s positio n i n th e sequence . 

Conclusions 

We hav e outline d a  theor y o f  counterfactua l  thinkin g abou t 
what  migh t  hav e bee n tha t  i s base d o n th e ide a tha t 
reasoner s construc t  a  mode l  o f  th e actua l  situatio n an d 
produc e a n imaginar y alternativ e b y makin g minima l 
mutation s t o it .  Ou r  theor y suggest s tha t  th e temporalit y 
effec t  o n mutabilit y  — th e tendenc y fo r  peopl e t o und o th e 
mor e recen t  even t  i n a  serie s o f  independen t  event s — arise s 
becaus e o f  th e natur e o f  th e menta l  representation s tha t 
peopl e construct .  W e sugges t  tha t  th e firs t  even t  i n a 
sequenc e play s a  contextualizin g role ,  providin g th e 
cornerston e fo r  th e model ,  an d s o i t  i s  immutable .  W e hav e 
implemente d thi s theor y i n a  compute r  progra m an d w e 
hav e carrie d ou t  severa l  experiment s tha t  sho w tha t  whe n 
th e contextualizin g rol e o f  th e first  even t  i s separate d fro m 
it s positio n i n th e sequenc e o f  targe t  events ,  th e effec t  i s 
eliminated .  W e hav e corroborate d ou r  vie w tha t  th e 
mutabilit y  o f  event s depend s o n cognitiv e mechanism s suc h 
as th e contextualizatio n o f  model s fo r  on e sor t  o f  proble m i n 
thi s serie s o f  experiments .  W e sugges t  tha t  th e influenc e o f 
contex t  i n th e constructio n o f  model s o f  counterfactua l 
scenario s ma y hav e implication s fo r  ou r  understandin g o f 
th e othe r  primar y phenomen a o f  counterfactua l  thinking . 
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