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Abstrac t Introductio n 

I n th e presen t  study ,  tw o cognitiv e phenomen a 

unti l  no w treate d apar t  wer e compare d t o eac h 

other :  hindsigh t  bia s an d misinformatio n ef -

fect .  Bot h phenomen a resul t  fro m th e sam e 

basi c retroactive-interferenc e procedur e focuss -

in g o n ho w memor y o f  originall y encode d mate -

ria l  i s distorte d b y th e encodin g o f  subsequent , 

conflictin g information .  Th e result s showe d 

tha t  subjects '  recollection s o f  th e origina l  infor -

matio n wer e similarl y distorte d unde r  bot h con -

ditions ,  tha t  is ,  th e amoun t  o f  hindsigh t  bia s 

was a s larg e a s th e misinformatio n effect .  Mor e 

fine-graine d analyses ,  however ,  reveale d im -

portan t  differences .  Wit h th e additiona l  re -

sult s o f  a  probabilit y  mixtur e mode l  i t  wa s 

foun d tha t  onl y hindsigh t  subject s suffere d fro m 

memory impairmen t  an d that ,  moreover ,  thei r 

recollection s include d genuin e blends .  Th e nnis -

informatio n effect ,  o n th e othe r  hand ,  turne d ou t 

t o b e a n artifac t  o f  averagin g acros s tw o differ -

ent  set s o f  recollections .  Thes e result s represen t 

compellin g dat a wit h respec t  t o th e ongoin g dis -

cussio n abou t  th e existenc e o f  genuin e memor y 

blends . 

The reporte d researc h wa s partl y supporte d b y 

gran t  W e 498/1 4 fro m th e Deutsch e Forschungs -

gemeinschaft . 

Sinc e th e earl y time s o f  pro -  an d retro-activ e 

inhibitio n i t  ha s bee n show n repeatedl y tha t 

tw o piece s o f  informatio n tie d t o th e sam e m e m-

or y nod e ma y interfer e wit h on e another ,  thu s 

leadin g t o a n impaire d memor y performance . 

Mor e recently ,  tw o paradigm s hav e studie d 

thes e interferenc e processe s a t  som e length :  Th e 

hindsight-bia s paradig m (see ,  e.g. ,  Christen -

sen-Szalansk i  &  Fobia n Willham ,  1991 ;  H a w -

kin s &  Hastie ,  1990 )  an d th e eyewitness-mis -

informatio n paradig m (see ,  e.g. ,  Loftus ,  Korf ,  & 

Schooler ,  1989) .  I n bot h areas ,  researcher s 

foun d tha t  presentatio n o f  "new" ,  conflictin g in -

formatio n ca n distor t  memor y fo r  "old" ,  origina l 

information . 

Hindsight bias. A typical hindsight-bias ex-

perimen t  proceed s i n th e followin g way :  First , 

subject s ar e aske d t o answe r  difficul t  almanac -

typ e questions ,  fo r  example :  " H o w hig h i s th e 

Statu e o f  Liberty? "  Late r  the y receiv e th e so -

lutio n an d finall y the y ar e aske d t o remembe r 

thei r  origina l  answers .  Typicall y th e recollec -

tion s li e close r  t o th e solutio n tha n th e origina l 

answer s di d (see ,  e.g. .  Hel l  e t  al. ,  1988 ;  Pohl , 

1990) .  Thi s effec t  ha s bee n referre d t o a s "hind -

sigh t  bias "  o r  "knew-it-all-along "  effec t 

(Fischhoff ,  1977 ;  Wood ,  1978) .  Th e hindsigh t 

bia s seem s t o b e independen t  fro m a  variet y o f 

experimenta l  manipulation s an d has ,  moreover . 
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bee n observe d fo r  rathe r  differen t  material s 

(se e Hawkin s &  Hastie ,  1990 ,  fo r  a  recen t  over -

view) . 

Most  theoretica l  explanation s favo r  th e fina l 

rejudgmen t  proces s a s th e poin t  wher e biasin g 

occurs .  Accordin g t o these ,  th e hindsigh t  bia s i s 

a necessar y an d unavoidabl e by-produc t  o f  col -

lectin g evidenc e i n th e judgmen t  process .  Th e 

automati c memor y distortio n come s abou t  be -

caus e durin g th e rejudgmen t  proces s subject s ar e 

apparentl y unabl e t o ignor e outcom e knowledg e 

(cf .  Tversk y &  Kahneman ,  1974) . 

Misinformation effect In eyewitness-misinfor-

matio n studies ,  subject s typicall y vie w a  se -

quenc e o f  slide s depictin g som e comple x even t 

(e.g. ,  a  ca r  accident) .  I n a  followin g question -

naire ,  th e experimente r  hide s informatio n con -

tradictor y t o som e o f  th e detail s i n th e slides . 

For  example ,  a  sto p sig n i n th e slide s i s n o w 

labele d a s a  yiel d sign .  Finally ,  i n th e tes t 

phase ,  subject s ar e aske d t o choos e th e origina l 

informatio n (a s see n i n th e slides )  fro m a  pai r  o f 

tw o alternatives .  I n th e abov e exampl e thes e 

alternative s woul d includ e th e sto p sig n an d th e 

yiel d sign .  Subject s w h o wer e misle d i n th e 

questionnair e typicall y ten d t o choos e th e cor -

rec t  alternativ e les s ofte n tha n subject s w h o 

wer e no t  misle d (see ,  e.g. ,  Loftus ,  Miller ,  & 

Burns ,  1978) .  Thi s resul t  ha s bee n labele d "mis -

informatio n effect" . 

The effec t  wa s foun d ove r  a  variet y o f  mate -

rial s (se e Loftu s e t  al. ,  1989 )  an d ha s resiste d a 

number  o f  experimenta l  manipulation s tha t 

wer e devise d t o eliminat e i t  (summarize d i n 

Loftus ,  1979) .  Accordingly ,  Loftu s strongl y ar -

gue d fo r  automati c updatin g processe s suggestin g 

tha t  misinformatio n erase d th e memor y repre -

sentatio n o f  origina l  informatio n renderin g i t  ir -

retrievable .  Thi s argumen t  i s know n a s th e 

"substitutio n hypothesis" .  Bu t  late r  researc h 

showe d tha t  bot h origina l  an d misinformatio n 

may coexis t  i n memor y (see ,  e.g. ,  Bekeria n & 

Bowers ,  1983) .  Th e misinformatio n effec t  the n 

can b e understoo d a s bein g cause d b y difference s 

i n retrievabilit y  (Christiaanse n &  Ochalek , 

1983 ;  Morton ,  Hanunersley ,  &  Bekerian ,  1985) . 

McCloske y an d Zaragoz a (1985) ,  though ,  chal -

lenge d bot h view s (substitutio n an d coexistence ) 

and criticize d th e misinformatio n effec t  a s a n 

artifac t  o f  th e testin g procedur e used .  I n thei r 

opinion ,  th e misinformatio n effec t  doe s no t  re -

sul t  fro m memor y impairment ,  bu t  arise s becaus e 

differen t  memor y an d guessin g state s ar e unjust -

l y summe d across . 

The theoretica l  interpretatio n o f  th e mis -

informatio n effec t  i s  stil l  a  nuitte r  o f  debat e 

(Chandler ,  1991 ;  Metcalf e &  Bjork ,  1991 ; 

Schoole r  &  Tanaka ,  1991) .  Beside s th e intro -

ductio n o f  differen t  ne w testin g procedures ,  a 

mor e promisin g approac h ha s focusse d o n th e 

us e o f  materia l  wit h continuou s feature s (in -

stea d o f  whol e objects) .  Result s o f  thes e experi -

ment s typicall y showe d som e for m o f  "memor y 

blends "  (Chandler ,  1991 ;  Loftus ,  1977 )  paraUel -

in g th e typica l  result s foun d i n hindsight-bia s 

studies . 

Memory blends. Memory distortion is under-

stoo d (i n thi s paper )  a s a  genera l  ter m denotin g 

tha t  i n som e wa y memor y wa s affecte d b y a n ex -

perimenta l  condition .  Memor y blend s ar e recol -

lection s tha t  sho w integratio n o f  feature s fro m 

differen t  items .  Followin g Schoole r  an d Tana -

ka (1991 )  i t  appear s usefu l  t o furthe r  distin -

guis h betwee n "representatio n blends "  (tha t  re -

sul t  fro m encodin g o r  storag e processes )  an d "rec -

ollectio n blends "  (tha t  emerg e fro m retrieva l 

processes) .  Whil e thes e tw o type s refe r  t o th e 

poin t  wher e blendin g occurs ,  a  furthe r  distinc -

tio n denote s th e conten t  o f  blending :  A  "compos -

it e blend "  integrate s separabl e object s fro m dif -

feren t  sources ,  fo r  example ,  addin g a  sto p sig n 

(fro m a  verba l  description )  t o a  traffi c  scen e 

(fro m a  slid e sequence ;  Loftus ,  Miller ,  &  Bums , 

1978) .  A  "compromis e blend" ,  o n th e othe r 

hand ,  integrate s differen t  featur e value s int o 

one valu e (b y som e sor t  o f  averagin g process) ,  fo r 

example ,  a n originall y blu e car ,  whic h wa s 

late r  referre d t o a s bein g green ,  i s remembere d 
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as a  bluis h gree n on e (Loftus ,  1977) .  Sinnilarly , 

Metcalf e an d Bjor k (1991 ,  p .  203 )  define d a  "pos -

itiv e blend "  (Metcalfe ,  1990 )  a s on e wher e "sub -

jects '  recollection s o f  th e origina l  even t  mus t 

sho w a  unimoda l  shif t  alon g som e dimensio n i n 

th e directio n o f  th e misleadin g event. " 

But  still ,  th e critiqu e o f  McCloske y an d Zara -

goz a (1985 )  applies .  Metcalf e an d Bjor k (1991 ) 

referre d t o thi s situatio n i n thei r  "sunune d dis -

tributio n hypothesis" :  I f  on e typ e o f  recollectio n 

was centere d aroun d th e origina l  information , 

th e othe r  on e aroun d th e nusinformation ,  an d i f 

bot h origina l  an d misinformatio n wer e no t  to o 

fa r  apar t  fro m eac h othe r  o n thei r  underlyin g 

dimension ,  the n th e sunune d recollection s ma y 

sho w a  unimoda l  distribution .  Th e mea n recol -

lectio n woul d the n mimic k a  typica l  misinfor -

matio n effec t  (o r  hindsigh t  bias )  despit e th e 

absenc e o f  an y genuin e (memor y o r  recollection ) 

blends . 

Summarizin g thi s discussion ,  i t  agai n seem s 

urgen t  t o separat e genuin e blend s fro m statis -

tica l  averagin g "effects" .  T o thi s end ,  a  proba -

bilit y  mixtur e mode l  wa s devise d tha t  i s de -

scribe d next . 

The mode l  wa s varie d accordin g t o tw o majo r 

questions .  First ,  th e percentag e o f  perfec t  recol -

lection s wa s eithe r  allowe d t o diffe r  betwee n 

contro l  an d experimenta l  item s o r  not .  (Fo r  ex -

perimenta l  items ,  th e solution/misinformatio n 

was provide d t o th e subject ,  whil e fo r  contro l 

items ,  thi s wa s no t  th e case. )  Th e McOoske y 

and Zaragoz a (1985 )  argunnen t  state d that—de -

spit e th e presenc e o f  a  misinformatio n effect — 

th e percentage s o f  correctl y know n (no t  guessed ) 

recollection s coul d b e equa l  fo r  bot h type s o f 

items .  I n tha t  cas e n o memor y impairmen t  oc -

curred .  Thi s ca n b e teste d b y comparin g th e fit s 

of  th e correspondin g mode l  versions . 

Secon d an d mor e important ,  th e cas e o f  posi -

tiv e blend s wa s eithe r  include d i n th e mode l  o r 

not .  Again ,  th e presenc e o r  absenc e o f  suc h 

blend s ca n b e conclude d fro m th e resultin g mode l 

fits .  I t  shoul d b e note d tha t  bot h question s 

(memor y impairmen t  an d positiv e blends )  ca n 

eac h b e accesse d independentl y fro m on e anoth -

er . 

Metho d 

Probabilit y  mixtur e model .  (Becaus e o f  spac e 

constraints ,  onl y a  genera l  outlin e wil l  b e give n 

here ;  cf .  Poh l  &  Gawlik ,  1992. )  Th e mode l  as -

sumes a s laten t  state s tw o knowledge-retrieva l 

case s fo r  contro l  item s an d fiv e case s fo r  experi -

menta l  items .  Eac h cas e i s considere d t o b e tru e 

fo r  a n unknow n proportio n o f  al l  recollection s 

and i s associate d wit h differen t  probabilitie s 

tha t  a  recollectio n fall s  withi n on e ou t  o f  fiv e 

recollectio n classes .  Th e laten t  state s reflec t 

whic h informatio n i s availabl e t o th e subjec t  a t 

th e tim e o f  retrieval .  Th e recollectio n classe s 

ar e define d a s follows :  (1 )  recollection s shifte d 

away fro m th e solution/misinformation ,  (2 ) 

perfec t  recollections ,  (3 )  recollection s shifte d 

toward s th e solution/misinformation ,  (4 )  erro -

neou s recal l  o f  th e solution/misinformatio n it -

self ,  an d (5 )  recollection s shifte d beyon d th e so -

lution/misinformation . 

Subjects .  4 0 student s o f  th e Universit y o f  Trie r 

wer e randoml y assigne d t o th e hindsigh t  grou p 

or  t o th e misinformatio n group . 

Material. A catalogue of 20 objects to-be-sold 

at  a  fictitiou s auctio n a t  Sotheby s wa s prepar -

ed.  Eac h pag e o f  th e catalogu e containe d th e 

pictur e o f  on e o f  th e object s togethe r  wit h a 

shor t  descriptio n o f  it .  Eac h objec t  containe d on e 

critica l  (numerical )  information .  Th e auctio n 

catalogu e wa s prepare d i n tw o versions .  I n th e 

hindsigh t  version ,  th e value s o f  th e critica l  in -

formatio n wer e replace d b y a n empt y bo x wit h a 

questio n mark .  I n th e misinformatio n version , 

al l  value s wer e fille d i n an d no t  marke d a s crit -

ica l  i n an y way . 

Procedure. Each subject was run individually in 

tw o session s on e wee k apart .  Th e hindsigh t  sub -
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ject s wer e ru n firs t  i n orde r  t o allo w matchin g o f 

th e misinformatio n subjects .  I n Sessio n 1 ,  al l 

subject s receive d th e auctio n catalogue .  Eac h 

hindsigh t  subjec t  wa s give n th e hindsigh t  ver -

sio n an d aske d t o estimat e th e left-ou t  values . 

Each misinformatio n subjec t  wa s give n th e mis -

informatio n versio n (wit h th e estimate s o f  a 

hindsigh t  subjec t  fille d i n a s origina l  informa -

tion )  an d instructe d t o rea d al l  description s 

carefully .  I n Sessio n 2 ,  al l  subject s firs t  receive d 

a feedbac k lis t  (wit h solutions/misinformation s 

t o som e o f  th e items) .  Then ,  al l  subject s agai n 

receive d th e auctio n catalogue ,  n o w al l  i n th e 

hindsigh t  version .  Subject s o f  th e hindsigh t 

grou p wer e aske d t o remembe r  thei r  estimate s 

give n i n th e firs t  session .  Misinformatio n sub -

ject s wer e aske d t o remembe r  th e origina l  infor -

matio n fro m th e firs t  presentatio n o f  th e cata -

logue . 

Result s 

The level of significance was set at a = .05 for 

al l  statistica l  analyses . 

Shift in recollections. In order to allow compar-

iso n acros s numericall y dissonan t  items ,  al l  da -

t a wer e z-transforme d separatel y fo r  eac h item . 

Then ,  th e absolut e z-scor e distance s betwee n 

origina l  estimate/informatio n an d solution / 

misinformatio n (i.e. ,  th e origina l  distance )  an d 

betwee n recollectio n an d solution/misinforma -

tio n (i.e. ,  th e recollectio n distance )  wer e com -

puted .  Fo r  experimenta l  items ,  th e mea n chan -

ges fro m origina l  distance s t o recollectio n dis -

tance s reache d -.4 1 z  an d -.3 4 z  fo r  hindsigh t 

and misinformatio n subjects ,  resptectively .  Th e 

correspondin g figure s fo r  contro l  item s wer e .0 7 z 

an d .1 2 z .  Th e analyse s o f  varianc e reveale d 

one effect :  Wit h experimenta l  items ,  recollec -

tio n distance s wer e significantl y shorte r  tha n 

origina l  distance s (F(l,9 )  =  14.42 )  implyin g tha t 

on a n averag e recollection s wer e close r  t o th e so -

lution/misinformatio n tha n th e origina l  esti -

mate/informatio n ha d been -  Bu t  wit h contro l 

items ,  th e distanc e di d no t  chang e remarkabl y 

( f  (1,9 )  =  2.91 ,  a  >  .10) .  Th e grou p variabl e 

(hindsigh t  vs .  misinformation )  produce d nei -

the r  mai n no r  interactio n effect s (al l  F  <  1) . 

Perfect recollections. In the hindsight group, 

th e prof>ortio n o f  perfec t  recollection s reache d 

3 3 % wit h contro l  item s an d droppe d t o 1 1 % 

wit h experimenta l  one s (x^d )  =  11.56) .  Th e 

misinfomuitio n grou p produce d 1 1 % f>erfec t  rec -

ollection s wit h contro l  item s an d 8 % wit h ex -

perimenta l  one s (x (̂l )  <  ! ) • 

Model fitting. The numbers of recollections for 

eac h o f  th e fiv e recollectio n classe s wer e sub -

mitte d t o th e mode l  fit .  A  least-square s itera -

tio n procedur e wa s ru n separatel y fo r  th e hind -

sigh t  an d fo r  th e misinformatio n grou p wit h al l 

fou r  version s o f  th e probabilit y  mixtur e mode l 

(a s describe d i n th e Introduction) .  Th e result s 

ar e presente d i n Tabl e 1 .  Fo r  th e hindsigh t 

group ,  th e fou r  version s produce d mode l  fit s  o f 

clearl y divergin g quality ,  suggestin g tha t  bot h 

memory impairmen t  an d positiv e blendin g oc -

curred .  Fo r  th e misinformatio n group ,  though , 

al l  version s o f  th e mode l  fitte d th e dat a equal -

l y  well ,  suggestin g tha t  neithe r  memor y im -

pairmen t  no r  positiv e blendin g occurred . 

Discussio n 

At first glance, the results seemed to be clear 

and simple .  W h e n lookin g a t  th e mea n shif t  o f 

recollection s a s compare d t o origina l  estimate / 

information ,  bot h hindsigh t  an d misinforma -

tio n grou p showe d th e sam e effect :  Whil e ther e 

was n o memor y distortio n wit h contro l  items , 

bot h group s reveale d a n equa l  amoun t  o f  mem-

or y distortio n wit h experimenta l  items ,  tha t  is , 

th e hindsigh t  bia s wa s a s larg e a s th e misin -

formatio n effect .  Th e further ,  mor e fine-grain -

ed analysis ,  though ,  prove d thi s conclusio n t o b e 

premature . 
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Tabl e 1 . 

Best  Fit s (X^ )  o f  th e Fou r  Version s o f  th e Probabilit y  Mixtxir e Mode l  fo r  Hindsigh t  an d Mis -

informatio n Subject s 

Model  versio n df Hindsigh t Misii\formatio n 

Withou t  memor y impairment . 

Withou t  blend s 

Wit h blend s 

Wit h memor y impairmen t 

Withou t  blend s 

Wit h blend s 

(1 ) 

(2 ) 

(3 ) 

(4 ) 

4 

3 

3 

2 

18.3 9 • 

12.7 8 • 

4.7 7 

.14- ^ 

\ 3 6 * 

1.03" ^ 

.6 9 + 

39 + 

*  a  <  .01 ,  +  a >  .70 . 

Firs t  o f  all ,  conside r  th e percentage s o f  perfec t 

recollections .  Th e pjercentage s o f  perfec t  recol -

lection s o f  experimenta l  item s (a s compare d t o 

contro l  items )  wa s severel y diminishe d i n th e 

hindsigh t  group ,  bu t  no t  i n th e misinformatio n 

group .  Followin g th e argumen t  o f  McCloske y 

and Zaragoz a (1985) ,  thi s observatio n implie s 

tha t  onl y th e memor y o f  hindsigh t  subject s wa s 

impaire d b y th e items '  solutions ,  whil e th e 

memory o f  misinformatio n subject s wa s unaffect -

ed b y th e misinformation . 

Fittin g th e fou r  version s o f  ou r  probabilit y 

mixtur e mode l  t o th e dat a reveale d quit e dif -

feren t  result s fo r  th e tw o groups .  I n th e hind -

sigh t  group ,  th e mode l  fitte d th e dat a perfectl y 

onl y whe n tw o parameter s wer e use d t o accoun t 

fo r  memor y impairmen t  an d positiv e blends .  I n 

th e misinformatio n group ,  though ,  al l  version s 

produce d th e sam e goo d fi t  o f  th e model .  This , 

onc e more ,  suggest s tha t  onl y hindsigh t  subject s 

suffere d fro m memor y impairmen t  an d tha t 

they ,  moreover ,  produce d a  significan t  numbe r 

of  bia s recollection s (positiv e blends) ,  whil e 

misinformatio n subject s apparentl y produce d 

none. 

I n th e ligh t  o f  thes e observations ,  th e conclu -

sio n draw n earlie r  receive s stron g support :  Onl y 

th e recollection s o f  hindsight-subject s includ e 

case s o f  genuin e positiv e blends ,  whil e th e mis -

informatio n effec t  appear s a s a n artifac t  o f  sta -

tistica l  averaging .  Thi s interpretatio n corrobo -

rate s th e consideration s o f  McCloske y an d Za -

ragoz a (1985 )  an d dismisse s thei r  opponents '  at -

temp t  t o rescu e th e misinformatio n effec t  a s a 

memory phenomeno n (Loftus ,  Schooler ,  &  W a -

genaar ,  1985) .  Th e us e o f  experimenta l  nnateria l 

wit h continuou s feature s (instea d o f  whol e ob -

jects )  an d recal l  a s tes t  metho d (instea d o f  rec -

ognition )  prove d t o b e a  sensibl e wa y t o detec t 

th e suspecte d artifact . 

N o w tha t  n o cognitiv e accoun t  seem s t o b e nec -

essar y fo r  th e nnisinformatio n effect ,  wha t  re -

main s t o b e explaine d i s h o w th e hindsigh t  bia s 

arose .  I f  th e subjec t  kne w roughl y bot h source s 

of  information ,  tha t  is ,  sh e remembere d th e nu -

merica l  regio n o f  he r  estimat e an d th e relatio n 

betwee n i t  an d th e solution ,  sh e wa s hampere d 

by knowin g th e solutio n whe n sh e trie d t o recon -

struc t  he r  estimate .  A s a  consequence ,  recollec -

tion s o f  thi s sor t  shoul d fal l  betwee n estinnat e 

and solutio n reflectin g th e genuin e hindsight -

bia s case .  Thi s situatio n wa s describe d b y Tver -

sk y an d Kahnema n (1974 )  a s on e o f  thei r  heuris -

tic s name d "anchorin g an d adjustment" ,  wher e 

th e ancho r  prevent s ful l  adjustment . 

Wit h respec t  t o pas t  a s wel l  a s futur e researc h 

on hindsigh t  bias ,  misinformatio n effect ,  o r 

sinrula r  phenomena ,  recollectio n dat a shoul d b e 
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analyze d mor e carefully .  Th e propose d proba -

bilit y  mixtur e model—o r  generally ,  an y multi -

nomia l  mode l  (Riefe r  &  Batchelder ,  1988) — 

shoul d b e abl e t o detec t  statistica l  "effects "  o f 

th e McCloskey-Zaragoz a type ,  thereb y avoid -

in g artifactua l  explanations . 
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