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Recenc y a n d Context :  A n Env i ronmenta l  Analysi s o f  M e m o r y 

Lae l  J .  Schoole r  Joh n R .  Anderso n 
Departmen t  o f  Psycholog y 

Carnegi e Mello n 
Pittsburg h P A 1521 3 

Abstrac t 

Centra l  t o th e rationa l  analysi s o f  memor y i s th e 
proposa l  tha t  memory' s sensitivit y t o statistica l 
structur e i n th e environmen t  enable s i t  t o 
optimall y estimat e th e odd s tha t  a  memor y trac e 
wil l  b e neede d n o w (Anderson ,  1990) .  Thes e 
odd s ar e base d o n (1 )  th e patter n o f  prio r  us e o f 
th e memor y (e.g. ,  h o w recentl y i t  ha s bee n 
needed )  an d (2 )  th e similarit y o f  th e curren t 
contex t  t o th e previou s context s i n whic h i t  ha s 
been needed .  W e hav e analyze d thre e source s o f 
informationa l  deman d i n th e environment :  (1 ) 
speec h t o children ;  (2 )  wor d usag e i n fron t  pag e 
headlines ;  an d (3 )  th e dail y distributio n o f 
author s o f  electroni c mail .  W e foun d tha t  th e 
factor s tha t  gover n m e m o r y performance , 
includin g recency ,  als o predic t  th e odd s tha t  a n 
ite m (e.g. ,  a  wor d o r  author )  wil l  b e encountere d 
now.  Her e w e teste d a  basi c predictio n th e theor y 
makes abou t  th e independenc e betwee n contex t 
and recenc y i n th e environmen t  b y extendin g ou r 
previou s analysi s o f  recenc y i n th e N e w Yor k 
Times .  Thoug h th e result s o f  fou r  behaviora l 
experimen t  wer e inconsisten t  wit h thi s 
independenc e assumption ,  th e combinatio n o f 
th e rationa l  an d environmenta l  analyse s wer e abl e 
t o accoun t  fo r  9 4 % o f  th e varianc e i n thes e 
experiments . 

Introduction 

A central question of cognitive psychology is: What 
mechanism s an d representation s underli e huma n 
memory? A  les s frequentl y aske d questio n is :  W h y 
does huma n memor y displa y th e behavio r  tha t  i t  does ? 
Anderso n (1990 )  ha s propose d a n answe r  t o thi s latte r 
question ;  m e m o r y function s t o optimall y recal l 
relevan t  information .  Fe w woul d disagre e wit h th e 
clai m tha t  memor y retrieve s relevan t  information .  I t 
i s th e assertio n tha t  m e m o r y perform s thi s tas k 
optimall y tha t  run s agains t  intuition .  Anderso n doe s 
not  sugges t  tha t  m e m o r y doe s a  perfec t  jo b o f 
retrieval ;  n o syste m coul d d o thi s give n th e dua l 
constraint s o f  limite d resource s an d a  non-deterministi c 
environment .  Rathe r  memor y doe s a s goo d a  jo b a s 
coul d b e done ,  give n thes e constraints . 

A rationa l  syste m shoul d retriev e a  memor y whe n th e 
expecte d gai n o f  retrievin g it ,  E(R) ,  exceed s th e 
expecte d gai n o f  no t  retrievin g it ,  E(~R) .  Schoole r 
(1993 )  showe d tha t  E(R )  >  E(~R )  wil l  b e tru e whe n 
th e odd s tha t  i t  wil l  b e needed .  O n ,  excee d som e cos t 

benefi t  ratio: 

0 „ > 
cost s 

benefit s Eq.  1 , 

wher e P n i s th e probabilit y  tha t  a  memor y wil l  b e 
p 

neededan d 0 „  = - — = _ . 

Within this framework, the mapping between need 
odd s an d performanc e measures,  suc h a s odd s o f  recall , 
ar e somewha t  mor e comple x tha n the y migh t  initiall y 
appear .  O n e migh t  expec t  tha t  nee d odd s an d 
performanc e woul d simpl y b e proportiona l  t o eac h 
other ,  bu t  thi s i s no t  th e case .  Tak e fo r  exampl e th e 
relationshi p betwee n nee d odd s an d probabilit y o f 
recall .  Equatio n 1  implie s tha t  probabilit y o f  recal l 
shoul d b e a  ste p functio n wit h a  discontinuit y a t 
costs/benefits .  Memorie s wit h nee d odd s belo w thi s 
poin t  shoul d neve r  b e recalle d an d thos e ove r  shoul d 
alway s b e recalled . 

Anderso n (1990 )  note s tha t  nois e i n th e estimat e o f 
th e distanc e betwee n nee d odd s an d thi s cu t  of f  implie s 
tha t  odd s o f  recal l  wil l  b e a  powe r  functio n o f  nee d 
odds : 

Or  = 
benefit s 

cost s 

n1/ s 
0 „ l / s 

Eq.  2 , 

wher e s  i s relate d t o th e varianc e i n th e estimate . 

Estimating Need Odds 

Anderson (1990) offers two factors that could 
reasonabl y b e expecte d t o predic t  nee d odds :  (I )  th e 
patter n o f  prio r  us e o f  th e memor y (i.e. ,  it s  history ) 
and (2 )  th e similarit y o f  th e curren t  contex t  t o th e 
previou s context s i n whic h i t  ha s bee n needed .  A n 
item' s pas t  leve l  o f  frequenc y an d recenc y o f  use ,  an d 
t o a  lesse r  degre e spacin g betwee n thes e uses , 
constitut e it s history .  Th e contex t  facto r  measure s 
th e strengt h o f  th e associatio n betwee n a  particula r 
memory trac e an d th e curren t  context .  Her e th e contex t 

889 



i s  take n t o b e particularl y salien t  element s o f  th e 
environment .  Withi n thi s framework ,  memory' s 
estimat e o f  th e odd s tha t  a  particula r  m e m o r y trac e 
wil l  b e neede d i s th e produc t  o f  th e histor y an d contex t 
factors : 

On =  O n (History )  Contex t 

Anderson (1990) accounted for many empirical 
findings  b y ^plyin g thi s equatio n t o a  mode l  o f  th e 
statistica l  structur e o f  th e environment .  Thi s mode l  o f 
th e environment ,  however ,  wa s base d o n plausibl e 
assumption s abou t  th e informationa l  demand s tha t  th e 
environmen t  place s o n memory .  Thes e assumption s 
neede d t o b e tested . 

History Factor 

We have studied constrained "environments" that place 
demands o n huma n memory .  W e hav e foun d tha t  th e 
historica l  factor s tha t  gover n m e m o r y performanc e 
als o predic t  th e odd s wit h whic h word s ar e spoke n i n 

children' s linguisti c environments ^  (Schooler ,  1993 ; 

Anderso n &  Schooler ,  1991 ;  Schoole r  &  Anderson , 
1991) .  Thes e factor s includ e frequency ,  recency ,  an d 
spacin g betwee n exposures .  T h e result s wer e 
replicate d i n th e pattern s o f  wor d us e i n newspape r 
headline s an d th e dail y distributio n o f  author s w h o 
sen t  electroni c mai l  t o JA . 

Recency in Memory 

Anderson & Schooler (1991) focused exclusively on 
th e histor y factor .  Her e w e wil l  describ e ou r  analysi s 
of  th e relationshi p betwee n contex t  an d history .  Bu t 
first,  a s a n example ,  w e wil l  revie w ou r  analysi s o f 
retention-th e effec t  o f  th e interva l  sinc e th e las t 
exposur e t o a  m e m o r y ite m o n performance . 

Th e retentio n functio n i s studie d typicall y b y givin g 
subject s a  constan t  experienc e wit h on e o r  mor e 
exposure s t o a n item ,  an d the n testin g fo r  recal l  a t 
variou s retentio n intervals .  Squir e (1989 )  studie d a 
retentio n functio n tha t  wa s closel y tie d t o subjects '  da y 
t o da y experience .  H e presente d subject s wit h th e 
potentia l  name s o f  T V shows .  The y ha d t o decid e 
whethe r  th e sho w ha d aired .  Figur e 1  plot s subjec t 
performanc e a s a  functio n o f  th e numbe r  year s sinc e 
th e show' s cancellation . 

Th e negativel y accelerate d curv e i s typica l  o f  memor y 
retentio n functions .  Wickelgre n (1975 )  propose d tha t 
suc h curve s coul d bes t  b e describe d a s powe r 
functions ,  whic h wil l  b e straigh t  whe n plotte d i n log -
lo g coordinates .  Figur e 2  plot s Squire' s dat a i n thi s 

scal e an d i t  doe s appea r  relativel y straigh t  ( r ^  .97) . 

Squir e 1989 :  Memor y fo r  T V S h o w s 

o> 
8 

w 
•o 
•o 
O 1 I  t^^^^tr^^^^^m m 

1 2 3  4  5  6  7  8  9  10111213141 5 
Year s sinc e Cancele d 

Figur e 1 .  Retentio n functio n fro m Squir e (1989 )  i n 
standar d coordinates . 

Squire 1989: Memory for TV Shows 

c 
O) 
o 
I 
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•D 
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o Log Year s sinc e Cancele d 

Figur e 2 .  Retentio n functio n fro m Squir e (1989 )  i n lo g 
lo g coordinates .  Straigh t  lin e indicate s powe r  function . 

Recency in the Environment 

We show the results of our analysis of the New York 
Time s plotte d i n log-lo g coordinate s (Figur e 3) .  Ther e 
we hav e plotte d th e lo g odd s o f  a  wor d bein g include d 
i n a  particula r  front  pag e headlin e a s a  functio n o f  th e 
lo g numbe r  o f  day s sinc e th e wor d wa s las t  included . 
Th e curv e i s straigh t  w h e n plotte d i n log-log , 
suggestin g tha t  th e environmenta l  recenc y function , 
lik e it s behaviora l  counterpart ,  ca n b e describe d b y a 

power  functio n (r ^  =  .99) .  Simila r  result s hol d fo r 
th e analyse s o f  speec h t o childre n an d th e author s o f 
mai l  messages . 

N ew Yor k Time s Recenc y 

1 Th e speec h wa s fro m th e Hal l  &  Tirr e (1979 )  corpu s i n 
MacWhinne y an d Snow' s (1990 )  CHILDE S database . 
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dela y i n lo g day s 
Figur e 3 . Environmenta l  rec e ic y functio n 
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I n sum .  ther e i s a  powe r  functio n relatin g nee d odd s 
(e.g. .  th e odd s tha t  a  wor d wil l  b e include d i n th e 
fron t  pag e headline s o n a  particulju -  diiy )  an d recency . 
Thi s correspond s t o th e behaviora l  relationshi p 
betwee n memor y performanc e an d recency . 

Context Factor 

In Equation 3 memory's estimate of a pju^ticular 
item' s nee d odd s wa s take n t o b e th e produc t  o f  it s 
need odd s give n it s histor y (e.g. ,  ho w recentl y yo u 
hav e see n it )  multiplie d b y th e contex t  factor .  Th e 
histor y facto r  capture s th e predictiv e powe r  o f  usin g 
an item' s pas t  us e t o predic t  futur e use .  Th e contex t 
facto r  gauge s th e strengt h o f  associatio n betwee n th e 
contex t  an d a  particula r  item .  Thi s informatio n adjust s 
th e estimate s o f  nee d odd s comin g fro m th e histor y 
factor .  Contextua l  strengt h i s measure d i n term s o f 
associativ e ratio s tha t  approximat e th e likelihoo d 
ratio s c o m m o n i n Bayesia n statistics .  Th e 
denominato r  o f  thi s rati o i s th e bas e rat e nee d 
probabilit y  o f  th e item .  Th e numerato r  i s th e 
conditiona l  probabilit y  o f  finding  th e ite m i n th e 
presenc e o f  som e cue .  Th e large r  thi s rati o th e bette r 
th e cue ,  th e greate r  th e associativ e strength .  Fo r  mos t 
item s an d cue s thi s rati o shoul d hove r  aroun d one :  a n 
ite m i s n o mor e o r  les s likel y t o appea r  i n th e 
presenc e o f  a  particula r  cue .  Th e overal l  strengt h o f  th e 
contex t  i s  take n t o b e th e produc t  o f  th e associativ e 
ratio s o f  eac h o f  th e individua l  cue s i n th e context : 

Contex t  =  Y l 

q i n Contex t 

P(i/q ) 

P(i ) 

associatio n shoul d b e linea r  an d approximatel y piirjdle l 
when plotte d i n log-log .  First ,  w e describ e th e 
procedur e fo r  estimatin g th e associativ e ratios , 
followe d b y th e procedur e an d tes t  o f  th e independenc e 
of  recenc y an d contex t  i n th e environment . 

Environmental Analysis of Associative Ratios 

Calculating the associative ratios requires estimates of 
th e bas e rat e frequencie s o f  th e item s a s wel l  a s th e 
many conditiona l  probabilitie s o f  finding  on e wor d i n 
th e presenc e o f  another .  Th e bas e rat e probabilitie s 
wer e take n t o b e th e proportio n o f  al l  th e headline s o r 
utterance s i n whic h a  wor d appeared .  Estimatin g th e 
conditiona l  probabilit y  o f  finding  a  wor d occurrin g i n 
th e presenc e o f  anothe r  require s a  definitio n o f  context . 
A contex t  wa s define d t o b e a  headlin e o r  utterance ;  a 
word' s context ,  then ,  wa s th e othe r  word s tha t 
compos e th e headlin e o r  utterance .  Tabl e 1  show s a n 
exampl e o f  a  wor d fro m th e N e w Yor k Time s wit h 
particularl y stron g associations . 

1 p (  AIDS )  =  .01 8 1 

Associate s 

viru s 

sprea d 

patient s 
healt h 

p(AIDS/associate ) 

.7 5 

.5 4 

.4 0 

.2 7 

p(AIDS/associate ) 

ViAJDS ) 

41. 0 

29. 4 

21. 8 

14. 6 
Tabl e 1 .  Stron g associate s o f  AIDS . 

Context and Recency in the 
T ime s an d Speec h t o Childre n 

N e w Y o r k 

I n d e p e n d e n c e A s s u m p t i o n 

As a matter of mathematical convenience, the rational 
analysi s assume s independenc e betwee n th e histor y an d 
contex t  factors .  A  stron g assumptio n o f  independenc e 
suc h a s thi s shoul d b e tested .  Withi n th e rationa l 
analysi s framewor k thi s ca n b e don e bot h i n th e 
environmen t  an d i n behavior .  First ,  w e wil l  g o 
throug h th e environmenta l  prediction s an d tests ,  befor e 
returnin g t o thei r  behaviora l  counterparts . 

Environmental Tests of Independence 

The implications of the independence assumption 
betwee n th e histor y an d contex t  facto r  ca n b e see n 
most  clearl y b y takin g th e natura l  log s o f  eac h sid e o f 
Equatio n 3 .  Th e environmenta l  analysi s o f  recenc y 
reveale d tha t  nee d odd s i n th e environmen t  wa s i n a 
power  relationshi p wit h recenc y (Figur e 3) .  Evidenc e 
fo r  thi s wa s th e nearl y perfec t  linea r  relationshi p 
betwee n lo g nee d odd s an d lo g recency .  B y factorin g 
contex t  int o th e equation ,  th e presumptio n i s tha t  th e 
recenc y functio n fo r  progressivel y stronge r  degree s o f 

Metho d (Ne w Yor k Times ) 

The aim of this analysis was to estimate recency 
curve s contingen t  o n whethe r  a  headlin e containe d a 
stron g associate .  A  word' s stron g associate s wer e thos e 
word s wit h associativ e ratio s tha t  exceede d 10 .  Th e 
res t  wer e classifie d a s wea k associates .  Th e analysi s 
of  th e N e w Yor k Time s first  selecte d al l  th e word s tha t 
had no t  bee n mentione d for ,  say ,  1 0 days .  Fo r  eac h o f 
thes e word s th e analysi s checke d eac h o f  th e headline s 
on th e critica l  day .  Fo r  a  particula r  word ,  al l  th e othe r 
word s i n a  headlin e wer e classifie d a s eithe r  stron g o r 
weak associate s base d o n thei r  associativ e ratios . 
Estimate s wer e mad e o f  th e odd s o f  a  wor d occurrin g 
i n a  particula r  headlin e a s functio n o f  th e numbe r  day s 
sinc e i t  wa s las t  seen ,  an d whethe r  th e headlin e 
containe d a t  leas t  on e stron g associate . 

Method (CHILDES) 

Here need odds was taken to be the odds of a word 
occurrin g i n a  particula r  utteranc e an d wa s estimate d a s 
a functio n o f  th e numbe r  utterance s sinc e a  wor d wa s 
las t  mentioned ,  an d whethe r  th e utteranc e containe d a t 
leas t  on e stron g associate . 
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Result s 

Figure 4 (on last page) shows the results in standard (a 
& b )  an d powe r  ( c &  d )  coordinates .  Tabl e 2  (o n las t 
page )  suinmarize s th e regressio n fit s  t o th e stron g an d 
weak contex t  curve s i n Figure s 4 c an d 4d.  Fo r  bot h 
th e C H I L D E S an d N e w Yor k Time s Jinalysi s  th e deca y 
parameter s (slopes )  fo r  th e stron g an d wea k associat e 
curve s ar e approximatel y equal .  I n goo d agreemen t 
wit h th e theory ,  i t  appear s tha t  th e resultin g curve s ar e 
linea r  an d approximatel y paralle l  whe n plotte d i n log -
lo g coordinates .  Th e effect s o f  associatio n an d recenc y 
i n th e environmen t  (o r  a t  leas t  i n th e N e w Yor k Time s 
and i n speec h t o children )  ar e indee d independen t  o f 
eac h other . 

I n sum ,  th e environmenta l  analyse s o f  th e N e w Yor k 
Time s headline s an d C H I L D E S databas e suppor t  th e 
assumptio n th e rationa l  analysi s make s abou t  th e 
independenc e betwee n th e histor y an d contex t  factors . 
Next  w e explor e whethe r  thi s independenc e i s reflected 
i n behaviora l  dat a 

Behavioral Tests of Independence 

Predictions 

The previous section established that both a word's 
past  histor y o f  us e an d th e statistica l  associatio n o f  th e 
curren t  contex t  t o th e wor d contribut e t o a n estimat e 
of  th e word' s nee d odds .  Further ,  i t  wa s foun d tha t  th e 
contributio n o f  th e histor y an d contex t  factor s wer e i n 
an independen t  multiplicativ e relationship .  Th e 
correspondin g behaviora l  predictio n i s tha t  whe n 
performanc e i s measure d i n term s o f  lo g nee d odd s o f 
recal l  th e retentio n curves ,  correspondin g t o 
progressivel y stronge r  contexts ,  shoul d b e 
approximatel y parallel .  Thi s predictio n ca n b e m ^ p e d 
ont o a  cue d recal l  task .  I n suc h a n experimen t  th e 
cue s ca n b e though t  o f  a s settin g th e contex t  fo r  recall. 
Thus ,  varyin g th e degre e o f  associatio n betwee n th e 
cu e an d th e targe t  amount s t o varyin g contextua l 
strength . 

Procedure 

Figure 5 illustrates a typical trial. A trial started with 
th e subjec t  readin g a  headlin e an d categorizin g i t  a s 
pertainin g mos t  t o international ,  national ,  o r  loca l 
events .  Afte r  classifyin g th e headline ,  a  plu s sig n 
appeare d i n th e middl e o f  th e screen .  Thi s wa s 
followe d b y a  prime .  Thi s prim e wa s followe d b y a 
word-stem ,  consistin g o f  th e first  tw o letter s o f  a  wor d 
and underscore s t o hol d th e place s o f  th e missin g 
letters .  Th e answe r  t o th e wor d ste m (space )  wa s 
draw n fro m on e o f  th e previou s headline s tha t  th e 
subjec t  ha d read . 

1 Experimen t  | 

1 l( n =  32 )  1 

1 shor t 

15 
lon g 

13. 3 

1 2 ( n = 1 9 ) 

shor t 

.2 2 
Tabl e 3 .  Averag e retentio n 

lon g 

10. 3 

3 ( n 

shor t 

1.3 
s fo r  experiment s 

us TOADE DEFICCT FOB 11 MONT>« TOPS REOOHD 

= 20 ) 

lon g 

10. 3 

,  2&3 . 

Intwnallon d (7 )  N>«on* l  (8 )  Loct I  (» ) 

TREATY 

F igu r e 5 .  Screen s i n a  typica l  trial . 

Desig n 

To tes t  th e prediction s o f  th e analysi s retentio n an d 
associatio n wer e manipulated .  Th e strengt h o f  th e 
associatio n betwee n a  wor d ste m an d a  prim e wa s 
classifie d a s stron g o r  weak ,  base d o n thei r  associativ e 
ratio s derive d fro m th e analysi s o f  th e N e w Yor k 
Time s headlines .  Retentio n wa s measure d b y th e 
number  o f  intervenin g trial s betwee n whe n a  wor d wa s 
rea d i n a  headlin e an d i t  wa s th e answe r  t o a  wor d 
stem .  Thre e experiment s wer e ru n tha t  differe d i n th e 
averag e lengt h o f  thei r  retentio n intervals .  Tabl e 3 
list s th e averag e retentio n interval s fo r  each ,  alon g 
wit h th e numbe r  o f  subjects . 

Results 

Figure 6 plots the cell means for log odds of recall 
from  experiment s  1 ,  2  an d 3  i n log-lo g scale .  Base d 
on th e result s o f  th e powe r  functio n fits ,  th e slope ,  o r 
deca y rate ,  fo r  th e stron g associat e curv e (-.12 )  i s 
shallowe r  tha n th e tha t  o f  th e wea k associat e curv e 
(-.2 2 ) .  Th e questio n o f  th e independenc e o f  contex t 
and recenc y amount s t o askin g whethe r  th e curve s 
hav e th e sam e slopes ,  o r  deca y rates .  Th e differenc e i n 
slope s i s marginall y significan t  a t  th e . 1 level ; 
suggestin g tha t  contex t  an d recenc y ar e no t 
independent .  Thoug h spac e preclude s goin g int o th e 
details ,  a  fourt h experiment ,  usin g slightl y differen t 
method s an d material s suppor t  thes e result s (Figur e 7) . 
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Result s o f  Experiment s 1,2 ,  &  3 

lo g odd s o f  recal l 

1. 5 • 

^  -O.S_ l 

stron g contex t 
i) weak context 

I  I  I I  I  I  I  I  I 
-2-1.5-1-0. 5 0  0. 5 1  1. 5 2  1 5 3 

retentio n i n lo g trial s 
Figure 5. Performance in Experiments 1, 2, & 3 plotted 
as a  functio n o f  retentio n an d cu e (context )  strength . 

Experiment 4 
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Figure 7. Performance in Experiment 4 (n=33). 

In this experiment associative strength was based on 
wor d associatio n norms ,  an d th e tas k involve d 
recallin g word s rea d i n isolation .  Th e deca y rat e fo r  th e 
stron g associat e curv e (-.45 )  wa s significantl y smalle r 
tha n tha t  o f  th e wea k associat e curv e (-.65) ,  p  <.03 . 

The predictio n th e rationa l  an d environmenta l  analyse s 
make abou t  th e independenc e betwee n contex t  an d 
recenc y i n m e m o r y di d no t  hol d up .  Nevertheless ,  w e 
ca n as k t o wha t  exten t  th e varianc e i n th e experimenta l 
result s ca n b e accounte d fo r  b y a  combinatio n o f  th e 
rationa l  an d th e environmenta l  analyses . 

Performanc e i n eac h o f  th e experimenta l  condition s 
correspond s t o th e result s o f  th e environmenta l 
analysi s o f  contex t  an d recency .  Fo r  instance ,  th e 
stron g associatio n an d lon g retentio n interva l 
condition s i n Experiment s 2  an d 3  ca n b e mappe d 
ont o a  situatio n wher e a  headlin e include s a  stron g 
associat e o f  th e wor d an d th e wor d ha s no t  bee n 
mentione d fo r  1 0 days . 

Provide d i t  i s  plausibl e t o m a p estimate s o f  nee d odd s 
base d o n th e environmenta l  analysi s directl y ont o th e 
experiments ,  an d recallin g Equatio n 2 .  whic h showe d 

tha t  nee d odds .  O r ,  i s  plausibl y i n a  powe r  functio n 

relationshi p wit h odd s o f  rec<dJ ,  O r ,  the n thi s implie s 

tha t  performanc e i n th e variou s condition s o f 
experiment s 1 ,  2  an d 3  shoul d b e i n a  powe r  functio n 
relationshi p wit h th e correspondin g result s o f  th e 
analysi s o f  th e N e w Yor k Times . 

Thi s i n tur n implie s tha t  ther e shoul d b e a  linea r 
relationshi p betwee n log-nee d odd s an d lo g odd s o f 
recall .  Figur e 8  plot s lo g odd s o f  recal l  i n th e thre e 
experiment s a s a  functio n o f  th e correspondin g lo g 
nee d odd s resultin g from  th e analysi s o f  th e N e w Yor k 
T ime s headlines .  T h e relationshi p doe s appea r  t o b e 

approximatel y linea r  wit h a n R ^  o f  .94 . 

Per fo rmanc e i n Exper iment s 

1, 2 &  3  a s functio n o f  nee d odd s 

^  0.5 -

•S-0.5 -

- 6 - 5 - 4 - 3 - 2 - 1 0 

lo g nee d odd s (fro m N e w Yor k Times ) 

Figure 8. Performance in Experiments 1, 2 and 3 as a 
functio n o f  lo g nee d odds . 

Conclusion 

Within the rational analysis framework the odds that a 
particula r  ite m wil l  b e encountere d no w ca n b e 
estimate d base d o n th e item' s pas t  history ,  an d o n th e 
statistica l  associatio n betwee n th e ite m an d th e curren t 
context .  Moreover ,  thes e estimate s base d o n histor y 
an d contex t  ar e argue d t o b e approximatel y additiv e i n 
a log-lo g scale .  Th e environmenta l  analyse s reporte d 
her e wer e consisten t  wit h thi s prediction .  Thi s implie s 
tha t  whe n m e m o r y performanc e i s measure d i n term s 
of  lo g odd s o f  recal l  an d retentio n interval s ar e 
measure d i n a  lo g scale ,  the n th e transforme d retentio n 
function s correspondin g t o stron g an d wea k context s 
shoul d b e parallel .  I n contras t  t o thi s prediction ,  th e 
combine d result s o f  fou r  experiment s demonstrate d 
tha t  shallowe r  slope s wer e obtaine d fo r  th e stron g 
contex t  retentio n curve s tha n fo r  th e retentio n curve s 
associate d wit h weake r  contexts .  T h o u g h thi s 
relativel y subtl e predictio n o f  th e rationa l  analysi s di d 
not  hol d up ,  th e result s o f  th e environmenta l 
analysi s an d th e rationa l  analysi s wer e abl e t o accoun t 
fo r  9 4 % o f  th e varianc e acros s th e result s o f 
Experiment s 1 ,  2 ,  an d 3 . 
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Environmenta l  Analyse s o f  Contex t  an d Recenc y Reference s 
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Figur e 4 .  Environmenta l  recenc y curve s fro m th e analysi s o f  th e N e w Yor k 
Time s an d C H I L D E S database .  Th e lef t  panel s sho w th e odd s o f  a  wor d bein g 
mentione d m a  particula r  utteranc e a s a  functio n o f  th e numbe r  o f  intervenin g 
utterance s sinc e i t  wa s las t  mentione d an d whethe r  th e utteranc e include d a  stron g 
associat e (stron g context )  o r  di d no t  (wea k context) .  Th e righ t  panel s sho w th e 
odd s o f  a  wor d bein g include d i n a  particula r  headlin e a s a  functio n o f  th e numbe r 
of  day s sinc e th e wor d wa s las t  include d an d whethe r  th e headlin e include d a  stron g 
associate . 
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r2' s Fro m Powe r  Fit s  t o th e Environmenta l  Analyse s o f  Contex t  an d Recenc y 

stron g 

weak 

CHILDES 

r 2 

.9 8 

.98 . 

exponen t 

-.5 0 

-.5 2 

1 Ne w Yori c Time s | 

r 2 

.98 . 

.98 . 

exponen t 

-.4 4 

-.5 4 

Tabl e 2 .  Th e degre e t o whic h th e stron g an d wea k recenc y curve s ca n b e fi t  b y 
power  functions .  Th e estimate d exponent s ar e liste d a s well . 
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