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A b s t r a c t 

A ne w paralle l  distribute d processin g (PDP )  mode l 
possessin g a  statistica l  interpretatio n i s propose d fo r  ex -
tractin g critica l  psychologica l  regularitie s from  th e tem -
pora l  structur e o f  h u m a n free  recal l  data .  Th e mode l  i s 
essentiall y a  non-linea r  five  paramete r  Jorda n sequen -
tia l  networ k fo r  predictin g categorica l  time-serie s data . 
The mode l  consist s o f  five  parameters :  a n episodi c 
strengt h paramete r  (t/) ,  a  causa l  strengt h paramete r  {0) , 
a share d causal/episodi c strengt h paramete r  (7) ,  a  work -
in g memor y spa n paramete r  (//) ,  an d a  numbe r  o f  item s 
recalle d paramete r  (A) .  Th e "psychologica l  validity "  o f 
th e model' s paramete r  estimate s wer e the n evaluate d 
wit h respec t  t o th e existin g experimenta l  literatur e us -
in g childre n an d adul t  free  recal l  dat a from  fou r  stories . 
The model' s paramete r  estimate s replicate d an d ex -
tende d severa l  previousl y k n o w n experimenta l  findings . 
I n particular ,  th e mode l  showed :  (i )  effect s o f  causa l 
structur e /3 ,  (ii )  showe d a  decreas e i n (7/4-7 )  whil e / ? 
remaine d constan t  a s retentio n interva l  increased ,  an d 
(iii )  a n increas e i n {r]+y )  whil e ft  remaine d constan t  a s 
subjec t  ag e increased . 

Introduction 

Golden and Rumelhart (1991) have suggested that 
stor y conprehensio n m a y b e viewe d a s a  proces s wher e 
th e reade r  understand s a  stor y b y activel y construct -
in g a n appropriat e cognitiv e representatio n o f  th e text . 
Moreover ,  a  considerabl e amoun t  o f  researc h i n th e 
experimenta l  psychologica l  literatur e ha s show n tha t 
th e underlyin g cognitiv e representatio n o f  a  tex t  influ -
ence s h o w th e tex t  i s  recalle d from  memor y (Fletche r 
& Bloom ,  1988 ;  Graesser ,  Robertson ,  Lx)velace ,  & 
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Swinehart ,  1980 ;  Kintsc h &  Va n Dijk ,  1978 ;  Trabasso , 
Secco ,  &  Va n D e n Broek ,  1984 ;  Trabass o &  Va n D e n 
Broek ,  1985) .  Thus ,  recal l  dat a m a y provid e a  use -
fu l  "psychological "  windo w fo r  revealin g th e detaile d 
structur e o f  th e schemat a use d b y peopl e i n th e stor y 
comprehensio n process . 

Fletcher and Bloom (1988) described a model of 
stor y comprehensio n whic h integrate d th e earlie r  mod -
ellin g wor k b y Kintsc h an d Va n Dij k (1978 )  wit h recen t 
findings  regardin g th e importanc e o f  causa l  knowledg e 
i n tex t  comprehensio n (e.g. ,  Fletche r  &  Bloom ,  1988 ; 
Graesse r  e t  al. ,  1980 ;  Trabass o e t  al. ,  1984 ;  Trabass o 
& Va n D e n Broek ,  1985) .  Th e basi c idea s behin d 
th e earl y Kintsc h an d Va n Dij k mode l  wer e that :  (i ) 
text s ca n b e modelle d a s collection s o f  propositions , 
(ii )  group s o f  propostion s ar e processe d accordin g t o 
some know n order ,  (iii )  variou s "selectio n strategies " 
ar e use d t o decid e whic h group s o f  proposition s shoul d 
be maintaine d i n workin g memory ,  an d (iv )  th e tim e 

a propositio n spend s i n workin g memor y affect s h o w 
effectivel y th e propositio n wil l  b e store d an d retrieve d 
from  long-ter m memory .  Mor e recently .  Golde n an d 
Rumelhar t  (1991 )  place d considerabl e emphasi s upo n 
th e tempora l  dimensio n o f  stor y schemata .  Golde n an d 
Rumelhar t  (1991 )  bega n b y definin g a  "situatio n stat e 
space "  wher e a  poin t  i n situatio n stat e spac e coul d b e 
identifie d a s a  lon g lis t  o f  binar y features .  A  stor y wa s 
viewe d a s a  "partiall y  specified "  trajector y (i.e. ,  time -
ordere d sequenc e o f  points )  i n situatio n stat e space , 
whil e stor y understandin g wa s define d a s constructin g 
th e "mos t  probable "  trajector y whic h wa s consisten t 
wit h th e reader' s worl d knowledge . 

The goal of this research is to develop a fairly 
simpl e "minimal "  mode l  o f  stor y recal l  whos e under -
lyin g cognitiv e assurr̂ jtion s ca n b e empiricall y refine d 
and teste d i n considerabl e detail .  Th e propose d mode l 
i s a  specifi c  instantiatio n o f  th e mor e genera l  theor y o f 
tex t  comprehensio n propose d b y Golde n an d Rumel -
har t  (1991) ,  bu t  i s  als o closel y relate d t o th e clas s o f 
processin g model s considere d b y Fletche r  an d B loo m 
(1988) .  Th e propose d mode l  i s  essentiall y a  paral -
le l  distribute d processin g (PDP )  mode l  wit h a  statisti -
cal  interpretatio n (se e Golden ,  1988 ,  an d White ,  1989 , 
fo r  review s o f  thi s typ e o f  interpretation) ,  an d m a y b e 
briefl y summarize d a s a  five  paramete r  Jorda n sequen -
tia l  networ k (Jordan ,  1992 )  fo r  predictin g categorica l 
tim e serie s data .  Altemativel y th e mode l  m a y b e for -
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mall y viewe d a s a  non-linea r  constraine d time-serie s 

pat h analysi s statistica l  mode l  o f  th e tempora l  structur e 
i n fine e recal l  data .  Althoug h a  long-ter m goa l  o f  thi s 
researc h i s t o develo p a  mor e realisti c mode l  o f  stor y 

comprehensio n an d fre e recal l  processes ,  th e mode l  i n 
it s curren t  for m ca n directl y ai d researcher s w h o wis h 
t o empiricall y evaluat e an d compar e alternativ e detaile d 
representationa l  assumption s o f  thei r  o w n theorie s o f 

human knowledg e an d tex t  representation . 

Modelling Assumptions 

Following Golden and Rumelhart (1991), consider 
th e "situatio n stat e space "  fo r  a  simplifie d versio n o f  th e 
stor y Jac k an d Jil l  whic h i s specifie d b y th e followin g 

featur e tabl e (Tabl e I) . 

Table I. Example Feature Table for a 
SimpUfie d "Jac k an d JiU "  Stor y (d=3) . 

Tex t  Featur e Categor y 

1.  Go (J&J .h iU ) 

2.  Desir e (J&J,water ) 

3.  Inges t  (Jack,water ) 

Sentenc e Fragmen t  o f 
Origina l  Stor y 

Jac k an d Jil l  wen t  u p a 
hil l 

t o ge t  a  drin k o f  water . 

Jac k ha d a  drin k o f 
water . 

Thus ,  di e stor y i s specifie d b y th e ordere d se t  o f 
tex t  features :  {  / i ,  /2 ,  / a }  Suppos e a  subjec t  recall s th e 
stor y Jac k an d Jil l  a s follows :  Jac k an d Jil l  wante d a 
drin k o f  wate r  s o the y wen t  u p a  hill .  Jac k ha d a  drin k 
o f  water .  Thi s recal l  protoco l  i s  represente d usin g th e 
situatio n stat e spac e codin g schem e i n Tabl e 1  a s th e 
ordere d se t  o f  features :  { f 2 - h h ) -

I n additio n t o specifyin g a  situatio n stat e space , 
i t  i s  als o necessar y t o specif y critica l  pair-wis e rela -
tionship s a m o n g th e tex t  featur e element s followin g 
th e wori c o f  Graesse r  e t  al .  (1980 )  an d Trabass o e t 
al .  (1984) .  I n thi s pape r  onl y thre e type s o f  relation -
ship s ar e considere d bu t  th e mode l  ca n b e extende d 
t o includ e additiona l  type s o f  relationships .  A  pur e 
episodi c relationshi p i s a n ordere d pai r  (/j ,  /i )  o f  tw o 
tex t  feature s suc h that :  (i )  tex t  feature ,  fi ,  immediatel y 
precede s tex t  feature,/̂ ,  i n th e origina l  tex t  whic h wa s 
pres«ite d t o th e subject ,  an d (ii )  tex t  featur e f j  i s  no t  a 
causa l  consequenc e o f  tex t  featur e f i  withi n th e story' s 
context .  A  pur e causa l  relationshi p i s a n ordere d pai r 
ifj^fi )  o f  tw o tex t  feature s suc h that :  (i )  tex t  feature , 
fi ,  doe s no t  immediatel y preced e tex t  feature ,  fj ,  i n 

th e origina l  tex t  whic h wa s presente d t o th e subject , 

and (ii )  tex t  feature ,  fj ,  i s a  causa l  consequenc e o f 
tex t  feature ,  fi ,  withi n th e story' s context .  Finally ,  a 
share d causal/episodi c relationshi p i s a n ordere d pair , 

ifj'fi) '  o f  'W O tex t  feature s suc h that :  (i )  tex t  feature , 
/, .  immediatel y precede s tex t  feature./̂ ,  i n th e origina l 
tex t  whic h wa s presente d t o th e subject ,  an d (ii )  tex t 
feature ,  fj ,  i s a  causa l  consequenc e o f  tex t  feature/ i 
withi n th e story' s context . 

Th e cognitiv e architectur e whic h wil l  b e use d t o 
model  th e fre e recal l  proces s i s  base d upo n a  typ e 
of  constraine d categorica l  Jorda n sequentia l  networ k 
(Jordan ,  1992 )  whic h ha s d  inpu t  units ,  d  hidde n units , 
and d  outpu t  unit s wher e d  i s th e dimensionalit y o f  th e 
situatio n stat e space .  Give n th e sequenc e o f  fH'eviou s 
item s recalle d b y th e model ,  th e networ k attempt s t o 
construc t  a n activatio n patter n ove r  th e outpu t  unit s 
whic h mdicate s wha t  ite m shoul d b e recalle d next . 
Figur e 1  show s th e basi c networ k architectur e applie d 
t o th e situatio n stat e spac e o f  Tabl e 1  wher e d=3 .  Th e 
stat e o f  eac h uni t  i s  a  real-value d numbe r  whic h i s 

referre d t o a s th e unit' s  activatio n value .  A n "activatio n 

pattern "  i s th e se t  o f  activatio n value s associate d wit h 
a particula r  grou p o f  units .  A  "situatio n activatio n 
pattern "  indicate s a  situatio n wher e onl y th e /t h featur e 
i s activ e b y a  se t  o f  d  activatio n value s wher e th e /t h 
activatio n valu e i s equa l  t o on e an d th e othe r  activatio n 
value s ar e se t  equa l  t o zero .  Fo r  example ,  featur e / 2 i n 
Tabl e 1  i s r^resente d a s a  situatio n activatio n patter n 
by th e i-dimensiona l  vector :  [ 0 1  0] . 

Th e inpu t  uni t  activatio n patter n o f  th e constraine d 
categorica l  sequentia l  Jorda n networ k depicte d i n Fig -
ur e 1  indicate s th e content s o f  th e model' s workin g 
memory buffer ,  y{t) ,  a t  th e curren t  instan t  i n time .  I n 
particular , 

y{t) = x{t - 1) + u.y{t - 1) 

where 0 < /i < 1. The vector x{t) is a situation ac-
tivatio n patte m whic h represent s th e /t h ite m whic h 
was recalle d b y th e model .  I f  th e workin g memor y 
spa n constan t  / x i s large ,  th e mode l  ha s difficult y dis -
criminatin g pas t  item s whic h wer e recalled .  Moreover , 
i n thi s cas e th e model' s recal l  o f  th e curren t  tex t  fea -
tur e i s  functionall y dependen t  upo n th e las t  grou p o f 
item s recalle d b y th e model .  O n th e othe r  hand ,  i f  ft ,  i s 
small ,  th e model' s recal l  o f  th e curren t  tex t  featur e i s 
onl y functionall y dependen t  upo n th e las t  tex t  featur e 
recalled .  Th e presenc e o f  a  workin g m e m o r y spa n con -
stan t  suc h a s / x i s no t  inconsisten t  wit h recen t  theorie s 
of  tex t  comprehensio n an d retrieva l  processe s (Fletche r 
& Bloom ,  1988 ;  Kintsc h &  Va n Dijk ,  1978) . 

Th e connection s fro m th e hidde n uni t  laye r  t o th e 
outpu t  uni t  laye r  ar e fixed  an d no t  modifiable .  Thes e 
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connection s ar e chose n s o tha t  th e Jt h outpu t  uni t  acti -
vatio n valu e m a y b e interprete d a s th e probabilit y  Uia t 
tex t  featur e /  i s recalle d Thi s "respons e competition " 
assumptio n (se e Murdock ,  1974 ,  pp .  82-88 ,  fo r  a  dis -
cussio n o f  th e experimenta l  evidenc e supportin g thi s 
assumption )  i s  formall y instantiate d b y th e followin g 
formula : 

wher e hi{t )  i s  th e activatio n o f  th e it h hidde n uni t  a t 
tim e t  an d Piit )  i s  th e activatio n o f  th e it h outpu t  uni t 
at  tim e / . 

X o t t - i ) 

Figur e I .  T h e constraine d categorica l  Jorda n 
sequentia l  networ k fo r  a  tex t  wit h d = 3 
(se e tex t  fo r  additiona l  details) . 

The connections from the input unit layer to the 
hidde n uni t  laye r  ar e n o w considered .  Thes e connec -
tion s ar e modifiable ,  bu t  tliei r  value s ar e als o highl y 
constrained .  Eac h "connectio n strength "  o r  "weight " 
fro m th e inpu t  uni t  laye r  t o th e hidde n uni t  laye r  ca n 
be onl y on e o f  thre e types :  (i )  "pure "  episodi c whic h i s 
represente d b y a  singl e dashe d arrow ,  (ii )  "pure "  causa l 
whic h i s represente d b y a  singl e soli d arrow ,  an d (iii ) 
"shared "  causal/episodi c whic h i s represente d b y bot h a 
dashe d an d soli d arrow .  Al l  pur e episodi c connection s 

hav e exactl y th e sam e connectio n strengt h valu e whic h 
i s referre d t o a s  t] .  Al l  pur e causa l  connection s hav e 
exactl y th e sam e connectio n strengt h valu e whic h i s re -
ferre d t o a s fi .  A n d al l  share d causal/episodi c connec -
tion s hav e exactl y th e sam e connectio n strengt h valu e 
whic h I S referre d t o a s 7 .  Thus ,  th e value s o f  al l  con -
nection s fi-o m th e inpu t  uni t  laye r  t o th e hidde n uni t 
laye r  ar e identifie d i f  th e fre e parameter s 77 ,  ft,  an d 7 
ar e known .  Figur e 1  show s h o w th e causa l  an d episodi c 
connection s fo r  th e situatio n stat e spac e i n Tabl e 1  ar e 
instantiate d i n th e model .  Formally ,  thes e assumption s 
ar e instantiate d b y th e followin g equation : 

h,(t )  =  ^ [ r / c ,  +  ftb,,  +  7y.jlt/,(t ) 

where r.ij = 1 indicates that episodic relationship 

ift.fj )  i s  presen t  an d ei_ ,  =  0  indicate s th e episodi c 

relationship ,  {fiyfj) ,  i s  absent .  Th e othe r  constan t  di -
grap h parameter s bi j  an d (ji j  ar e specifie d i n a  simila r 

manner  fo r  th e pur e causa l  an d share d causal/episodi c 
relationships .  Thus ,  th e constant s e,j ,  6,̂ ,  </, j  pre -
cisel y specif y specifi c  assumption s abou t  th e underly -
in g causa l  chai n representatio n o f  th e story . 

Th e mode l  thu s fa r  indicate s h o w th e subject' s 
previousl y recalle d tex t  feature s wil l  mfluenc e h o w th e 
nex t  tex t  featur e wil l  b e recalle d i n term s o f  th e fou r 
fre e parameters :  ft.  t] ,  7 .  an d /i .  I t  i s  assume d tha t  th e 
probabilit y  tha t  th e subjec t  recall s M tex t  feature s fro m 
m e m o ry i s give n b y a  Poisso n distributio n whos e m o d e 
and m e a n ar e identifie d b y th e fifth  fre e paramete r  A . 
Thus ,  A  i s referre d t o a s th e paramete r  indicatin g th e 
expecte d numbe r  o f  item s recalled . 

Application of the PDP Model 

t o Recal l  Dat a Analysi s 

The proposed connectionist model was used to an-
alyz e childre n an d adul t  fre e recal l  data .  Th e purpos e 
of  thi s experimen t  wa s t o se e i f  estimate d mode l  param -
eter s wer e "psychologicall y consistent "  wit h respec t  t o 
th e existin g experimenta l  literature .  Ther e wer e severa l 
experimenta l  question s whic h wer e o f  particula r  inter -
est  i n thi s pilo t  tes t  o f  th e psychometri c P D F model' s 
performance .  First ,  ar e ther e effect s o f  th e causa l  struc -
tur e paramete r  (J3) l  Second ,  a s retentio n interva l  in -
creases ,  doe s th e episodi c componen t  (r? )  o f  th e tempo -
ra l  structur e o f  th e fre e recal l  protoco l  decreas e whil e 
th e causa l  componen t  (ft )  increase s o r  remain s con -
stant ? Third ,  a s ag e increases ,  doe s th e episodi c com -
ponen t  (77 )  o f  th e tempora l  structur e o f  th e fre e recal l 
protoco l  increas e whil e tli e causa l  componen t  (ft )  de -
crease s o r  remain s constant ? Fourth ,  a s ag e increases , 
doe s th e workin g m e m o r y spa n paramete r  (/x )  increas e 
i n valu e indicatin g a n increase d workin g m e m o r y span ? 
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st imul i 

The four stories which Trabasso et al. (1984) used 
t o construc t  causa l  chai n representation s an d evaluat e 
children' s recal l  performanc e wer e used .  Th e dimen -

sionality ,  d ,  associate d wit h eac h stor y range d from 

2 2 t o 25 .  Th e causa l  digrap h representation s use d t o 

decid e whic h tex t  feature s wer e causall y relate d wer e 

empiricall y derive d base d upo n ratin g dat a collecte d 
from  colleg e student s bu t  th e result s reporte d belo w 

ar e simila r  whe n causa l  digraph s base d upo n th e orig -

ina l  Trabass o e t  al .  (1984 )  analyse s ar e used . 

P r o c e d u r e 

Two fifth grade classes of children (n=52) each 
rea d on e o f  th e fou r  stories ,  an d wer e the n aske d t o 
writ e thei r  recal l  o f  th e fou r  storie s from  memory .  I n 
addition ,  colleg e student s (n=24 )  rea d an d recalle d tw o 
of  th e sam e fou r  storie s i n bot h a n immediat e recal l 

conditio n an d a  one-wee k delaye d recal l  condition . 

D a t a a n a l y s i s a n d result s 

The recall data was coded by two coders and an 
acc^>tabl e intercoder-reliabilit y  ( k =  0.8 )  wa s obtained . 

M o d el  selection .  Th e mode l  wa s fit  t o bot h th e 
childre n an d adul t  recal l  dat a usin g five  differen t  value s 
fo r  th e workin g m e m o r y spa n paramete r  /r .  n i  = 

0/8,/i 2 =  1/8,/X 3 =  2/8 ,  M 4 =  3/8,/X 5 =  4/8 . 
For  th e adul t  immediat e an d delaye d recal l  data ,  th e 
"best-fitting "  valu e o f  n ,  /X3=0.2 5 wa s significantl y 
differen t  a t  th e experiment-wis e significanc e leve l  a ,  = 
0.05/ 4 =  0.012 5 from  miiA»2 .  an d ^5 .  Th e differenc e 
i n value s betwee n ^ 3 an d H i  wa s onl y marginall y 
significan t  ( p =  0.03 )  a t  th e prese t  experiment-wis e 
significanc e level . 

For  th e childre n recal l  data ,  th e "best-fitting " 

valu e o f  /x ,  ̂ 3=0.2 5 wa s significantl y differen t  a t  th e 
experimrait-wis e significanc e leve l  a c =  0.05/ 4 = 

0.012 5 from  onl y /xj . 

Dat a analysis .  Th e five  mode l  parameter s wer e 
the n estimate d fo r  eac h o f  th e fou r  storie s fo r  eac h o f 
th e thre e dat a set s (children ,  adul t  immediat e recall , 
an d adul t  delaye d recall )  usin g th e "best-fitting "  valu e 
of  n ,  /i3=0.25 .  Th e averag e paramete r  estimate s acros s 
storie s whic h resulte d from  "learning "  th e recal l  dat a 
fo r  eac h o f  th e thre e group s ar e show n i n Tabl e 2 .  A s 
previousl y noted ,  t ? refer s t o th e lin k strengt h o f  th e 
episodi c links ,  y ^  i s th e lin k strengt h o f  causa l  links , 
7 i s th e lin k strengt h o f  link s whic h ar e bot h causa l 
an d ^isodic ,  an d A  i s th e averag e numbe r  o f  item s 
recalle d pe r  story . 

Let  11 ;  b e a  12-dimensiona l  vecto r  containin g th e 
paramete r  estimate s o f  som e unobservabl e paramete r 
vecto r  w  whos e j't h elemen t  i s Wi  i n Tabl e 2 .  Golde n 
(1993 )  prove d tha t  unde r  fairl y  genera l  conditions ,  th e 
paramete r  vecto r  it ;  i s  a  quasi-maximu m likelihoo d es -

timat e whic h converge s t o a  uniqu e paramete r  vecto r  a s 

th e numbe r  o f  subject s increases .  Golde n (1993 )  use d 

White' s (1989 )  asymptoti c statistica l  theor y t o deriv e 

a formul a fo r  th e variance ,  Cj, ,  associate d wit h th e it h 
paramete r  estimat e an d th e covariance ,  Cij ,  associate d 

wit h th e it h andyt h paramete r  estimates .  Golde n (1993 ) 

showe d h o w t o us e th e Wal d tes t  involvin g th e Wal d 

statisti c W recommende d b y Whit e (1989 )  t o tes t  nul l 
hypothese s o f  th e form :  H o :  ̂ -  SiW i  =  0  wher e th e 
coefficient s a ^  ar e th e coefficient s o f  a  "contrast "  o r 
"selection "  vector .  I n addition ,  Golde n (1993 )  showe d 
h o w t o us e th e Wal d tes t  t o construc t  "omnibus "  statis -
tica l  test s fo r  decidin g i f  th e se t  o f  parameter s estimate d 
from  on e dat a se t  ar e significantl y differen t  from  th e se t 
of  paramete r  estimate s associate d wit h anothe r  dat a set . 

Table 2. Model parameter estimates averaged across 
fou r  storie s fo r  eac h o f  th e thre e dat a sets . 

Fift h Grader s 

Adul t  Immediat e 

Adul t  1-Wee k 
Dela y 

V 

3.6 5 

3.9 9 

3.7 1 

/? 

2.1 5 

2.0 5 

1.8 4 

7 

3.6 0 

3.9 8 

3.6 8 

A 

10. 2 

14. 1 

13. 1 

The result s o f  th e dat a analysi s ar e n o w reporte d 
usin g th e statistica l  test s derive d b y Golde n (1993) . 

The first  o f  tw o planne d omnibu s conparison s betwee n 

th e adul t  immediat e recal l  conditio n an d adul t  delaye d 
recal l  conditio n wa s significan t  ( W ( 4 )  =  11.9 ,  p  < 
0.02) .  Post-ho c analyse s o f  th e dat a indicate d tha t 
thes e difference s wer e mos t  likel y du e t o effect s o f  onl y 
th e episodi c digrap h {[ q +  7]/2)(W(l )  ̂  7.26, p < 
.01 )  an d a n effec t  o f  th e numbe r  o f  item s recalle d 
(A )  ( W ( l )  =  5.73, p <  .02) .  Additiona l  post-ho c 
analyse s showe d tha t  th e causa l  strengt h paramete r 
(J3 )  wa s significantl y differen t  from  zer o (W^(l )  = 
765 ,  p  <  0.001 )  a s wa s th e episodi c strengt h paramete r 
(tj )  (1^(1 )  =  3099, p <  0.001) . 

The secon d omnibu s compariso n betwee n th e chil -
dre n recal l  dat a an d th e adul t  immediat e recal l  d a U 
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was highl y significan t  (W(5 )  ^  73.18, p <  0.001) . 

Post-ho c analyse s o f  th e dat a indicate d tha t  thes e dif -

ference s wer e du e t o a n effec t  o f  numbe r  o f  item s re -
calle d (A )  (^(1 )  =  67.8 ,  p  <  0.001) .  an d a n effec t  o f 
episodi c structur e ([7?+7]/2)(W(l )  =  8.32, p <  .005) . 
Additiona l  post-ho c analyse s showe d tha t  tli e causa l 

strengt h paramete r  (/? )  wa s significantl y differen t  from 
zer o {W{1 )  =  54e, p <  0.001 )  a s wa s th e episodi c 
strengt h paramete r  (t/ )  (1^(1 )  =  2507 ,  p  <  O.OOl) . 

Discussion 

The positive contribution of the causal strength 
paramete r  (() )  replicate s an d extend s previou s findings 
(e.g. ,  Graesse r  e t  al. ,  1980 ;  Trabass o an d Va n De n 
Broek ,  1985 )  tha t  causa l  structur e doe s influenc e mem-
or y fo r  tex t  b y demonstratin g th e effect s o f  causa l  struc -
tur e upo n th e ten̂ xjra l  structur e o f  recal l  protocols .  I n 
addition ,  a s retentio n interva l  increased ,  effect s o f  pur e 
causa l  structur e (Ji )  remaine d constan t  whil e effect s 
of  episodi c structur e (Tj-Ky )  decrease d whic h provide s 
convergin g evidenc e supportin g previou s findings  (e.g. , 
Kintsc h &  Va n Dijk ,  1978 ;  Trabass o e t  al. ,  1984 ;  Tra -
bass o &  Va n De n Broek ,  1985) .  Fo r  th e developmen -
ta l  data ,  a s ag e increased ,  effect s o f  pur e causa l  struc -
tur e (JJ )  remaine d constan t  whil e effect s o f  episodi c 
structur e (f/+7 )  increased .  Thi s finding  replicate s th e 
findings  o f  Mandle r  (1978 )  an d Mandle r  an d DeFores t 
(1979 )  an d additionall y suggest s tha t  children' s recal l 
i s  mor e schem a base d sinq̂ l y becaus e childre n forge t 
more detail s o f  th e text' s tempora l  structure .  Thus ,  th e 
model  seem s t o b e sufficientl y sensitiv e fo r  estimatin g 
critica l  paramete r  value s directl y from  recal l  protoco l 
data . 

Still ,  ther e wa s a n absenc e o f  age-relate d effect s 
upon th e workin g memor y spa n f>aramete r  (//, )  whic h 
was puzzlin g sinc e Goldman ,  Hogaboam ,  Bell ,  &  Per -
fett i  (1980 )  di d find  suc h effect s usin g a  memor y prob e 
task .  O n th e othe r  hand ,  th e workin g memor y spa n pa -
ramete r  di d appea r  t o b e text-dependen t  whic h i s con -
sisten t  wit h Fletcher' s (1986 )  post-ho c dat a analyses . 
Finally ,  th e smal l  numbe r  o f  text s an d th e develop -
menta l  compariso n betwee n fifth  grader s an d adult s a s 
oppose d t o secon d an d fifth  grader s sugges t  tha t  th e 
abov e experimenta l  findings  shoul d b e cautiousl y in -
terpreted . 
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