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Abstract 

The goal of this research is to unify two different 
approache s t o th e stud y o f  tex t  comprehensio n an d 
recal l .  Th e firs t  o f  thes e approaches ,  exemplif ie d b y 
th e wor k o f  Trabass o an d hi s colleague s (Trabass o & 
Sperry ,  1985, *  Trabass o &  va n de n Broek ,  1985 )  view s 
comprehensio n a s a  proble m solvin g tas k i n whic h th e 
reade r  mus t  discove r  a  serie s o f  causa l  l ink s tha t 
connec t  a  text ' s openin g t o it s fina l  outcome .  Th e 
secon d approach ,  typif ie d b y Kintsc h an d va n Dij k 
(1978 ;  va n Dij k &  Kintsch ,  1983 )  emphasize s th e 
importanc e o f  short-ter m memor y a s a  bott lenec k i n th e 
comprehensio n process .  We combin e thes e approache s b y 
assumin g tha t  th e mos t  likel y causa l  anteceden t  t o th e 
nex t  sentenc e i s alway s hel d i n short-ter m memory . 
Fre e recal l  dat a fro m thre e text s ar e presente d i n 
suppor t  o f  thi s assumption . 

The research reported here represents an attempt to unify 
tw o separat e approache s t o th e stud y o f  tex t  comprehensio n an d 
recal l .  Th e firs t  o f  thes e approache s view s comprehensio n a s a 
proble m solvin g proces s i n whic h th e reade r  mus t  discove r  a 
sequenc e o f  causa l  l ink s tha t  connec t  a  text' s openin g t o it s 
fina l  outcom e (Blac k &  Bower ,  1980 ;  Schank ,  1975 ;  Trabass o & 
Sperry ,  1985 ;  Trabass o &  va n de n Broek ,  1985) .  Th e secon d 
approac h (Kintsc h &  va n Dijk ,  1978 ;  Mil le r  &  Kintsch ,  1980 ; 
Fletcher ,  1981 ,  1986 ;  va n Dij k &  Kintsch ,  1983 )  emphasize s th e 
importanc e o f  short-ter m memor y a s a  bott le-nec k i n th e 
comprehensio n process .  We wil l  sho w tha t  a  reader' s short-ter m 
memory alway s contain s th e mos t  likel y causa l  antecedent s o f  th e 
nex t  sentence .  Thi s allow s th e discover y o f  a  "causa l  chain " 
l inkin g a  text ' s openin g t o it s fina l  outcom e withi n th e 
constraint s impose d b y a  l imited-capacit y short-ter m memory . 

Both of the approaches we are considering here have been 
use d t o predic t  whic h element s o f  a  tex t  wil l  b e recalle d best . 
I n th e proble m solvin g approac h o f  Trabass o an d hi s colleague s 
clause s ar e treate d a s th e primar y uni t  o f  analysi s an d i t  ha s 
bee n demonstrate d that :  (1 )  Clause s tha t  li e o n th e causa l  chai n 
tha t  connect s a  text ' s openin g t o it s fina l  outcom e ar e recalle d 
bet te r  tha n otherwis e comparabl e clause s (Blac k &  Bower ,  1980 ; 
Trabass o &  va n de n Broek ,  1985) .  (2 )  Th e mor e causa l  connection s 
a claus e ha s t o th e res t  o f  th e text ,  th e bette r  i t  i s  recalle d 
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(Trabass o &  va n de n Broek ,  1985) .  Thes e result s provid e clea r 
suppor t  th e conclusio n tha t  th e causa l  structur e o f  a  tex t  i s  a n 
importan t  determinan t  o f  ho w tha t  tex t  wi l l  b e understoo d an d 
remembered . 

Kintsch and his colleagues (see e.g. Kintsch & van Dijk, 
1978 ;  Mi l le r  &  Kintsch ,  1980 )  hav e als o bee n successfu l  a t 
predictin g whic h port ion s o f  a  tex t  wil l  b e recalle d best .  The y 
begi n wit h th e followin g assumptions :  (1 )  Th e meanin g o f  a  tex t 
i s  represente d i n long-ter m memor y a s a  networ k o f  semanti c 
proposit ion s calle d a  textbase .  (2 )  Text s ar e processe d i n 
cycles ,  roughl y correspondin g t o sentences .  (3 )  Durin g eac h 
cycle ,  short-ter m memor y ca n onl y hol d th e curren t  sentenc e plu s 
on e t o fou r  proposit ion s fro m earlie r  i n th e text .  (4 )  Tw o 
proposition s mus t  co-occu r  i n short-ter m memor y t o b e strongl y 
associate d i n long-ter m memory .  (5 )  Tw o proposit ion s mus t  b e 
referentiall y  coheren t  (i.e. ,  the y mus t  refe r  t o th e sam e person , 
object ,  o r  event )  t o b e strongl y associate d i n long-ter m memory -
They the n argu e tha t  eac h proposit io n fro m a  tex t  shoul d b e 
recalle d wit h probabil i t y  I - ( I -e ) ^  wher e p  i s th e probabil i t y  o f 
recallin g a  proposit io n tha t  remain s i n short-ter m memor y fo r 
jus t  on e processin g cycl e an d k  i s th e numbe r  o f  cycle s tha t  a 
give n proposit io n remain s i n short-ter m memory .  A  procedur e 
calle d th e "leading-edg e strategy "  i s use d t o predic t  th e 
content s o f  short-ter m memor y durin g eac h processin g cycl e and , 
therefore ,  th e valu e o f  k  fo r  eac h proposit ion .  Thi s strateg y 
use s forma l  propertie s o f  th e underlyin g textbas e t o determin e 
whic h proposit ion s remai n i n short-ter m memory . 

Clearly, there are important differences between these two 
approaches .  The y assum e differen t  basi c unit s o f  analysi s 
(clause s v s .  proposi t ions) .  The y assum e tha t  th e component s o f  a 
text s ar e hel d togethe r  b y differen t  relation s (causa l  v s . 
referent ial) .  On e assume s tha t  tw o tex t  element s ca n onl y b e 
connecte d i f  the y co-occu r  i n a  limite d capacit y short-ter m 
memory,  th e othe r  assume s tha t  al l  possibl e connection s ar e mad e 
by th e reader .  Finally ,  differen t  mechanism s ar e assume d t o 
contribut e t o th e recallabilit y  o f  a  tex t  elemen t  (causa l 
structur e vs .  tim e i n short-ter m memory) . 

We believe that each approach has captured elements of the 
truth .  A s a n initia l  ste p towar d a  unifie d model ,  w e wil l 
attemp t  t o show :  (1 )  Tha t  Trabasso' s causa l  analysi s work s a s 
wel l  whe n proposition s ar e take n a s th e fundamenta l  uni t  o f 
analysi s a s i t  doe s wit h claus e units .  (2 )  Tha t  bot h referentia l 
and causa l  connection s contribut e t o th e coherenc e o f  a  text . 
(3 )  Tha t  th e proposition s mos t  usefu l  fo r  understandin g th e 
causa l  structur e o f  a  tex t  ar e alway s hel d i n short-ter m memory . 
(4 )  Tha t  bot h th e numbe r  o f  processin g cycle s tha t  a  proposit io n 
spend s i n short-ter m memor y an d th e numbe r  o f  referentiall y  an d 
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causal l y relate d proposit ion s tha t  co-occu r  wi t h i t  i n short-ter m 
memory inf luenc e it s recallabil i ty . 

The success of our approach depends critically on the 
assumptio n tha t  reader s ca n identif y an d hol d i n short-ter m 
memory th e proposit ion s tha t  ar e th e mos t  likel y causa l 
antecedent s o f  th e nex t  sentenc e the y read .  Ye t  i t  i s  obviou s 
tha t  Kintsc h an d va n Dijk' s (1978 )  leading-edg e strateg y doe s no t 
accompl is h th i s task .  I n thre e simpl e narrative s tha t  w e 
analyzed ,  th e leading-edg e strateg y onl y allowe d 31 % o f  th e 
possibl e causa l  connection s betwee n proposit ion s t o b e detected . 
Two al ternat iv e strategie s tha t  w e examine d offe r  a  significan t 
improvemen t  ove r  thi s f igure .  Th e firs t  o f  thes e w e cal l  th e 
current-stat e strategy .  A  reade r  followin g thi s strateg y woul d 
selec t  th e las t  proposit ion ,  o r  conjunctio n o f  proposit ions , 
adde d t o th e causa l  chai n t o retai n i n short-ter m memor y a t  th e 
en d o f  eac h processin g cycle .  Thi s strateg y allow s 51 % o f  th e 
causa l  connect ion s i n a  tex t  t o b e detected .  Th e othe r 
al ternat iv e strateg y w e wis h t o conside r  wil l  b e referre d t o a s 
th e current-stat e plu s goa l  strategy .  A  reade r  usin g thi s 
strateg y woul d alway s retai n i n short-ter m memor y th e current -
stat e i n th e causa l  chai n (a s define d above )  a s wel l  a s th e 
proposi t ion ,  o r  conjunctio n o f  proposit ions ,  describin g th e 
curren t  goa l  i n th e text .  Thi s strateg y represent s a  significan t 
increas e i n short-ter m memor y loa d relativ e t o th e current-stat e 
strategy ,  essential l y  doublin g th e numbe r  o f  proposit ion s tha t 
must  b e held-ove r  fro m earlie r  i n th e text .  Bu t  i t  al low s 69 % o f 
th e causa l  connection s i n a  tex t  t o b e detecte d an d bear s a 
marke d similari t y t o state-spac e searc h model s o f  huma n proble m 
solvin g (se e e.g .  Newel l  &  Simon ,  1972 ) .  I n wha t  follow s w e wil l 
at temp t  t o determin e whic h o f  thes e short-ter m memor y allocatio n 
strategie s (leading-edge ,  curren t  state ,  o r  current-stat e plu s 
goal )  mos t  accuratel y describe s th e performanc e o f  colleg e 
studen t  readers . 

Method 

Subjects 

Twenty-four students recruited from the subject pool at the 
Universi t y o f  Minnesot a participate d i n th e stud y fo r  cours e 
credi t .  Al l  subject s wer e nativ e speaker s o f  English .  Subject s 
wer e ru n i n smal l  group s o f  u p t o eigh t  people . 

Materials 

Nine texts were used in the experiment: six fillers and 
,thre e targets .  Eac h tex t  consiste d o f  te n sentences ,  an d 
containe d fou r  goal s hierarchicall y embedde d wit h on e 
superordinat e goal .  Tes t  booklet s wer e constructe d tha t 
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containe d a  pag e o f  instruction s followe d b y th e nin e text s i n 
th e followin g sequence :  tw o fille r  text s a t  th e beginning ,  tw o 
fille r  text s randoml y distribute d amon g th e thre e targe t  texts , 
and tw o fi l le r  text s a t  th e end ,  followe d b y fre e recal l 
instruction s fo r  eac h o f  th e fiv e middl e texts .  Recal l  o f  th e 
fiv e text s wa s i n th e sam e orde r  a s presented .  Eac h tex t  an d 
eac h recal l  wa s o n a  separat e page . 

The prepositional structure for each text was derived 
independentl y b y th e tw o author s usin g th e procedure s describe d 
i n Bovai r  an d Kiera s (1985) .  Th e causa l  connection s an d th e 
proposition s include d i n eac h causa l  uni t  wer e determine d 
independentl y b y th e tw o author s accordin g t o th e criteri a 
propose d i n Trabass o an d Sperr y (1985) .  An y discrepancie s wer e 
resolve d throug h discussion . 

Procedure 

The experiment consisted of two self-paced phases. During 
th e firs t  phase ,  al l  subject s wer e instructe d t o rea d th e nin e 
text s throug h onc e a t  thei r  norma l  readin g speed ,  payin g clos e 
attentio n t o th e storie s becaus e late r  the y woul d b e aske d t o 
recal l  them .  I n th e secon d phase ,  subject s wer e give n th e t i t le s 
fro m th e fiv e middl e text s o n separat e page s an d instructe d t o 
tr y t o writ e dow n a s muc h a s the y coul d fro m eac h tex t  usin g th e 
exac t  word s i f  possible . 

Results 

All recall protocols for the three target texts were scored 
agains t  thei r  correspondin g prepositiona l  structure s 
independentl y b y th e tw o authors .  A  proposit io n wa s score d a s 
recalle d i f  an y meaning-preservin g paraphras e o f  i t  wa s presen t 
i n th e recal l  protocol .  Agreemen t  wa s 95 % an d al l  discrepancie s 
wer e resolve d throug h discussion . 

All analyses were conducted on the three target texts 
combine d (i.e. ,  analyzin g fo r  th e effec t  o f  tex t  an d it s 
interact ions) ,  a s wel l  a s independently .  Bu t  becaus e th e effec t 
of  tex t  an d it s interaction s accounte d fo r  les s tha n on e percen t 
of  th e varianc e i n eac h o f  ou r  analyses ,  w e wil l  onl y presen t 
result s fo r  th e thre e text s combined . 

The first step in attempting to integrate the two approaches 
t o tex t  comprehensio n an d recal l  i s  t o asses s whethe r  o r  no t  th e 
causa l  analysi s o f  text ,  a s propose d b y Trabass o an d Sperr y 
(1985 )  ca n b e applie d t o th e proposit io n a s th e uni t  o f  analysis . 
Multipl e regressio n analyse s wer e carrie d ou t  o n th e probabil i t y 
of  recal l  o f  eac h proposit io n i n eac h story ,  wi t h th e independen t 
variable s bein g whethe r  o r  no t  a  proposit io n wa s o n th e causa l 
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chai n (Causa l  Chai n S ta tus ) ,  an d th e numbe r  o f  direc t  causa l 
connect ion s a  proposi t io n ha d wit h th e othe r  proposit ion s i n th e 
stor y (Causa l  Connection s Poss ib le ) .  Causa l  Chai n Statu s wa s a 
categorica l  independen t  var iable ,  wi t h proposit ion s o n th e causa l 
chai n receivin g a  scor e o f  one ,  an d proposit ion s no t  o n th e 
causa l  chai n receivin g a  scor e o f  zero . 

Table 1 
Proport ion s o f  Varianc e Accounte d fo r  b y Causa l  Chai n Statu s an d 
Causa l  Connect ion s Possibl e 

r 2 
Alon e Uniqu e 

Ful l  Mode l  =  .1934* * 
Causa l  Connect ion s Possibl e .1273** *  .001 6 
Causa l  Chai n Statu s .1918** *  .0661* * 
*  E< .05 ;  * *  E< .01 ;  ** *  e<.00 1 

As can be seen by examination of Table I, Causal Connections 
Possibl e alone ,  an d Causa l  Chai n Statu s alon e eac h accounte d fo r 
signif ican t  proport ion s o f  var iance .  I n addit ion ,  Causa l  Chai n 
Statu s uniquel y accounte d fo r  a  signif ican t  proport io n o f 
var iance ,  whi l e Causa l  Connection s Possibl e faile d t o accoun t  fo r 
an y signif ican t  uniqu e var iance .  Th e interactio n betwee n th e tw o 
factor s wa s no t  signif icant . 

The previous results demonstrate that causal analysis works 
usin g th e proposit io n a s th e uni t  o f  analysis .  However ,  thes e 
analyse s wer e conducte d unde r  th e operationa l  assumptio n tha t  th e 
workin g memor y i s o f  unlimite d capacity .  A  crit ica l  assumptio n 
of  th e Kintsc h an d va n Dij k (1978 )  tex t  processin g mode l  i s tha t 
becaus e o f  th e limite d capacit y o f  short-ter m memory ,  reader s 
proces s a  tex t  i n a  numbe r  o f  cycles .  Durin g eac h cycle ,  a 
l imite d numbe r  o f  proposit ion s ente r  short-ter m memor y an d ar e 
interrelate d wi t h proposit ion s retaine d fro m th e previou s cycle . 

The next step in attempting to integrate the two approaches 
i s t o tes t  th e causa l  assumption s withi n th e confine s o f  a 
l imite d capacit y shor t  ter m memory .  T o accomplis h th is ,  th e nex t 
se t  o f  analyse s wa s conducte d t o ascertai n whic h o f  th e variou s 
shor t  ter m memor y al locatio n strategie s describe d earlie r 
provide s th e bes t  fi t  wit h th e recal l  data .  First ,  a  minimu m 
chi-squar e criterio n wa s use d t o fin d th e valu e o f  p  whic h 
produce s th e bes t  fi t  betwee n predicte d an d observe d recal l 
probabi l i t ie s i n th e equatio n Pr(recall )  =  I - ( I -e ) ^  fo r  eac h 
combinat io n o f  strateg y an d text .  The n separat e mult ipl e 
regressio n analyse s o n th e probabil i t y  o f  recal l  wer e compute d 
fo r  eac h strategy ,  wi t h th e independen t  variable s bein g th e tim e 
eac h proposi t io n wa s predicte d t o spen d i n Short-ter m memor y 
(Tim e i n S T M ) ,  compute d a s I - ( I -e )^ ,  th e numbe r  o f  direc t  causa l 
connect ion s a  proposit io n ha d wit h th e othe r  proposit ion s allowe d 
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by thei r  co-occurrenc e i n Short-ter m memor y (Causa l  Connect ion s 
A l lowed) ,  an d th e numbe r  o f  referentia l  connection s a  proposit io n 
ha d wit h th e othe r  proposit ion s allowe d b y thei r  co-occurrenc e i n 
Short-ter m memor y (Referentia l  Connection s A l l owed) .  Th e presen t 
experimen t  use d sentenc e boundarie s t o del imi t  th e numbe r  o f 
proposition s enterin g Short-ter m memor y i n eac h cycle .  Tabl e 2 
present s th e proportion s o f  varianc e accounte d fo r  b y eac h model . 

Table 2 
Proportion s o f  Varianc e Accounte d fo r  b y th e Differen t  Shor t  Ter m 
Memory Allocatio n Strategie s 

r 2 
Alon e Uniqu e 

Current-State ;  Ful l  Mode l  = 
Tim e i n ST M 
Causa l  Connection s Allowe d 
Referentia l  Connection s Allowe d 

.2521** * 
.1976** * 
.2050** * 
.0470 * 

0466 * 
0455 * 
000 3 

Current-Stat e Plu s Goal ;  Ful l  Mode l  =  .1506** * 
Tim e i n ST M .1099** *  .009 0 
Causa l  Connection s Allowe d .1330** *  .0400* * 
Referentia l  Connection s Allowe d .021 1 .  010 5 

Leadincf-Edcfe ;  Ful l  Mode l  = 
Tim e i n ST M 
Causa l  Connection s Allowe d 
Referentia l  Connection s Allowe d 

.1293** * 
.0278 * 
.1283** * 
.0305 * 

001 0 
0921** * 
000 6 

E<.05 ;  * *  p<.01 ; :  ** * E<.00 1 

Tabl e 2  show s tha t  althoug h al l  thre e ful l  model s accoun t 
fo r  significan t  amount s o f  variance ,  th e Curren t  Stat e mode l 
account s fo r  th e most .  Withi n th e Curren t  Stat e model ,  al l  thre e 
variable s alon e accoun t  fo r  significan t  proportion s o f  var iance . 
However ,  onl y Tim e i n ST M an d Causa l  Connection s Allowe d accoun t 
fo r  significan t  amount s o f  uniqu e variance .  I t  appear s tha t 
withi n th e confine s o f  a  limite d capacit y Short-ter m memory ,  th e 
us e o f  a  strateg y base d o n retainin g th e las t  item s adde d t o th e 
causa l  chai n provide s th e bes t  fi t  wit h th e data . 

One result that is somewhat incongruous with previous 
finding s ha s t o d o wit h th e influenc e o f  referentia l  connections . 
Trabass o an d va n de n Broe k (1985 )  foun d tha t  referentia l 
connection s di d no t  accoun t  fo r  an y significan t  varianc e whe n 
compare d wit h causa l  connections .  However ,  thei r  analyse s wer e 
base d o n phrase s a s th e uni t  o f  analysis ,  an d o n al l  o f  th e 
possibl e connection s amon g thos e phrase s withi n a n unl imite d 
capacit y workin g memory .  Th e presen t  stud y foun d referentia l 
connection s t o contribut e a  significan t  non-uniqu e amoun t  o f 
varianc e withi n th e confine s o f  a  limite d capacit y Short-ter m 
memory.  Subsequen t  multipl e regressio n analyse s carrie d ou t  o n 
th e probabil i t y  o f  recal l  fo r  eac h proposit io n i n a n unlimite d 
capacit y Short-ter m memory ,  wit h th e numbe r  o f  referentia l 
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connect ion s an d th e numbe r  o f  causa l  connection s a s th e 
independen t  var iab les ,  replicate d th e finding s o f  Trabass o an d 
va n de n Broe k (1985) .  However ,  a  mode l  containin g bot h causa l 
an d referentia l  connection s account s fo r  mor e varianc e i n a 
l imite d capacit y Short-ter m memor y ( r2=.206) ,  tha n i t  doe s i n a n 
unl imi te d capacit y Short-ter m memor y (r2=.129) . 

These findings address the question of the manner in which 
th e proposi t ion s becom e interrelated .  Trabass o an d hi s 
col league s assum e thes e connection s t o b e solel y causal . 
However ,  th e presen t  experimenta l  result s see m t o sugges t  tha t 
bot h causa l  an d referentia l  connection s ar e established ,  wit h th e 
causa l  connect ion s bein g o f  greate r  strength . 

The final step in integrating these two approaches involved 
a direc t  compariso n o f  th e variable s employe d i n th e structura l 
analyse s (e.g. .  Causa l  Chai n Statu s an d Causa l  Connection s 
Poss ib le ) ,  wi t h th e variable s employe d i n th e processin g analyse s 
(e.g. .  Tim e i n STM,  Causa l  Connection s Allowed ,  an d Referentia l 
Connect ion s A l l owed ) . 

Table 3 
Proport ion s o f  Varianc e Accounte d fo r  b y Bot h th e Structura l 
Analysi s an d th e Processin g Analysi s Variable s 

r 2 
Alon e Uniqu e 

Structural Analysis Variables .1934*** .0199 
Processin g Analysi s Variable s .2521** *  .0786** * 
*  E< .05 ;  * *  E< .01 ;  ** *  e<.00 1 

Examination of Table 3 reveals that although both the 
structura l  an d processin g analysi s variable s alon e accoun t  fo r 
signif ican t  amount s o f  var iance ,  th e processin g analysi s 
var iable s accoun t  fo r  bot h mor e var iance ,  a s wel l  a s a 
signif ican t  amoun t  o f  uniqu e var iance . 

Discussion 

The results of this experiment can be summarized as follows. 
Firs t  o f  a l l ,  w e hav e show n tha t  th e causa l  analysi s suggeste d b y 
Trabass o an d hi s colleague s (e.g .  Trabass o &  Sperry ,  1985 ; 
Trabass o &  va n de n Broek ,  1985 )  ca n b e applie d a t  th e leve l  o f 
individua l  proposit ions .  Next ,  w e hav e demonstrate d tha t  th e 
proposi t ion s necessar y fo r  buildin g causa l  chains ,  a s identifie d 
by th e current-stat e strategy ,  ar e hel d i n short-ter m memor y a s a 
reade r  progresse s throug h a  text .  Finally ,  w e hav e show n tha t 
causal l y signif ican t  proposit ion s ar e recalle d bes t  because :  (1 ) 
the y remai n i n short-ter m memor y longer ,  an d (2 )  the y for m mor e 
referent ia l  an d causa l  l ink s t o othe r  proposit ions .  Thes e 
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finding s ar e importan t  becaus e the y provid e a  l inkag e betwee n tw o 
separate ,  an d sometime s competing ,  approache s t o th e stud y o f 
tex t  comprehensio n an d recal l . 

We are currently extending this research in a number of 
directions .  On e o f  thes e involve s examinin g o f  th e general i t y o f 
th e current-stat e strategy .  Her e w e ar e intereste d i n tw o 
issues :  (1 )  i s th e sam e strateg y use d wit h othe r  genr e o f  texts , 
an d (2 )  d o bot h goo d an d poo r  reader s emplo y thi s strategy ? We 
ar e particularl y intereste d i n th e possibi l i t y  tha t  poo r  reader s 
migh t  us e a  mor e rando m o r  idiosyncrati c selectio n strategy .  Th e 
instructiona l  implication s o f  suc h a  findin g ar e obvious .  We ar e 
als o developin g a  compute r  mode l  tha t  use s th e current-stat e 
strateg y t o cycl e throug h a  tex t  an d construc t  a  preposit iona l 
textbase .  Ou r  goa l  i s  t o combin e thi s comprehensio n mode l  wit h a 
model  o f  retrieva l  fro m long-ter m memor y s o tha t  w e ca n bette r 
understan d ho w thes e processe s interact . 
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