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On-l in e process in g o f  a  p r o c e d u r a l  t e x t 

Andr6 RENAUD 
Car l  H .  Frederikse n 

McGiLL University 

Abstract. The processing of sentences, propositions, and conceptual structures was studied using a task 
environmen t  whic h require d subject s t o read ,  interpre t  on-line ,  an d recal l  a  procedura l  tex t  whil e readin g time s wer e 
measure d fo r  eac h sentence .  A  declarativ e representatio n o f  th e conceptua l  fram e structur e o f  th e procedur e 
expresse d i n th e text ,  a s wel l  a s propositiona l  an d syntacti c analysi s o f  sentences ,  provide d variable s tha t  wer e use d 
t o predic t  thes e thre e set s o f  data .  Result s showe d tha t  propertie s o f  th e procedura l  frame ,  a s wel l  a s propositiona l 
density ,  an d claus e structur e predicte d readin g times ,  recall ,  an d on-lin e interpretation ,  an d tha t  readin g time s 
decrease d whe n high-leve l  conceptua l  frame  processin g increased .  Thes e result s wer e interprete d a s evidenc e fo r 
paralle l  on-lin e conceptua l  processin g o f  sentence s durin g input .  A s well ,  readin g time s fo r  informatio n nea r 
boundarie s o f  conceptua l  structur e reflecte d som e bufferin g i n comprehension . 

T h e stud y o f  comprehensio n a s a n on -

lin e proces s trie s t o identif y th e tempora l 
locu s o f  th e variou s c o m p o n e n t  processe s 
involve d i n tex t  comprehensio n an d thereb y 
t o tes t  hypothese s concernin g th e m a n n e r  i n 
wh i c h the y interact .  C o m p o n e n t  processe s 
hav e bee n associate d wit h differen t  level s o f 
representatio n o f  linguisti c an d semanti c 
information ,  tha t  is ,  syntacti c structure , 
proposition s an d conceptua l  fram e 
representations .  Thes e processin g 
componen t s ar e examine d b y usin g variable s 
derive d f ro m theorie s o f  tex t  representatio n 
t o predic t  variable s reflectin g on-lin e an d 
post-inpu t  processing . 

O ne approac h t o thi s proble m ha s 
emphasize d th e nee d fo r  th e elaboratio n o f 
explici t  mode l s o f  representatio n t o guid e 
research .  Thi s researc h ha s focuse d o n th e 
cognitiv e representation s tha t  ar e 
manipulated ,  an d th e relatio n o f  thes e t o 
prio r  know ledg e store d i n long-ter m 
m e m o r y .  Dat a tha t  ar e collecte d t o tes t 
theorie s ar e usuall y base d o n recal l  o r  othe r 
post-inpu t  tasks .  Thi s approac h ha s 
provide d high-leve l  description s o f  th e 
processe s tha t  tak e plac e i n comprehensio n 
bu t  ha s ha d difficult y i n identifyin g th e 

Thi s researc h wa s supporte d b y grant s fro m th e Socia l 
Scienc e an d Humanitie s Researc h Counci l  o f  Canad a an d 
fro m th e Natura l  Scienc e an d Engineerin g Researc h 
Counci l  o f  Canada .  Request s fo r  reprint s shoul d b e 
addresse d to :  Andr e Renaud ,  Laborator y o f  Applie d 
Cognitiv e Science ,  Departmen t  o f  Educationa l  Psycholog y , 
McGil l  Universit y .  370 0 McTavish ,  Roo m B-199 , 
Montreal ,  Quebec ,  Canada ,  H3 A 1Y2 . 

tempora l  locu s o f  processe s durin g on-lin e 
or  post-inpu t  processing . 

A secon d approac h ha s bee n m o r e 
c o n c e m e d wit h th e descriptio n o f 
componen t  processe s usin g real-tim e 
measure s suc h a s ey e m o v e m e n t s ,  w o r d 
readin g time s an d segmen t  readin g time s fo r 
variou s unit s o f  tex t  (Haberland t  &  Graesser , 
1985 ;  Rayne r  &  Carroll ,  1984) .  Th e 
underlyin g assumptio n i s tha t  th e tim e spen t 
readin g eac h o f  thes e unit s  i s a n indicatio n 
of  th e amoun t  o f  processin g eac h requires . 
Readin g tim e measure s ar e assume d t o 
reflec t  processin g o f  differen t  kind s o f  tex t 
strucmr e informatio n predicte d from a 
comprehensio n model .  Thi s i s don e b y 
specifyin g comprehensio n component s o n 
th e basi s o f  a  theory ,  an d the n i n eac h tex t 
unit ,  identifyin g measurabl e variable s 
correspondin g t o eac h component .  Th e 

assessmen t  o f  correlation s betwee n readin g 
time s an d thes e variable s ar e take n a s 
indicator s o f  th e contributio n o f  eac h 
componen t  t o th e comprehensio n process .  A 
majo r  difficult y underlyin g thes e studie s i s 
i n specifyin g h o w tempora l  measure s relat e 
t o specifi c  comprehensio n processes . 
Comprehensio n mus t  b e measure d from 
variable s tha t  ar e theoreticall y motivated , 
and tha t  ar e strongl y tie d t o th e componen t 

processe s the y ar e suppose d t o instantiate . 
Identifyin g theoretically-base d variable s 
require s a  detaile d mode l  o f  comprehension . 
However ,  suc h a  mode l  ha s bee n lackin g i n 
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most  researc h applyin g thi s approac h 
(Danks ,  1986) . 

The presen t  stud y investigate d 

comprehensio n processe s a s 3ie y operat e i n 
real-tim e durin g th e readin g o f  a  procedura l 

tex t  usin g measure s o f  readin g time s an d 
measure s derive d fro m th e on-lin e 
interpretatio n o f  tex t  units .  I n addition ,  post -

inpu t  recal l  measure s wer e als o obtained . 
Model s o f  propositiona l  an d procedura l 
representatio n o f  th e experimenta l  tex t 
(Frederiksen ,  1986) ,  a s wel l  a s clausa l 
analysi s o f  tex t  sentence s provide d 
theoretically-base d variable s tha t  wer e 
Unked t o th e thre e followin g level s o f 
processin g o f  tex t  units :  a )  syntacti c 
analysis ,  b )  propositio n generatio n an d 

inference ,  an d c )  th e generatio n o f  a 
conceptua l  fram e representatio n fo r  th e 
procedure .  Thes e model s o f  th e tex t 
informatio n provide d a  wa y t o lin k th e tw o 
on-lin e an d th e post-inpu t  recal l  measure s t o 
th e componen t  processe s associate d wit h th e 
processin g o f  thes e kind s o f  informatio n 
structure . 

Ther e i s a  considerabl e amoun t  o f 
informatio n o n th e actua l  processin g o f  th e 
dat a structure s correspondin g t o th e firs t  tw o 
component s ~  syntacti c strucmr e an d 
propositions .  A s fo r  th e third ,  th e 
conceptua l  fram e representatio n o f  th e 
knowledg e presente d i n a  text ,  a n importan t 
developmen t  i n thi s researc h ha s bee n th e 
definitio n o f  precis e model s o f  conceptua l 
processin g i n th e for m o f  semanti c 
grammar s simila r  t o propositiona l  gramma r 
use d t o defin e an d mode l  th e generatio n o f 
proposition s (Frederiksen ,  1986 ;  1987) . 

Frederikse n (1986 )  ha s define d on e suc h 
model  a s a  procedura l  gramma r  tha t  consist s 
of  a  serie s o f  rule s tha t  ca n generat e a 
networ k o f  node s an d links ,  calle d a 
"procedura l  frame" ,  o n th e basi s o f  a 
propositiona l  analysi s (Frederiksen ,  1975) . 
A nod e i n a  procedura l  fram e i s define d a s a 
dat a structur e tha t  ha s th e followin g 
information :  a )  a n actio n tha t  accomphshe s 
a goal ,  produce s a  resuh ,  an d ca n b e 
execute d b y someone ,  b )  a  lis t  o f  cas e 
informatio n associate d wit h tha t  action , 
c)  description s o f  relate d object s an d states , 
d)  test s tha t  ar e condition s t o th e executio n 

of  thi s procedure ,  an d e )  variou s link s 
among thes e nodes .  Thos e link s correspon d 

t o propositiona l  structure s i n Frederiksen' s 
model :  th e mos t  c o m m o n on e i n a 
procedura l  fram e i s th e "par t  relation" ,  i n 

whic h a  procedur e i s a  componen t  o f 
another ,  creatin g a  hierarchy .  Othe r  type s o f 

links ,  whic h ma y alte r  th e strictl y 
hierarchica l  aspec t  o f  th e fram e structur e 
includ e algebraic ,  dependency ,  category , 
identity ,  an d goa l  relations . 

The us e o f  a  conceptua l  fram e gramma r 
as a  too l  fo r  th e analysi s o f  procedura l  tex t 
als o assume s tha t  suc h a  gramma r  i s use d b y 
th e reader .  Readin g i s therefor e considere d 
as a  rule-base d proces s tha t  generate s an d 
augment s a  mode l  o f  th e text .  Thi s initia l 
representatio n i s partia l  whe n onl y a  fe w 
sentence s hav e bee n read ,  bu t  i t  guide s an d 
Umit s th e reader' s inferences .  Th e 
representatio n i s augmente d an d modifie d 
throughou t  th e readin g activity .  Th e reader' s 
knowledg e o f  th e possibl e procedura l 
strucmr e o f  th e tex t  help s i n plannin g th e 
readin g an d t o limi t  inference s t o thos e 
require d t o generat e th e model .  W e 
therefor e hypothesiz e tha t  th e processin g o f 
th e conceptua l  strucmr e o f  th e procedura l 
tex t  take s plac e durin g reading . 
Furthermore ,  w e believ e i t  i s possibl e t o 
asses s th e tempora l  locu s o f  thi s 
comprehensio n componen t  b y measurin g 
on-lm e interpretatio n an d readin g time s fo r 

variable s derive d fro m thi s concepma l 
structure .  Reader s tha t  ar e applyin g rule s t o 
generat e th e structur e o f  a  procedura l  tex t 
wil l  activel y searc h fo r  procedura l 
information ,  limitin g propositiona l  an d 
syntacti c processing .  Thi s wil l  reduc e 
readin g time s fo r  sentence s tha t  contai n 
proposition s whic h contai n informatio n 
relevan t  t o th e procedura l  structure . 

The first  objectiv e o f  thi s smd y wa s t o 
determin e i f  informatio n abou t  th e 
conceptua l  representatio n o f  th e procedur e i s 
processe d immediatel y a s th e tex t  unit s ar e 
read ,  o r  i f  a  "buffering "  strateg y delaye d thi s 
processin g unti l  "chunks "  o f  propositiona l 
informatio n hav e bee n generated .  I t  i s 
hypothesize d tha t  conceptua l  processe s take s 
plac e on-lin e an d tha t  th e resultin g 
comprehensio n o f  th e conceptua l 
informatio n i s use d t o reduc e th e processin g 
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loa d durin g reading .  Consisten t  wit h th e 
result s o f  Haberland t  (1980 )  an d Mandle r  & 

G o o d m an (1982) ,  w e als o expec t  tha t  som e 
loca l  bufferin g wil l  tak e place . 

A secon d objectiv e wa s t o tes t  whethe r 
on-lin e interpretatio n o f  tex t  sentence s o r 

multisentenc e "chunks "  woul d reflec t  frame -
generatio n processe s (i.e. ,  selectiv e 
processin g an d inference )  a s ha s bee n foun d 
t o occu r  durin g recall .  I t  wa s hypothesize d 

tha t  th e sam e frame  variable s woul d predic t 
on-lin e interpretatio n a s wel l  a s predic t 
recall . 

Third ,  i t  wa s hypothesize d tha t  a n 
experimenta l  manipulatio n o f  th e tim e o f 
interpretatio n woul d no t  affec t  thes e 
predictions . 

Method 

Text  variable s 
The analysi s o f  th e experimenta l  tex t  o n 

h o w t o collec t  fossi l  bones ,  whic h wa s a n 
unfamilia r  procedur e t o subjects ,  yielde d 
variable s tha t  correspon d t o th e thre e mai n 
componen t  processes .  A t  th e leve l  o f 
sentenc e processin g ou r  predicto r  wa s th e 
number  o f  majo r  clause s an d boun d adjunct s 
(Winograd ,  1983) .  Propertie s relate d t o th e 
generatio n o f  proposition s wer e derive d 
from  th e analysi s o f  th e experimenta l  tex t 
usin g Frederiksen' s propositiona l  gramma r 

(1975 ,  1986) .  Thi s provide d u s a s wel l  wit h 
a measur e o f  propositiona l  densit y (numbe r 
of  proposition s pe r  claus e pe r  sentence )  fo r 
th e secon d component .  Th e contributio n o f 
th e thir d componen t  proces s wa s studie d 
usin g propertie s o f  th e conceptua l  frame 
structure .  Usin g Frederiksen' s (1986 ) 
grammar  fo r  procedures ,  eigh t  mai n sub -
procedure s wer e identifie d whic h explai n 
h o w t o localiz e fossil s an d remov e them , 
h o w t o protect ,  transport ,  an d pu t  the m 
togethe r  again .  Thi s analysi s the n allowe d 
us t o classif y tex t  proposition s accordin g t o 
variou s propertie s o f  thi s representation : 
1)  procedura l  versu s non-procedura l 
propositions ,  2 )  th e type s o f  procedura l 
proposition s (actions ,  states ,  an d links) , 
3)  th e type s o f  non-procedura l  proposition s 
(linke d o r  no t  t o a n action) ,  4 )  th e sub -
procedur e t o whic h a  propositio n belongs , 
5)  proposition s a t  th e beginning ,  middl e o r 
end o f  a  component ,  6 )  an d th e leve l  o f  a 

propositio n i n th e hierarchy ,  whic h i s 
measure d b y th e numbe r  o f  link s separatin g 
an actio n from  th e mai n procedure . 

Subjects 
Subject s wer e thirt y fou r  graduat e 

smdent s from  th e educationa l  psycholog y 

departmen t  a t  McGil l  University .  Th e 

procedur e too k approximatel y 3 0 minute s 
fo r  eac h subject ,  teste d individually . 

Experimental conditions 
The experimenta l  condition s include d 

tw o between-subject s factors :  a )  presentatio n 
conditio n o f  th e tex t  (n o accumulatio n o f 

sentence s o n th e scree n versu s 
accumulation )  an d b )  th e executio n o f  a n on -

lin e interpretatio n tas k (readin g onl y versu s 
readin g an d interpretation) .  W h e n th e 
interpretatio n tas k occurre d wit h n o 
accumulation ,  interpretatio n wa s force d afte r 

eac h thir d sentence ;  whe n i t  occurre d wit h 
accumulation ,  th e interpretatio n wa s unde r 
th e subject' s control . 

Procedure 
Subject s rea d th e tex t  whil e controllin g 

th e rat e o f  presentatio n o f  th e 2 9 sentence s 
of  th e tex t  whic h appeare d on e b y on e o n th e 
scree n o f  a  computer .  T w o kind s o f  dat a 

wer e availabl e fo r  al l  subjects :  sentenc e 
readin g time s an d proposition s whic h wer e 
eithe r  recalle d o r  serve d a s th e basi s fo r  a n 
inferenc e i n th e subject' s protocol .  Fo r 
subject s i n a  tas k requirin g on-lin e 
interpretation ,  measure s o f  recal l  an d 
inferenc e wer e availabl e fo r  thei r  on-lin e 
interpretatio n protocol s a s well . 

A multivariat e repeate d measure s 
analysi s o f  varianc e wa s performe d fo r  eac h 
of  th e predicto r  variables ,  specifie d a s th e 
within-subject s factors .  I n eac h analysis , 
th e experimenta l  condition s wer e th e 

between-subject s factors :  presentatio n 
conditio n an d task ;  an d th e within-subject s 
facto r  wa s on e o f  th e predicto r  variables . 
W h en th e dependen t  variabl e wa s readin g 
time ,  ther e wa s onl y on e within-subject s 
factor ;  whe n th e dependen t  variable s wer e 
base d o n eithe r  th e recal l  o r  on-lin e 

protocols ,  ther e wa s i n additio n a  secon d 
within-subject s factor :  respons e typ e 
(proposition s recalled ,  recalle d wit h loca l 
inference ,  an d inferenc e base d o n th e 
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proposition) .  T h e effect s o f  interes t  ar e 
m a i n effect s o f  eac h predicto r  variable ,  an d 

an y interaction s o f  th e between-subject s 
variable s wit h th e predicto r  variables . 

Results and Discussion 

Effect s  o f  experimenta l  condition s 
One objectiv e o f  thi s stud y wa s t o 

establis h tha t  th e us e o f  a n on-lin e 
interpretatio n procedur e di d no t  affec t  th e 
norma l  comprehensio n o f  th e text .  Ther e 
wer e n o significan t  mai n effect s o f  thes e 
factor s i n an y o f  th e thirt y analyse s o f 
variance .  Onl y fou r  borderlin e significan t 
interaction s o f  experimenta l  tas k wer e 
found ,  whic h i s les s tha n woul d b e expecte d 
due t o chance .  Sinc e ther e wa s n o effec t  du e 
t o th e "chun k versu s forced "  interpretatio n 
tas k condition ,  ther e i s n o evidenc e tha t 
chunkin g occur s a s a  genera l  bufferin g 
strategy . 

Consistency of recall and 
interpretatio n dat a 
As ma y b e see n i n Table s 1  an d 2 , 

significan t  effect s occurre d fo r  al l  bu t  on e o f 
th e predicto r  variable s fo r  th e recal l  data . 
Thes e involve d (wit h th e exceptio n o f  "sub -

procedur e boundaries" )  bot h significan t 
mai n effect s an d interaction s wit h respons e 
types .  Thus ,  ther e wa s selectiv e processin g 
associate d wit h thes e variable s a s wel l  a s 
differentia l  inference .  W h e n th e on-lin e 
interpretatio n dat a wer e predicted , 

significan t  mai n effect s o r  interaction s 
occurre d fo r  al l  bu t  th e "mai n sub -
procedures "  variable .  I n th e cas e o f  "non -
procedura l  propositions "  an d "leve l  i n th e 
structure" ,  th e effect s wer e foun d entirel y i n 
interaction s involvin g respons e type s (i.e. , 
exten t  o f  inferences) .  Thu s th e effect s sho w 
up mor e i n th e inference s tha n i n recal l  o f 
propositions .  Thes e difference s betwee n 
selectiv e processin g ar e t o b e expecte d sinc e 
i n th e on-lin e tasks ,  th e propositiona l 
informatio n wa s mor e recentl y availabl e t o 
th e subject s an d therefor e easie r  t o recall . 
However ,  othe r  tha n thes e differences ,  th e 
result s wer e identica l  wit h recal l  an d on-lin e 
interpretatio n data .  Thu s th e result s wer e 
clearl y consisten t  wit h th e "on-line "  model , 
tha t  is ,  selectiv e processin g doe s occu r  on -
line ,  an d the y indicat e tha t  th e us e o f  th e on -
lin e interpretatio n tas k di d no t  influenc e th e 
norma l  processin g o f  th e text . 

TABLE 1 
Summary o f  Significan t  Effect s fo r  Predicto r  Variables . 

Conceptua l  structur e 
Types o f  Proposition s 
Procedura l  Proposition s 
Descriptiv e Proposition s 
Mai n Sub-Procedure s 
Sub-Procedur e Boundarie s 
Leve l  i n th e Procedur e 

Propositio n leve l 
Propositiona l  Densit y 

Sentenc e leve l 
Number  o f  Clause s 

Recal l 
Mai n 

0.000 1 
0.000 1 
0.000 1 
0.000 1 
n.s . 
0.0 1 

0.000 1 

0.000 1 

Inte r 

0.000 1 
0.000 1 
0.00 1 
0.000 1 
0.0 5 
0.000 1 

0.0 1 

0.0 5 

On-lin e 
Mai n 

0.000 1 
0.000 1 
n.s . 
n.s . 
n.s . 
n.s . 

0.0 1 

0.00 1 

Inte r 

0.000 1 
0.000 1 
0.0 5 
n.s . 
0.00 1 
0.0 1 

0.0 1 

0.0 1 

Readin g tim e 
Mai n 

0.0 5 
0.000 1 
0.000 1 
0.000 1 
0.000 1 
0.000 1 

0.000 1 

n.s . 

Effect s involvin g sentenc e a n d 
proposit iona l  level s o f  processin g 
T h e predicto r  variabl e reflectin g 

proposition-leve l  processin g p roduce d 
significan t  effect s o n al l  dependan t 
measures ,  whi l e th e variabl e reflectin g 
sentenc e processin g h a d n o significan t 
effect s fo r  readin g times .  Propositiona l 

densit y h a d a  significan t  curvilinea r 
relationshi p t o readin g t im e (figur e 1 ) ,  i n 
w h i c h a  plo t  o f  readin g t im e agains t  densit y 
w as fla t  unti l  densit y level s ove r  seven ; 
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afte r  a  densit y o f  seve n proposition s pe r 

clause ,  th e curv e positivel y accelerated^ . 

V) 

16- 1 

14 • 

12-

10-

8. 

6-

4-

2-

0 
1-2 3 ^  5- 6 

Propositional Density 

7+ 

Figur e 1 .  Readin g Time s fo r  Sentence s havin g 
Differen t  Level s o f  Propositiona l  Densit y 

Effects involving processing of 

conceptua l  f r a m e informatio n 

Procedura l  informatio n 
R e a d i n g t ime s fo r  sentence s encodin g 

procedura l  proposition s w e r e faste r  tha n fo r 
sentence s encod in g n  on-procedura l 
propositions .  Thi s reductio n i n readin g 
t ime s indicate s tha t  w h e n informatio n f ro m 
th e conceptua l  strucmr e i s encountere d ther e 
i s a  facilitatio n effect .  W e als o observ e tha t 
sentence s wit h proposition s representin g 
actions ,  w h i c h ar e th e m o s t  importan t  i n a 
procedure ,  ar e rea d faste r  tha n sentence s 
wit h state s o r  links .  Thes e result s ar e 
consisten t  wit h th e hypothesi s tha t  a 
procedura l  m o d e l  i s generate d on-lin e durin g 
readin g rathe r  tha n accordin g t o a  genera l 
"buffering "  strateg y i n w h i c h c h u n k s o f 
proposition s ar e store d i n a  buffe r  prio r  t o 
frame-generation . 

Non-Procedural Descriptive 
Proposition s 
W e ca n fin d i n th e text ,  alon g wit h th e 

procedura l  information ,  description s tha t  ar e 
no t  directl y pertinen t  fo r  th e executio n o f  th e 
genera l  procedure .  T h e s e description s ar e 

^  On e o f  th e thre e sentence s tha t  shoul d hav e bee n 
include d i n th e propositione d densit y categor y o f  7  o r  mor e 
projjosition s pe r  claus e ha d t o b e eliminated .  Sinc e i t 
consiste d o f  a  lis t  o f  tools ,  subject s ofte n trie d t o memoriz e 
th e lis t  b y rereading ,  thu s usin g a  strateg y tha t  increase d 
readin g time s fo r  reason s othe r  tha n th e processin g o f  bot h 
propositiona l  an d syntacti c aspect s o f  th e sentence . 

forme d b y a  se t  o f  proposition s tha t  ca n b e 

linke d t o a  procedur e (e.g. ,  a  descriptio n o f 
th e locatio n wher e fossil s ca n b e found) ,  o r 

presen t  informatio n tha t  i s no t  directl y 

pertinen t  (e.g. ,  wha t  a  fossi l  i s  m a d e of) . 
Longe r  readin g time s fo r  sentence s wit h 

proposition s tha t  ar e non-linke d wer e foun d 
t o b e a n indicatio n o f  th e greate r  difficult y o f 
integratin g thi s informatio n int o th e 

procedura l  m o d e l  o f  th e text . 

Procedural components 
Sentence s containin g proposition s f ro m 

th e eigh t  sub-procedure s varie d significantl y 
i n th e averag e tim e i t  take s t o rea d them . 
Thes e diffe r  i n m a n y w a y s :  a )  th e n u m b e r  o f 
proposition s the y contain ,  b )  th e type s o f 
link s a m o n g procedures ,  c )  th e n u m b e r  o f 
level s spanne d i n th e hierarchy ,  an d d )  th e 
m a n n er  i n wh i c h th e proposition s tha t 
c o m p o s e t h e m ar e Unearize d i n th e text . 
Thi s las t  property ,  th e linearizatio n o f  a 
conceptua l  strucmre ,  i s a  fairl y c o m p l e x 
aspec t  o f  thi s leve l  o f  processin g sinc e th e 
variou s proposition s o f  a  sub -componen t  ca n 
b e c o m b i n e d i n th e tex t  i n variou s w a y s .  I n 
fact ,  m a n y text s coul d theoreticall y b e 
generate d f ro m th e s a m e c o n c e p m a l 
structure .  W h i l e th e differentia l  processin g 
o f  procedura l  c o m p o n e n t s i s supporte d b y 
th e patter n o f  readin g times ,  i t  i s  impossibl e 
t o orde r  c o m p o n e n t s i n term s o f  thei r 
complexity . 

Procedura l  c o m p o n e n t  boundar ie s 
Interactio n effect s wit h respons e type s 

wer e foun d fo r  bot h recal l  an d interpretatio n 
data ,  bu t  ther e wa s n o mai n effect .  A s 
reader s progresse d toward s th e en d o f  a 
component ,  the y wer e makin g mor e 
inference s an d les s recal l  o f  propositions . 
The significan t  increas e i n readin g tim e fo r 
sentence s tha t  contai n proposition s a t  th e 

end o f  component s (figur e 2) ,  a s wel l  a s th e 

increas e o f  inference s fo r  thos e sam e 
proposition s (figur e 3) ,  reveal s tha t 
integrativ e processe s occu r  a t  th e en d o f  a 
component .  Thi s phenomeno n als o ha s bee n 
documente d i n researc h o n episod e unit s i n 
narratio n o f  Haberland t  (1980) ,  Haberlandt , 
Berian ,  &  Sandson ,  (1980) ,  an d o f  Mandle r 

& G o o d m a n (1982) . 
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Levels in the procedural hierarchy 
The numbe r  o f  link s separatin g th e mai n 

procedur e fro m it s sub-procedure s indicate d 
th e presenc e o f  fou r  level s i n th e procedura l 
hierarchy .  A  compariso n o f  th e average s o f 
sentenc e readin g time s fo r  thi s variabl e 
reveale d a  significan t  effect .  Sentence s 
containin g proposition s a t  th e firs t  an d las t 
level s wer e rea d faste r  tha n thos e a t  th e 
secon d o r  thir d levels ,  whic h ar e rea d a t  a 
slowi r  rate .  A  tren d analysi s o f  thi s curv e 
reveale d a  stron g cubi c component ,  whic h i s 
presente d i n figur e 4 . 

Thi s phenomeno n ca n b e interprete d o n 
th e basi s o f  characteristic s o f  th e conceptua l 
representatio n o f  th e text :  whe n a  procedura l 
nod e mus t  b e linke d t o th e res t  o f  th e 

conceptua l  structure ,  readin g tim e shoul d 
increas e a s a  functio n o f  th e numbe r  o f  link s 

tha t  mus t  b e generated .  Thus ,  a t  th e firs t 
leve l  w e fin d th e proposition s tha t  represen t 

2 3 

Frame Level 

Figur e 4 .  Readin g Time s fo r  Sentence s havin g 
Proposition s a t  Differen t  Level s i n th e ftocedure 

the eight main sub-procedures, each having 
a singl e lin k t o th e mai n procedure . 
Sentence s containin g proposition s a t  thi s 
leve l  shoul d b e rea d faste r  tha n thos e a t  th e 
secon d level .  Ther e shoul d b e n o differenc e 
i n tim e require d t o rea d sentence s wit h 
procedure s a t  th e secon d an d thir d level s 
sinc e the y hav e t o b e linke d t o 
approximatel y th e sam e numbe r  o f  nodes : 
wit h th e superordinat e nod e an d wit h on e o r 
many subordinat e node(s) .  Readin g time s 
shoul d decreas e fo r  sentence s wit h 
proposition s a t  th e las t  leve l  i n th e hierarch y 
sinc e a  singl e lin k exist s betwee n eac h 
procedura l  nod e an d it s superordinat e node . 

Thes e result s see m t o contradic t  thos e o f 
Ciril o &  Fos s (1980 )  w h o foun d tha t  readin g 
time s increase d a s a  functio n o f  proposition s 
i n th e level s o f  th e hierarchy .  Thi s 
differenc e i s du e mainl y t o th e fac t  tha t  thei r 
hierarch y i s base d o n th e overla p o f 
argument s i n memor y whe n processin g 
proposition s (Kintsc h &  va n Dijk ,  1978) , 
whic h reflect s th e coherenc e o f  th e tex t 
rathe r  tha n it s conceptua l  representatio n 
(Ciril o &  Foss ,  1980) . 

Conclusion 
Al l  variable s specifie d us in g th e 

conceptua l  structur e o f  th e procedura l  tex t 
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produce d significan t  effect s fo r  readin g 
time s a s we U a s o n recal l  an d (wit h th e 
exceptio n o f  fram e components )  o n th e on -
lin e interpretation .  Thes e result s confir m th e 

hypothesi s tha t  selectiv e conceptua l 
processin g o f  tex t  informatio n occur s on -

line .  However ,  conclusion s concernin g th e 
locu s o f  concepuia l  processin g o f  a  tex t 

requir e analysi s o f  th e relationshi p o f 
processin g tim e t o propositiona l  informatio n 
actuall y generate d on-lin e an d durin g recall . 

Analysi s o f  th e recal l  an d on-lin e dat a 
confirmed  tha t  a  decreas e i n readin g tim e fo r 

sentence s tha t  contai n procedura l 
informatio n wa s accompanie d b y a n increas e 

i n high-leve l  inferences .  Thes e result s 
replicat e thos e alread y obtaine d fo r 
measure s o f  recal l  an d inferenc e wit h th e 
same text ,  bu t  wit h younge r  childre n 
(Frederiksen ,  1987) . 

Thi s covariatio n o f  readin g tim e wit h 

propositiona l  an d conceptua l  informatio n 
generate d i s consisten t  wit h a  paralle l  an d 
modula r  mode l  i n whic h lower-leve l 
processin g i s reduce d whe n informatio n i s 
processe d concepmally . 

We observed ,  however ,  a  differen t 
patter n fo r  sentence s wit h proposition s a t  th e 
end o f  a  sub-procedure .  I n thi s instanc e a n 
increas e i n readin g tim e correlate d wit h a n 
increas e i n high-leve l  inference .  W e ca n 
interpre t  thi s a s a n indicatio n tha t  sub -
procedure s ar e processe d on-line ,  bu t  tha t 
the y ar e no t  integrate d immediately .  Rather , 
i t  seem s t o reflec t  a  bufferin g strateg y i n 
whic h propositiona l  informatio n i s store d 
temporall y unti l  th e en d o f  a  componen t  i s 
reache d an d the n th e informatio n i s 
integrate d int o th e procedura l  fram e 
(Kintsc h &  va n Dijk ,  1978) . 

The effec t  o f  th e leve l  o f  a  propositio n i n 
th e hierarch y o n sentenc e readin g tim e als o 
suggest s tha t  th e proces s o f  generatin g 
comple x concepma l  network s i s a  distinc t 
proces s tha t  i s reflectin g th e natur e o f  th e 
network . 

Finally ,  thes e result s involvin g th e effec t 
of  conceptua l  structure s o n th e on-lin e 
processin g an d recal l  o f  sentence s ar e 
entirel y compatibl e wit h th e rule-base d 
model ,  tha t  is ,  th e notio n tha t  a  reade r 

generate s a  conceptua l  mode l  o f  a  tex t  b y 

applyin g semanti c rule s t o th e tex t 
information .  I n addition ,  readin g tim e wa s 

foun d t o reflec t  th e networ k propertie s o f  th e 

structur e bein g generate d a s wel l  a s th e 

natur e o f  th e rule s bein g appUed . 
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