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Abstrac t 

Wc compare the effects of interrupting text dealing with 
famiha r  o r  unfamilia r  domain s wit h eithe r  arithmeti c o r 
sentenc e readin g task s Reader s wer e interrupte d afte r  eac h 
of  th e eigh t  sentences ,  a t  th e en d o f  eac h sentence ,  o r  i n th e 
middl e o f  eac h sentenc e Previou s findings  o f  minima l 
effect s o f  interruptiv e task s o n comprehensio n measure s 
(e g .  fllanzer  &  Nolan ,  1986 )  wer e replicate d i n thi s study . 
Also ,  a s foun d b y Glanze r  an d hi s colleagues ,  interruption s 
afte r  eac h sentenc e o f  a  familia r  tex t  b y a n unrelate d 
sentenc e increase d readin g time s b y approximatel y 40 0 m s 
per  sentenc e I n contrast ,  fo r  difficult ,  unfamilia r  texts . 
mid-scnienc e interruption s significantl y lengthene d 
readin g time s b y 126 2 m s fo r  sentenc e an d 178 4 m s fo r 
arithmeti c interruption s Thes e finding s ar c explaine d i n 
term s o f  liricsso n an d Kintsch' s (1995 )  memor y mode l 
whic h propose s tha t  skille d memor y performanc e relie s o n 
th e us e o f  long-ter m memor y a s a n extensio n o f  workin g 
memory,  o r  long-ter m workin g memor y 

I n t r oduc t i o n 

Reading is by its very nature sequential. The glue of 
memory i s needed ,  therefore ,  t o hol d th e variou s element s o f 
th e sequenc e together .  Th e ey e move s fro m wor d t o word , 
<md i n genera l  eac h wor d i s integrate d w  it h th e previou s one s 
as rapidl y a s possibl e (e.g. .  Jus t  &  Carpenter ,  1987) . 
.\ccordin g t o Kintsc h an d va n Dijk' s (1978 )  mcxle l  o f  tex t 
comprehension ,  sentence s o r  phrase s als o for m processin g 
units ,  whic h ar e linke d togethe r  vi a a  short-ter m memor y 
buffe r  1 A idenc e fo r  th e operatio n o f  suc h a  buffe r  ha s bee n 
obtaine d i n variou s experiment s (eg ,  Fletcher ,  1981 ; 
(ii;ui/er<f e Ra/el ,  1974 )  However ,  readin g comprehensio n i s 
stil l  possibl e whe n th e us e o f  th e short-ten n memor y buffe r 
IS prevenle d lo r  instance .  Glan/.e r  an d hi s colleague s (e.g. , 
1 ische r  &  Glanzer ,  1986 ;  Glanzer ,  Dorfman .  &  Kaplan , 
1981 ;  Glanzer ,  lischer ,  &  Dorfman ,  1984 ,  Glanze r  & 
Nolan ,  1986 )  hav e use d a n interruptio n procedur e t o interfer e 
w it h short-ter m memor y processe s durin g reading .  The y di d 
thi s b > insertin g unrelate d materia l  (e.g. ,  unrelate d sentence s 
or  iunthineti c problems )  afte r  eac h sentenc e o f  a  paragraph . 
The purpos e o f  th e intervemn g matena l  wa s t o interfer e wit h 
th e short-ter m retentio n o f  th e just-rea d sentence .  Thi s 
interruptio n procedur e produce d fa r  fro m dramati c effects . 
Althoug h readin g tim e fo r  th e nex t  sentenc e i n th e paragrap h 
was slowe d b y 3(X)-40 0 ms ,  comprehensio n wa s totall y 
unaffected . 

Sinc e th e mtervenin g sentenc e (o r  arithmeti c problem ) 
certainl y mus t  hav e interfere d wit h integratio n processe s i n 
th e short-ter m memor y buffer ,  Glanzer' s subject s mus t  hav e 
foun d som e wa y t o continu e readin g withou t  th e us e o f  tha i 
buffer .  Glanze r  an d hi s colleague s interprete d thei r  result s a s 
evidenc e tha t  reader s hav e acces s t o a  verbati m memor y trac e 
of  th e text ,  eve n afte r  a n interruption ,  tha t  allow s the m t o 
resum e norma l  processing .  A n alternativ e explanatio n o f 
Glanzer' s finding s i s provide d b y a  recen t  theor y o f  memor y 
propose d b y Fxicsso n an d Kintsc h (1995) .  Accordingly , 
subjects '  abilit y  t o successfull y rea d an d comprehen d 
interrupte d tex t  i s  attributabl e t o th e us e o f  long-ter m 
workin g memory .  Ericsso n an d Kintsc h asser t  tha t  skille d 
memory performanc e suc h a s readin g relie s o n th e us e o f 
long-ter m memor y a s a n extensio n o f  workin g memor y 
(i.e. ,  consciousnes s o r  focu s o f  attention) .  Informatio n i n 
long-ter m memor y tha t  i s  linke d b y retrieva l  structure s t o 
cue s i n workin g memor y form s a n extended ,  long-ter m 
workin g memory .  Th e theor y o f  long-ter m workin g memor y 
maintain s tha t  al l  matena l  i n long-ter m memor y tha t  i s 
comiecte d vi a retrieva l  structure s t o cue s availabl e i n 
workin g memor y i s directl y accessibl e vi a a  singl e retrieva l 
operation . 

Retrieva l  structure s ar e generate d dunn g comprehensio n a s 
an integra l  par t  o f  th e comprehensio n process . 
Comprehensio n consist s o f  formin g menta l  representation s 
(textbase s an d situatio n model s i n th e theor y o f  va n Dij k & 
Kintsch ,  1983 )  whic h connec t  th e vanou s element s o f  th e 
tex t  representatio n i n network-lik e strucnires .  Thus , 
generatin g a  tex t  representatio n i n itsel f  create s a  retrieva l 
structure .  Eac h successiv e sentenc e o f  a  coheren t  tex t 
normall y contain s retrieva l  cues ,  suc h a s relate d o r  repeate d 
informatio n (i.e. ,  argumen t  overlap) ,  tha t  provid e acces s t o 
tha t  structure .  Hence ,  th e whol e previou s tex t  structur e i s 
but  a  singl e retrieva l  operatio n away .  Retrieva l  fro m long -
ter m memory ,  i f  th e retrieva l  cue s ar e presen t  i n short-ter m 
memory,  take s abou t  40 0 m s (e.g. .  Anderson ,  1990 ;  Y u e t 
al. ,  1985) .  Indeed ,  Glanzer' s interruptio n procediu e cost s th e 
reade r  n o mor e tha n a  singl e retrieva l  operation ,  tha t  is , 
abou t  40 0 ms . 

A long-ter m workin g memor y (Encsson  &  Kintsch , 
1995 )  explanatio n o f  th e result s obtaine d wit h th e 
interruptio n procedur e use d b y Glanze r  (e.g. ,  Glanze r  & 
Nolan ,  1986 )  implie s tha t  mor e seriou s disruption s o f 
readin g shoul d b e foun d (a )  i f  ther e ar e n o retrieva l  structure s 
available ,  o r  (b )  i f  ther e ar e n o retrieva l  cue s accessibl e i n 
short-ter m memory .  I n th e presen t  experiment ,  a n attemp t 
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was mad e t o prevent ,  o r  a t  leas t  interfer e with ,  th e fonnatio n 
of  relneva l  stnictiire s dunn g comprehension .  Fo r  thi s 
purpose ,  th e interruptio n procedur e use d b y Glanze r  wa s 
elaborate d i n tw o ways .  Brst ,  i n on e condition ,  sentence s 
wer e mtenupte d i n mid-sentenc e rathe r  tha n a t  th e end .  Sinc e 
th e sentenc e i s incomplet e a t  thi s point ,  i t  i s  mor e likel y 
tha t  th e partiall y  constructe d menta l  representatio n woul d 
not  connec t  t o th e earUe r  portio n o f  th e text .  Second ,  fo r 
some subjects ,  difficul t  text s fro m unfamiha r  domain s wer e 
use d instea d o f  easy ,  familia r  texts .  Sinc e th e constructio n o f 
a situatio n mode l  i s  strongl y dependen t  o n th e availabilit y  o f 
relevan t  backgroun d knowledge ,  th e us e o f  unfamilia r  text s 
furthe r  decrease s th e likelihoo d tha t  a  workabl e retrieva l 
suiictur e ca n b e generated .  Neithe r  on e o f  thes e 
manipulation s wil l  completel y preven t  reader s fro m som e 
understandin g -  eve n difficul t  half-sentence s wil l  b e 
understoo d t o som e degree .  Nevertheless ,  a  signiilcan t 
deterioratio n o f  understandin g woul d b e expected .  T o th e 
degre e tha t  thi s happens :  (a )  n o retrieva l  structur e wil l  b e 
available ,  (b )  th e succeedin g sentenc e fragmen t  wil l  no t 
reinstat e th e previou s tex t  i n long-ter m workin g m e m o r y 
wit h a  single ,  40 0 m s retrieva l  operation ;  an d (c )  mor e 
complex ,  tim e consuming ,  retrieva l  processe s (e.g. , 
deliberat e search ,  constructio n o f  retrieval  cues )  wil l  b e 
required .  I f  thes e retrieva l  processe s ar e no t  successful , 
comprehensio n difficultie s a s wel l  a s longe r  readin g time s 
wil l  result .  If ,  o n th e othe r  hand ,  thes e retrieva l  processe s ar e 
successful ,  th e readin g tim e fo r  th e secon d sentenc e hal f  wil l 
be lengthene d b y mor e tha n 40 0 ms . 

Method 

Subjects and Design 

The subjects were 72 undergraduate students at the 
Universit y o f  Colorad o w h o participate d f w cours e credit .  A 
2 X  2  X  (3 )  mixe d factoria l  desig n wa s employed ,  wit h tw o 
betwee n subject s factors ,  tex t  domai n (famihar ,  unfamiliar ) 
and mlerferenc e tas k (sentence ,  arithmetic) ,  an d on e within -
subjcct s factor ,  interruptio n typ e (control ,  end ,  middle) . 
i  jghtee n subject s wer e assigne d t o eac h o f  th e fou r  between -
subject s conditions . 

T o obtai n a  mor e sensitiv e tes t  o f  comprehension ,  a  fre e 
recal l  tes t  wa s use d i n th e presen t  experimen t  instea d o f 
comprehensio n questions ,  a s i n th e origina l  wor k b y Glanze r 
and hi s collegues . 

Apparatus and Materials 

Text. The texts were presented either with Zenith Data 
System s o r  IBM/P C computers .  Th e experimenta l  text s 
mclude d te n paragraph s comprise d o f  eigh t  sentences ,  a s wel l 
as 10 0 unrelate d sentence s obtaine d fro m variou s source s 
(e g ,  encyclopedias ,  journals ,  books) .  Th e paragraph s wer e 
fro m domain s tha t  accordin g t o pilo t  studie s wer e eithe r 
highl y familia r  t o undergraduat e student s (e.g. ,  "bod y fat" )  o r 
quit e uiiiamilia r  (e.g. ,  "Fourie r  transformations") .  S o m e o f 
th e paragraph s wer e reworde d o r  altere d t o improv e coherenc e 
or  reduc e length .  Th e mea n numbe r  o f  word s pe r  sentenc e [o r 
th e familia r  paragraphs ,  unfamilia r  paragraphs ,  an d unrelate d 
sentence s wer e 18.47 ,  16.12 ,  an d 17.0 2 words ,  respectively . 

Unrelate d sentence s wer e presente d i n rando m order ,  an d eac h 
sentenc e wa s presente d onl y onc e durin g a n experimenta l 
session . 

Arithmetic problems The problems presented to the 
subject s i n th e arithmeti c conditio n wer e presente d i n thre e 
possibl e randoml y chose n formats :  addition ,  subtraction ,  o r 
multiplication .  T h e integer s o f  th e arithmeti c p roUem s wer e 
randcMnl y chose n wit h constraint s s o tha t  al l  answer s t o th e 
thre e type s o f  problem s consiste d o f  tw o o r  thre e digits . 

Interruption types. There were three internqjtion types: 
control ,  end ,  an d middle .  A  tota l  o f  1 0 interferenc e task s 
(i.e. ,  1 0 uruelate d sentence s o r  1 0 arithmeti c problems )  wer e 
presente d i n al l  thre e conditions .  T h e p-ocedur e o f  th e 
contro l  an d en d condition s repUcate d tha t  reporte d b y Glanze r 
an d hi s colleague s (e.g. ,  Glanze r  &  Nolan ,  1986) .  I n th e 
contro l  condition ,  th e paragrap h sentence s wer e presente d i n 
immediat e succession ,  followe d b y a  bloc k o f  1 0 interferenc e 
tasks .  I n th e en d interruptio n condition ,  eac h sentenc e wa s 
followe d b y 1  interferenc e task ,  excep t  fo r  th e las t  sentence , 
whic h wa s followe d b y th e remaining 3  interferenc e tasks . 

I n th e middl e interruptio n condition ,  eac h sentenc e wa s 
interrupte d i n th e middl e b y a n interferenc e task ;  th e 
remainin g 2  interferenc e task s the n followe d th e las t 
sentenc e o f  th e paragraph .  Th e interruptio n wa s place d 
betwee n th e subjec t  an d ver b o f  th e sentence ,  wit h th e 
constrain t  tha t  n o fewe r  tha n thre e word s (an d a t  leas t  tw o 
conten t  words )  precede d th e brea k i n th e sentence .  Sentence s 
whic h bega n wit h "I t  is "  wer e interrupte d a t  a  poin t  suc h 
tha t  ther e wa s a n equa l  numbe r  o f  word s i n eac h o f  th e tw o 
parts .  I f  ther e wer e tw o equall y importan t  verb s i n th e 
sentence ,  th e interruptio n wa s place d befcM^ e th e ver b whic h 
resulte d i n th e mos t  equa l  divisio n i n th e numbe r  o f  conten t 
word s i n th e sentence .  A n exampl e o f  a  tex t  fro m a n 
unfamilia r  domai n wit h th e interuptio n location s indicate d 
wit h asterisk s i s presente d belo w i n Tabl e 1 . 

Metamorphi c rock s ar e thos e tha t  remai n i n th e 
soli d stat e * *  whil e bein g change d b y hea t  and/o r 
pressure ,  wit h o r  withou t  overal l  chemica l  change . 

Most metamorphic rocks crystalhze under stress, 
* *  resultin g i n diaracteristi c foUatio n o r 
parallelis m o f  th e constituen t  grains ,  especiall y 
micas . 

The contact metamorphic rocks, however, more 
common l y * *  for m withou t  deformation ,  resulting 
i n a  massiv e texture . 

Their proximity to a heat source and their 
characteristi c spotte d appearanc e resultin g fro m th e 
growt h o f  ne w mineral s * *  ai d i n thei r  recognition . 

Table 1: Text example from an unfamiliar domain 
wit h asterisk s markin g th e brea k fo r  th e middl e 

interruptio n condition .  Onl y th e firs t  fou r  o f 
th e eigh t  tex t  sentence s ar e shown . 
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P r o c e d u r e 

Subjects were tested individually. All subjects read a series 
of  1 0 piiragraphs ,  eac h consistin g o f  8  sentences .  Th e firs t 
was a  practic e paragraph ,  presente d i n th e middl e condition . 
Th e remainin g 9  paragraph s wer e equall y distribute d acros s 
th e thre e condition s accordin g t o a  Latin-squar e desig n an d 
presente d i n a  rando m orde r 

Subject s wer e instructe d t o rea d th e text s a t  thei r  norma l 
readin g pac e an d no t  t o attemp t  t o memoriz e th e sentences . 
Subject s rea d alou d bot h th e text s an d th e interferenc e tasks . 
Subject s wer e tol d tha t  interruptions ,  eithe r  arithmeti c 
problem s o r  uiu'elate d sentences ,  woul d occu r  alternativel y 
alte r  th e las t  sentenc e i n th e paragraph ,  betwee n eac h 
sentenc e i n th e paragraph ,  an d i n th e middl e o f  eac h 
sentence .  The y wer e informe d tha t  afte r  the y ha d rea d al l  o f 
th e sentence s i n a  paragraph ,  the y woul d b e aske d t o writ e 
d o wn a s m u c h o f  th e tex t  a s the y coul d remember .  I n th e 
sentenc e interferenc e tas k conditio n the y wer e aske d t o recal l 
bot h th e sentence s fro m th e paragrap h an d th e unrelate d 
sentences . 

Th e subject s i n th e arithmeti c interferenc e conditio n wer e 
iiliowe d t o us e pape r  an d penci l  t o solv e th e problems .  A s 
soo n a s a n answe r  t o th e proble m wa s entered ,  th e nex t 
sentenc e o f  th e tex t  wa s presented .  I f  the y answere d a 
proble m incorrecU y i n les s tha n 3 0 seconds ,  the y wer e 
instructe d o n th e compute r  monito r  tha t  thei r  solutio n wa s 
incorrec t  an d t o tr y again ;  afte r  3 0 seconds ,  the y wer e 
inlbnne d tha t  th e answe r  wa s incorrec t  an d wer e presente d 
\Mt h th e nex t  sentenc e o f  th e text . 

R e s u l t s 

Tex t  Recal l 

I  o r  th e purpos e o f  scorin g recal l  protocol s eac h tex t  wa s 
divide d int o ide a units .  Fo r  eac h uni t  subject s wer e give n 1 
pt)in t  i f  the y recalle d th e mai n gis t  o f  th e uni t  an d hal f  o f  a 
poin t  i f  the y recalle d onl y a  fractio n o f  th e ide a unit .  A n 
analysi s o f  varianc e wa s performe d o n proportio n recal l 
includin g th e tw o between-subject s factors ,  tex t  domai n 
(familiar ,  unfamiliar) ,  an d interferenc e tas k (sentence , 
arithmetic) ,  an d on e within-subject s factor ,  interruptio n typ e 
(control ,  end .  middle) ,  llier e wa s a  mai n effec t  o f  th e 
familiarit y o f  th e text ,  F(l,68 )  =  61.2 ,  p  <  .001 ,  reflectin g 
greate r  recal l  fo r  th e familia r  tex t  ( M =  0.30 )  tha n fo r  th e 
unfamilia r  tex t  ( M =  0.16) .  Ther e wa s als o a  mai n effec t  o f 
interterenc c task ,  F (  1,68 )  =  42.0 ,  p < (X)l ,  reflectin g greate r 
recal l  whe n th e text s wer e interrupte d b y th e mat h problem s 
( M =  0  29) ,  tha n b y th e sentence s ( M =  0.18) .  Th e 
interactio n betwee n tex t  an d interferenc e tas k wa s no t 
statisticall y significant ,  F(l,68 )  =  2.1 ,  p  =  .  157 .  Ther e wa s 
no effec t  o f  interruptio n type ,  F(2,67 )  <  1 ,  no r  di d 
interruptio n typ e interac t  wit h eithe r  o f  th e between-subject s 
\  iuiables .  Thus ,  subject s recalle d th e sam e amoun t  o f  tex t 
regardles s o f  whethe r  th e interferenc e task s occurre d a t  th e 
end o f  th e paragrap h ( M -  0.23) ,  a t  th e en d o f  eac h sentenc e 
( M =  0.24) ,  o r  i n th e middl e o f  eac h sentenc e ( M =  0.24) . 

I n summary ,  subject s recalle d mor e fro m th e familia r  llia n 
th e unJamilia r  texts ,  an d recalle d mor e whe n th e text s wer e 
interrupte d b y th e mat h problem s tha n b y sentences .  Thes e 
result s wer e no t  affecte d b y interruptio n types ,  an d 
interruption s ha d n o effec t  o n tex t  recall . 

Sentence reading time 

Sentence reading times by text domain (familiar, 
unfamiliar) ,  interferenc e tas k (sentence ,  arithmetic) ,  an d 
interruptio n typ e (control ,  end ,  middle )  ar e presente d i n 
Tabl e 2 .  A n analysi s o f  varianc e wa s performe d o n sentenc e 
readin g time s includin g th e tw o between-subject s factors , 
tex t  domai n (familiar ,  unfamiliar) ,  an d interferenc e tas k 
(sentence ,  arithmetic) ,  an d th e tw o within-subject s factors , 
interruptio n typ e (control ,  end ,  middle) ,  an d sentenc e 
positio n (sentenc e 1  -  sentenc e 8) .  Neithe r  tex t  domain , 
F(l,68 )  <  2 ,  no r  interferenc e task ,  F(l,68 )  =  2.4 ,  p  =  .126 , 
nor  th e interactio n o f  th e two ,  F (  1,68 )  <  1 ,  ha d reliabl e 
effect s o n sentenc e readin g times . 

Contro l 

End 

Middl e 

Contro l 

End 

Middl e 

Familia r  Tex t 

Sentenc e 

8.70 0 

9.11 0 

9.24 3 

Arithmeti c 

9.78 5 

10.78 5 

10.91 7 

Unfamilia r  Tex t 

Sentenc e 

9.64 2 

9.89 1 

10.90 4 

.Arithmeti c 

10.02 8 

10.88 7 

11.81 2 

Tabl e 2 ;  Averag e sentenc e readin g time s i n second s b y tex t 
(familiar ,  unfamiliar) ,  interferenc e tas k (sentence , 

arithmetic) ,  an d interruptio n conditio n 
(control ,  end ,  middle) . 

There was, however, a significant main effect of 
interruptio n type ,  F(2,67 )  =  21.2 ,  p  <  .001 .  Thi s findin g 
reflect s bot h longe r  sentenc e readin g time s fo r  sentence s 
interrupte d i n th e middl e ( M =  10.7 2 s) ,  compare d t o bot h 
th e en d an d contro l  interruptio n condition s ( M =  9.85) , 
F(l,68 )  -  25.6 ,  p  <  .001 ,  an d longe r  sentenc e readin g time s 
fo r  thos e interrupte d a t  th e en d o f  eac h sentenc e ( M =  10.17 ) 
compare d t o thos e whic h wer e no t  interrupte d a t  al l  ( M = 
9.54) ,  F(l,68 )  =  12.0 ,  p  <  .001 .  Thus ,  th e averag e 
interruptio n effec t  (i.e. ,  th e overal l  increas e i n readin g tim e 
compare d t o th e contro l  condition )  wa s 118 0 m s whe n th e 
sentence s wer e interrupte d i n th e middle ,  versu s 63 0 m s 
when th e sentence s wer e interrupte d a t  th e end .  Neithe r  tex t 
domain ,  F(2,67 )  =  2.5 ,  p  =  .095 ,  no r  interferenc e task , 
F(2,67 )  <  2 ,  reliabl y interacte d wit h interruptio n type . 
However ,  a  planned-compariso n tes t  showe d tha t  th e contras t 
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betwee n th e nuddl e interruptio n an d th e tw o othe r 
intemipuo n type s (i.e. ,  coniro i  an d end )  interacte d 
significanU y wit h text ,  F(l,67 )  =  5  0 .  p  =  .030 .  reflectin g 
th e findin g tha t  th e middl e interruptio n ha d a  greate r  effec t 
on readin g tim e fo r  th e unfamilia r  te.xt s tha n fo r  th e f;unilia r 
text s (se c Figur e 1) .  T h e contras t  orthogona l  t o thi s 
comparison ,  betwee n th e en d an d contro l  interruptio n 
conditions ,  di d no t  rehabl y interac t  wit h tex t  famiUarity , 
F(l,68) < 1 

I n summary ,  fo r  familia r  text s interrupte d b y sentences , 
we foun d a  41 0 m s increas e i n readin g time .  Thi s result ,  i n 
conjunctio n wit h ou r  findin g littl e effec t  o f  interruption s o n 
recall ,  replicate s Glanzer' s earlie r  findings .  W e als o foun d 
tha t  interruptin g sentence s i n th e middl e ha d a  greate r  impac t 
on readin g time s tha n di d interruptin g a t  th e en d o f  th e 
sentence .  Moreover ,  thi s differenc e depende d o n th e 
familiarit y o f  th e text s -  subjects '  readin g lime s wer e mos t 
affecte d whe n readin g unfamilia r  text s wit h a n interruptio n 
i n th e middl e o f  eac h sentence . 

I'her e wa s als o a  significan t  mai n effec t  o f  sentenc e 
posiuon .  F(7,62 )  =  34.8 ,  p < .001 ,  reflectin g greate r 
sentenc e readin g time s fo r  th e sentence s a t  th e beginmn g 
tha n a t  th e en d o f  th e paragraph .  Sentenc e positio n di d no t 
reliabl y interac t  wit h interferenc e task ,  F(7.62 )  <  2 ,  no r  wit h 
interruptio n type .  F (  14,55 )  <  2 ,  bu t  di d significantl y interac t 
wit h tex t  familiarity ,  1(7,62 )  =  12.8 ,  p < .001 .  A s ca n b e 
see n i n Figur e 2 ,  whic h present s sentenc e readin g time s fo r 
unfamilia r  an d familia r  texts ,  i t  take s longe r  t o rea d 
sentence s a t  th e beginnin g o f  a  tex t  dealin g w  it h a n 
unfamilia r  domai n tha n wit h a n easier ,  mor e familia r  tex t 
domain ,  w  herca s thes e difference s diminishe d toward s th e en d 
ot  th e paragraph . 

1600 1 

14 1 

g 120 0 

o 

5 8001 

I 

i 
£ 

40 0 

0" ^ 

Middl e 

0 En d 

Unfamilia r Familia r 
Text 

I-'i<;ur e I  Inlcmiptio n effect s i n readin g lim e 
(i. e ,  differenc e fro m contro l  readin g times )  fo r  th e middl e 
and en d intemiptio n condition s b y tex t  (average d o \  e r  th e 

iintiinieti c im d sentenc e interferenc e tas k conditions ) 

13 • 
3 

12 • 
r ^ 

0) 

" 1C 

S 
9 

— ° — Unfamilia r 

~ " •  ~  Familia r 

—I  1  1  1  1  1  r — 
0 1 2 3  4  5  6  7 

Sentence 

Figure 2: vSentence reading times b\ text 

For  th e conditio n i n whic h sentence s wer e interrupte d i n 
th e middle ,  w e wer e intereste d i n whethe r  ther e wer e 
difference s i n readin g tim e fo r  th e tw o part s o f  th e sentence . 
Th e beginnin g o f  th e sentenc e wa s uninterrupted ,  an d thu s 
shoul d tak e les s tim e t o read ,  tha n th e second ,  interrupte d 
par t  o f  th e sentence .  W e wer e jUs o intereste d i n whethe r  thi s 
differenc e wa s augmente d b y th e familiarit y o f  th e tex t  o r  b \ 
th e typ e o f  interferenc e task .  A  separat e analysi s o f  varianc e 
was performe d fo r  onl y th e middl e interruptio n condiUo n 
includin g tw o bctween-subject s factors ,  tex t  domai n iin d 
interferenc e task ,  an d on e withi n subject s factor ,  sentenc e 
par t  (interrupted ,  uninterrupted) .  Ther e wa s neithe r  a  mai n 
effec t  o f  text ,  F (  1,68 )  =  2.7 ,  p  =  .  110 ,  no r  a n effec t  o f 
interferenc e task ,  F (  1.68 )  =  2.7 ,  p  =  .  106 .  A s predicted ,  ther e 
was a n effec t  o f  sentenc e part ,  F (  1,68 )  =  8 9 8 ,  p  <  (K)I , 
reflectin g shorte r  readin g time s fo r  th e beginmn g o f  th e 
sentenc e ( M -  477 0 m s )  tha n fo r  th e las t  interrupte d par t  o f 
th e sentenc e ( M =  594 9 ms) .  Thi s differenc e di d no t  depen d 
on th e familiarit y o f  th e text ,  F (  1,68 )  <  1 ,  bu t  di d interac t 
wit h th e typ e o f  interferenc e task ,  F(l,68 )  -  12.7 ,  p  <  OOI 
I t  too k longe r  t o rea d th e secon d par t  o f  th e sentenc e 
followin g a n arithmeti c tas k ( M =  649 4 m s )  tha n afte r 
readin g a n unrelate d sentenc e ( M =  540 4 m s )  Thes e result s 
indicat e tha t  th e effec t  o f  th e middl e interruptio n tas k i s 
greates t  fo r  th e claus e followin g th e interruption ,  an d tha t 
thi s increas e i s augmente d fo r  th e arithmeti c tas k compare d 
t o th e sentenc e readin g task . 

Interference tasks 

An analysi s o f  varianc e wa s performe d o n tas k completio n 
lime s includin g th e tw o between-subject s factors ,  tex t 
domain ,  an d interferenc e task ,  an d tw o wiihin-subject s 
factors ,  interruptio n type ,  an d tas k orde r  (1-10) .  Th e 
madiematic s problem s require d significand y mor e tim e t o 
complet e ( M =  14. 8 s )  tha n th e sentence s ( M =  8  4  s) . 
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F(  1.68 )  =  153.5 .  p  <  .001 ;  an d ther e wa s a n effec t  o f  th e 
orde r  o f  th e tasks ,  F(9,60 )  =  4.2 .  p  <  .001 .  reflectin g a 
greate r  amoun t  o f  tim e spen t  o n th e first  tas k ( M =  12. 9 sec ) 

compare d t o th e remainin g nin e task s ( M =  11.5) .  N o othe r 
effect s o r  interaction s wer e significan t  (al l  F s <  2) . 

General Discussion 

The main findings of Glanzer and his collegues (e.g.. 
Glanze r  &  Nolan .  1986 )  wer e replicate d i n th e presen t  study : 
Interruption s b y a n unrelate d sentenc e followin g eac h 
sentenc e o f  a  familia r  paragrap h ha d n o effec t  o n 
comprehensio n (her e measure d b y a  free-recal l  test) ,  bu t 
increase d readin g time s b y 41 1 m s pe r  sentence .  Placin g th e 
interruption s i n th e middl e o f  eac h sentenc e di d no t  greatl y 
chang e th e results ,  a s lon g a s th e readin g materia l  wa s 
familiar .  However ,  fo r  unfamilia r  texts ,  mid-sentenc e 
interruption s significantl y lengthene d readin g time s b y 126 2 
ms fo r  sentenc e an d 178 4 m s fo r  arithmeti c interruptions . 
withou t  affectin g fre e recall. 

Th e patter n o f  result s remaine d th e sam e whe n th e text s 
wer e interrupte d b y arithmeti c operation s instea d o f  umelate d 
sentences ,  excep t  tha t  considerabl y large r  increase s i n readin g 
time s wer e obtained .  I t  m a y b e th e cas e tha t  switchin g fro m 
arithmeti c t o readin g require s a  constan t  switchin g tim e 
whic h i s responsibl e fo r  thi s increase .  Recal l  wa s m u c h 
bette r  i n th e arithmeti c conditio n tha n i n th e sentenc e 
condition ,  i n spit e o f  th e fac t  tha t  th e arithmeti c task s 
actuall y loc k longe r  o n th e averag e tha n readin g th e 
interpolate d sentences .  Thi s resul t  ha s t o b e expected ,  i n par t 
becaus e readin g unrelate d sentence s produce s mor e verba l 
interference ,  an d i n par t  becaus e i n th e sentenc e tas k subject s 
had t o recal l  bot h th e mai n paragrap h an d th e interpolate d 
sentences . 

We als o foun d tha t  i t  take s l(Mige r  t o rea d th e initia l 
sentence s o f  a  text .  I n term s o f  theorie s o f  tex t 
comprehensio n thi s result  implie s tha t  th e formatio n o f  th e 
initia l  textbas e (Kintsch .  1988 ;  va n Dij k an d Kintsch ,  1983 ) 
or  th e layin g o f  th e tex t  structures '  foundatio n (Gemsbacher , 
1990 )  require s mor e menta l  processe s tha n doe s addin g o n t o 
thi s structure .  M o r e importantly ,  th e readin g time s a t  th e 
beginnin g o f  th e paiagrafh s wer e significantl y greate r  fo r 
unfamilia r  tha n familia r  texts .  Thi s resul t  implie s tha t  th e 
formatio n o f  th e initia l  textbas e foundatio n require s a  greate r 
amount  o f  tim e fo r  unfamilia r  text s tha n i t  doe s fo r  text s 
dealin g wit h mor e familia r  information . 

Th e presen t  stud y confirm s previou s result s obtaine d wit h 
th e interruptio n procedur e o f  Glanzer .  I t  als o extend s thes e 
result s b y testin g a  critica l  predictio n o f  th e long-ter m 
workin g m e m o r y thew y o f  Ericsso n an d Kintsc h (1995 ) 
agains t  th e alternativ e interpretatio n o f  thes e dat a offere d b y 
Glanze r  (e.g. ,  Glanze r  &  Nolan .  1986) .  T h e readin g 
interruptio n pa-ocedur e use d b y Glanze r  doe s no t  impai r 
comprehensio n an d merel y result s i n a  relativel y modes t 
increas e i n reading  time .  Glanze r  explaine d thi s finding  b y 
assumin g tha t  reader s hav e acces s t o a  verbati m m e m o r y 
trac e (an d no t  themati c information) ,  eve n afte r  a n 
interruption ,  tha t  allow s the m t o resum e noima Y ptocessmg, . 
Thi s interpretatio n canno t  accounlto r  the  sigmfican l 
interactio n betwee n tex t  familiarit y an d mid-sentenc e 

interruption :  I f  wha t  i s reinstate d afte r  th e interruptio n wer e 
a raw ,  uninterpreted ,  verbati m trac e o f  th e sentence ,  thi s 
trac e woul d b e equall y availabl e fo r  familia r  an d unfamilia r 
texts .  O n th e othe r  hand ,  th e theor y o f  long-ter m workin g 
m e m o ry predict s jus t  suc h a n interaction . 

Accordin g t o model s o f  tex t  an d discours e comprehensio n 
(e.g. ,  Kintsch ,  1988 ;  va n Dij k &  Kintsch .  1983) .  a s wel l  a s 
othe r  structure-buildin g model s (e.g. ,  Gemsbacher ,  1990) , 
comprehendin g a  tex t  involve s th e constructio n o f  a  coheren t 
menta l  tex t  representation .  Ericsso n an d Kintsc h (1995 ) 
postulat e tha t  thi s tex t  representatio n allow s th e tex t  t o b e 
accesse d i n long-ter m workin g m e m o r y vi a a  singl e reuieva l 
operation .  Thi s retrieva l  operatio n take s abou t  40 0 m s i f  th e 
appropriat e retrieva l  cue s ar e presen t  i n workin g memor y 
Bicsso n an d Kintsc h (1995 )  hav e reviewe d dat a indicatin g 
tha t  retrieva l  fro m long-ter m m e m o r y require s 1  t o 2  second s 
when th e appropriat e cue s ar e no t  i n th e focu s o f  attentio n 
(e.g. ,  Chamess ,  1976 ;  Ericsso n &  Staszewsky ,  1989) .  I n 
th e presen t  experiment ,  th e mid-sentenc e interruptio n effec t 
fo r  unfamilia r  text s wa s 1. 3 second s i n th e sentenc e 
conditio n an d 1. 8 second s i n th e arithmeti c condition .  Thus , 
thi s dela y i s abou t  wha t  on e woul d expec t  fo r  long-ter m 
m e m o ry retrieva l  -  i n contras t  t o th e 40 0 m s observe d fo r 
retrieva l  usin g long-ter m workin g memory .  I f  reader s ar e 
interrupte d i n mid-sentenc e whe n the y ar e reading  a n 
unfamiUa r  tex t  fo r  whic h the y lac k th e knowledg e t o readil y 
acces s th e informatio n need« i  t o construc t  a  situatio n model , 
the y caimo t  generat e a  coheren t  tex t  representatio n an d henc e 
do no t  hav e a  retrieva l  structur e t o reinstat e th e previou s tex t 
afte r  di e interruption .  The y must ,  Uierefore ,  us e strategi c 
retrieva l  operations .  O n e exampl e o f  suc h a  retrieva l 
operatio n woul d b e a  deliberat e searc h fo r  backgroun d 
knowledg e (i.e. ,  situatio n knowledge )  and/o r  previou s 
sentenc e fragment s t o b e integrate d wit h th e ne w sentenc e 
fragment .  Skille d readers  ar e generall y quit e capabl e o f 
adoptin g suc h strategies ,  bu t  thes e menta l  operation s ar e 
m u ch mor e tim e consumin g tha n th e 40 0 m s retrieval s 
involvin g long-ter m workin g memory . 

Interruptin g readin g wit h a n unrelate d sentenc e o r 
arithmeti c proble m mus t  interfer e wit h th e short-ter m 
m e m o ry buffer .  Nevertheless ,  a s lon g a s reader s ar e abl e t o 
imderstan d a  tex t  (i.e. .  for m a  coheren t  menta l  representation 
of  th e text) ,  interruptin g readin g merel y lengthen s reading 
tim e fo r  th e nex t  sentenc e b y th e amoim t  require d fo r  a 
singl e long-ter m workin g m e m o r y retrieva l  operation .  Thi s 
i s tru e eve n w h e n subject s rea d unfamilia r  texts ,  o r  whe n th e 
interruptio n occur s i n mid-sentenc e rather  tha n a t  th e en d o f 
eac h sentence .  I n eithe r  case ,  apparently ,  readers  ar e stil l 
capabl e o f  formin g menta l  representations  o f  di e sentenc e (o r 
sentenc e fragment )  tha t  ca n serv e a s effiaen t  retrieva l 
structures .  Onl y whe n reader s wer e give n unfamilia r  text s 
ccMnbine d wit h mid-sentenc e interruption s wa s thei r 
comprehensio n impede d t o suc h a n exten t  tha t  th e 
precondition s fo r  retrieval  fro m long-ter m workin g memor y 
wer e n o longe r  present .  I n thi s case ,  subject s ha d t o rely 
upo n strategi c retrieva l  operation s t o acces s informatio n 
fro m long-ten n m e m o r y ,  reĉ uiravg ,  s\̂ fvcan!(l'« i  mor e time . 
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