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T h e Relativ e Importanc e o f  Space s an d M e a n i n g i n Read in g 
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Rober t  M .  Steinma n 
3teinman@bris3un.umd.ed u 

Departmen t  o f  Psycholog y 
Universit y  o f  Marylan d 

Colleg e Park ,  Marylan d 20742 ^  1 1 

Abstrac t 

The relativ e importanc e o f  meaiun g (semanti c context )  an d 
space s betwee n word s durin g readin g wa s investigated .  Sub -
ject s rea d paragraph s o f  coheren t  o r  incoheren t  tex t  aloud ;  som e 
paragraph s wer e presente d normally ,  other s wit h space s be -
twee n word s removed .  Coheren t  paragrafrfi s  wer e take n from 
a shor t  story .  Incoheren t  paragraj ^  ha d th e sam e word s an d 
punctuatio n a s th e coheren t  paragrajrfis ,  bu t  th e orde r  o f  thes e 
word s wa s randomized ,  resultin g i n tex t  devoi d o f  meanin g 
normall y provide d b y contex t  an d syntactica l  structure .  A s 
expected ,  space d tex t  wa s rea d faste r  an d wit h fewe r  pronun -
ciatio n error s tha n unspace d text ,  an d coheren t  tex t  wa s rea d 
faste r  an d wit h fewe r  pronunciatio n error s tha n incoheren t  text , 
regardles s o f  th e presenc e o r  absenc e o f  space s betwee n words . 
Removin g space s slowe d readin g dow n les s an d cause d fewe r 
pronunciatio n error s whe n th e tex t  wa s meaningfu l  (coherent) , 
tha n whe n th e tex t  wa s meaningles s (incoherent) ,  s o space s 
helpe d mor e whe n th e tex t  wa s meaningles s tha n whe n th e tex t 
was meaningful .  Th e fac t  tha t  space s betwee n word s wer e 
more importan t  fo r  readin g meaningles s tex t  tha n fo r  readin g 
meaningfu l  tex t  suggest s tha t  semantics ,  rathe r  tha n spaces ,  ar e 
th e mor e importan t  determinant s o f  readin g spee d an d errors . 

Introduction 

Current theories of reading stress the importance of gross 
visua l  feature s o f  th e text ,  namely ,  space s betwee n word s 
(interwor d spaces) ,  fo r  guidin g saccade s a s th e tex t  i s  rea d (e.g . 
Pollatse k &  Rayner ,  1982 ;  Morris ,  Rayner ,  &  Pollatsek ,  1990 , 
Rayner ,  1993 ;  O'Regan ,  1990 ;  Rayne r  &  Pollatsek ,  i n press) . 
Thi s clai m ha s bee n questione d recently .  Epelboim ,  Boot h 
& Steinma n (1994 ;  i n press )  foun d tha t  subject s coul d rea d 
text s fro m whic h interwor d space s wer e remove d wit h onl y 
modest  decrement s i n readin g speed .  T w o subject s eve n rea d 
unspace d text s a s quickl y a s the y rea d space d texts ,  despit e th e 
fac t  tha t  the y ha d ha d n o prio r  experienc e readin g unspace d 
texts . 

Epelboi m e t  al .  (1994 )  als o foun d n o difference s i n where , 
withi n words ,  subject s fixated,  o r  i n th e percentag e o f  thei r  re -
gressions ,  a  widely-use d measur e o f  readin g difficulty .  Thes e 
and othe r  result s allowe d Epelboi m e t  al .  (1994 )  t o conclud e 
tha t  th e sam e oculomoto r  strateg y wa s use d fo r  readin g space d 
and unspace d texts ,  an d tha t  cognitiv e factors ,  suc h a s wor d 
recognition ,  rathe r  tha n gros s physica l  feature s o f  th e texts , 
suc h a s spaces ,  wer e th e primar y determinant s o f  saccadi c 
programmin g an d readin g rates . 

Thes e findings  shoul d no t  com e a s a  surpris e becaus e man y 
ancient ,  a s wel l  a s m o d e m languages ,  suc h a s Tha i  an d 
Japanes e (se e Fig .  1) ,  d o no t  plac e space s betwee n word s 

0 

l u i r i Q n n n ^ ' j m i u v i ^ u i f l u Q ' i n n 

fi'jnn^4^UYiR«>iRutRi7iJ'airu'l\iuu 

v ) u f i n i n i r h w w u l 7 l u n i f i d n i / i o u » 4 < u 

Figur e 1 :  A  passag e o f  Tha i  tex t  Tha i  i s  a n alphabeti c 
languag e containin g 4 4 letters .  Smal l  symbol s tha t  appea r 
abov e som e o f  th e letter s ar e par t  o f  th e letters ,  an d cannot , 
by themselves ,  indicat e wor d boundaries .  Space s i n Tha i  tex t 
(ther e ar e 3  i n thi s passage )  ar e use d t o separat e phrases ,  no t 
singl e words .  Th e Englis h paraphras e o f  thi s passag e is :  "Do i 
Tun g i s th e nam e o f  a  hig h mountai n nort h o f  Chian g Rai , 
Thailand' s norther n mos t  province .  Coverin g a n are a o f  som e 
90,00 0 ra i  i n M a e Cha n an d Ma i  Se i  districts ,  th e mountai n 
has col d climat e an d picturesqu e scenery. " 

i n tex t  S o m e m o d e m languages ,  suc h a s Dutc h an d German , 
ar e sparsely-space d — the y contai n man y ver y long ,  com -
poun d nouns .  Consider  th e followin g Dutc h sentenc e an d it s 
litera l  Englis h translation : 

Op het treinmachinistencongres waren 
vertegenwoordiger s va n d e arbeidsinspectiediens t 
va n spoorwegpersonee l  maa r  oo k 
perronkaartjesverkoper s e n fietsenstallingbewakers. 

At the train drivers congress were representatives 
of  th e labo r  inspectio n servic e o f  railwa y employee s 
but  als o platfor m ticke t  seller s an d bicycl e shac k 
custodians . 

A reader, relying on spaces for saccadic programming, 
woul d hav e difficult y readin g thi s Dutc h sentence .  Althoug h 
i t  i s  possibl e tha t  reader s o f  generously-space d languages , 
suc h a s EngUsh ,  depen d o n space s fo r  saccadi c programming , 
and tha t  som e othe r  oculomoto r  stfaieg y i s use d fo r  unspace d 
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or  sparsely-space d languages ,  a  mor e parsimoniou s theor y o f 
readin g i s possible .  I t  onl y require s emphasizin g words ,  rec -
ognize d o r  anticipate d o n th e basi s o f  meanin g derive d fro m 
contex t  (synta x an d semantics) ,  rathe r  tha n placin g emphasi s 
on space s betwee n unprocesse d group s o f  letters ,  t o guid e th e 
lin e o f  sigh t  throug h th e tex L 

Semantic s i s a  definin g featur e o f  al l  language s an d it s im -
portanc e i n readin g ha s bee n know n fo r  a  lon g time .  Hue y 
(1900 )  showe d tha t  meanin g increase s th e ral e wit h whic h 
progressiv e saccade s ca n b e made .  Thi s finding  wa s con -
firmed  recentl y b y Kowler ,  Pizlo ,  Zhu ,  Erkelens ,  Steinma n & 
Collewij n (1992) .  Bot h studie s showe d tha t  makin g reading -
lik e saccade s throug h a  "text" ,  wher e al l  bu t  th e first  lette r  o f 
each wor d wa s blocke d out ,  wa s slowe r  tha n readin g th e sam e 
tex t  wit h th e word s intac t  an d meanin g preserved . 

Removin g space s betwee n word s influence s semantics ,  a s 
wel l  a s change s th e physica l  appearanc e o f  th e text .  Letter s 
aroun d wor d boundarie s i n unspace d text s ca n b e groupe d 
incorrecdy ,  alt^n g th e meanin g o f  a  phras e bein g rea d (se e 
Jusczyk ,  1986 ,  p .  27-2) .  I t  ha s bee n show n tha t  man y kind s 
of  transforme d text s ca n b e rea d fairl y easil y a s lon g a s fa -
milia r  lette r  pattern s (word s o r  morphemes )  ar e no t  disturbed . 
When lette r  pattern s ar e disturbed ,  however ,  readin g become s 
ver y difficul t  (Kowle r  &  Anton ,  1987 ;  Kolers ,  1968) .  Thes e 
consideration s sugges t  tha t  wor d recognition ,  no t  saccadi c 
programming ,  limit s readin g speed .  Unspace d text s ar e rea d 
more slowl y tha n space d text s becaus e whe n space s ar e re -
moved,  wor d recognitio n become s mor e difficult .  Epelboi m 
et  al .  (1994 )  supporte d thi s ide a b y showin g tha t  keepin g 
word s intac t  wa s mor e importan t  tha n havin g space s i n a  text . 
Removin g interwor d space s fro m a  meaningfu l  tex t  di d no t 
reduc e readin g rate s nearl y a s muc h a s keepin g spaces ,  bu t 
puttin g the m a t  inappropriat e place s i n th e tex t  Th e latte r 
made readin g nearl y impossible . 

The goa l  o f  th e presen t  stud y wa s t o determin e th e relativ e 
importanc e o f  space s an d meanin g fo r  reading .  I t  ha d bee n 
shown previousl y tha t  readin g list s o f  unrelate d word s take s 
longe r  tha n readin g th e sam e word s presente d a s meaning -
fu l  tex t  (Biemiller ,  1977-78) ,  suggestin g tha t  a  meaningfu l 
contex t  facilitate s wor d recognition .  I f  difficult y i n wor d 
recognitio n slow s readin g o f  unspace d tex t  mor e tha n space d 
text ,  meaningles s unspace d tex t  shoul d b e harde r  t o rea d tha n 
meaningful ,  unspace d tex L If ,  however ,  removin g space s 
disturb s saccadi c programming ,  difference s betwee n space d 
and unspace d readin g rate s shoul d b e th e sam e regardles s o f 
whethe r  th e tex t  i s  meaningfu l  o r  meaningless .  Thi s prove d 
no< t o b e th e case . 

Method 

Subjects 

Four  undergraduat e student s i n th e Universit y Honor s Pro -
gra m an d thre e graduat e sttident s a t  th e Universit y o f  Mary -
lan d serve d a s subjects .  Al l  wer e nativ e Englis h speaker s wit h 
normal  o r  correcte d t o norma l  vision ,  an d wer e naiv e a s t o th e 
purpos e o f  th e experimen t 

Materials 

Text ,  presente d whit e o n a  blu e background ,  wa s take n fro m 
"Th e Blu e Cross "  i n Th e Innocenc e o f  Fathe r  Brow n b y G.K . 

Spaced Coheren t 

Between the silver ribbon of morning 
an d th e gree n glitterin g ribbo n o f  sea , 
th e boa t  touche d Harwic h an d le t  loos e 
a swar m o f  fol k lik e fl ies ,  amon g who m 
th e ma n w e mus t  follo w wa s b y n o mean s 
conspicuou s — no r  wishe d t o be . 

Spaced Incoherent 

Papered for strong Castor to element 
ha d an d stan d ridiculou s reall y u p and , 
bu t  the y instan t  robber y se a hi s brow n 
I  stil l  h e fac e tur n brain ,  earl y the n 
an d wa s h e sho w wisdo m on e o f  d o judg e 
peppermint s — ha d splas h h e it . 

Unspaced Coherent 

Probablyhewouldtravelassomemino r 
clerkorsecretaryconnectedwithit ; 
but,ofcourse,Valentincouldnotb e 
certain;nobodycouldbecertainabou t 
Flambeau . 

Unspaced Incoherent 

Valentinorfirstsecondheweretalks 
whileheeagernesstangerinetheya t  ; 
and,hesprang,colossusnamedthei t 
snail '  s;motorsotherhefeelingspel l 
suddenly . 

Figure 2: Different kinds of text used in the experiments. 

Chesterton .  Th e paragrap h structur e o f  th e stor y wa s altere d 
so tha t  eac h paragrap h containe d betwee n 9  an d 1 1 line s o f 
tex t  tha t  wer e presented ,  double-spaced ,  o n a  compute r  mon -
ito r  (IB M 486DX) .  Thes e paragraph s serve d a s "coherent" , 
meaningfu l  tex t  Th e tex t  chose n fo r  thi s experimen t  wa s 
fairl y  difficult .  Difficul t  tex t  wa s use d deliberatel y i n orde r 
t o avoi d ceilin g effects ,  whic h woul d b e a  proble m wit h eas y 
tex t  i n whic h readin g spee d woul d b e determine d b y th e spee d 
wit h whic h subject s coul d pronounc e th e word s a s the y rea d 
normal  tex t  aloud ,  rathe r  tha n b y inho'en t  difference s i n th e 
experimenta l  variable s o f  interest ,  i.e .  space s an d meaning . 

"Incoherent" ,  meaningless ,  tex t  wa s create d b y replacin g 
each wor d i n th e "coherent "  tex t  wit h a  wor d o f  equa l  lengt h 
take n randomly ,  withou t  replacement ,  fro m withi n th e entir e 
stor y (6 5 paragraphs) .  Thi s procedur e equate d wor d frequen -
cie s an d th e placemen t  o f  spaces .  Punctuatio n mark s an d 
capital s wer e als o preserved .  A s a  result ,  coheren t  an d in -
coheren t  paragraph s ha d simila r  gros s visua l  characteristics , 
wor d length s an d wor d frequencies . 

Coheren t  an d incoheren t  paragraph s wer e presente d bot h 
wit h space s betwee n word s an d wit h space s remove d (se e Fig . 
2) .  Display s o f  space d text s wer e abou t  6 0 character s wide . 
Spaces wer e take n ou t  withou t  readjustin g line-width ,  leavin g 
th e mea n numbe r  o f  word s pe r  lin e th e sam e i n bot h space d 
and unspace d texts ,  bu t  a  lin e o f  space d tex t  wa s abou t  15 % 
wide r  tha n a  lin e o f  unspace d text .  Coheren t  an d incoheren t 
condition s wer e ru n i n separat e blocks ,  wit h a  1 0 minut e brea k 
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Figur e 3 :  M e a n readin g time s (seconds/wor d — lef t  ordinate )  an d speed s (words/minut e — right  ordinate )  fo r  7  individua l 
subject s (labele d S1-S 7 o n top )  readin g coheren t  ( C O H )  an d incoheren t  (INC )  paragraphs .  Ope n bar s sho w mean s fo r  space d 
text ,  filled  bar s sho w mean s fo r  unspace d tex t  Erro r  bar s sho w 1  S D .  Eac h ba r  i s base d o n 1 0 paragraphs . 

i n between .  Withi n eac h tex t  condition ,  eac h subjec t  rea d 1 0 
paragraph s i n alternatin g pair s o f  2  space d an d 2  unspace d 
paragraphs . 

Procedure 

Befor e th e star t  o f  eac h session ,  th e subjec t  positione d th e 
chai r  an d th e displa y scree n suc h tha t  th e tex t  wa s clearl y 
visible .  Subject s wer e tol d no t  t o star t  a  tria l  unles s the y 
coul d clearl y se e a  sentenc e indicatin g th e natur e o f  th e up -
comin g paragrap h ('Th e nex t  paragrap h wil l  b e spaced "  o r 
"Thenextparagraphwillbeunspaced") .  Subject s fixated  o n th e 
capital'T" ,  th e first  lette r  o f  thi s introductor y sentence ,  whic h 
appeare d a t  th e uppe r  lef t  come r  o f  th e screen .  Thi s positio n 
corresponde d t o th e locatio n o f  th e first  lette r  o f  th e upcomin g 
paragraph .  Th e space-ba r  wa s presse d whe n read y t o read , 
and presse d agai n a s soo n a s th e paragrap h ha d bee n read ,  a t 
whic h tim e th e paragrap h disappeared .  Readin g tim e o f  eac h 
paragrap h (ba r  pres s t o ba r  press )  wa s recorde d t o th e neares t 
10 ms . 

Block s starte d wit h 2  space d an d 2  unspace d practic e para -
graph s followe d b y 2 0 tes t  paragraphs .  Subject s rea d alou d 
and thei r  speec h wa s recorded .  The y wer e tol d t o rea d wit h 
meaning ,  t o articulat e eac h word ,  an d tha t  the y woul d hav e t o 
summariz e th e stor y later . 

Al l  paragraph s wer e rea d alou d an d th e subjects '  speec h 
was recorded .  Readin g alou d provide s a n unambiquou s an d 

continuou s measur e o f  readin g competence ,  tfiat  is ,  th e speec h 
ca n b e score d fo r  error s i n pronunciatio n an d intonation .  Thi s 
measur e wa s particularl y importan t  fo r  readin g incoheren t 
text ,  wher e comprehensio n coul d no t  b e measure d i n an y 
othe r  way .  I n ou r  view ,  readin g alou d i s th e bes t  wa y t o stud y 
reading ,  especiall y whe n processin g meanin g i s a n importan t 
feature ,  a s i t  i s i n ou r  experiment ,  becaus e askin g subject s t o 
rea d alou d provide s th e onl y wa y t o monito r  comprehensio n 
as tex t  i s  actuall y bein g read .  Postho c questioning ,  th e onl y 
way t o les t  silen t  reading ,  continue s t o b e controversia l  (e.g . 
Katz ,  Blackbur n &  Lautenschlager ,  1991 ;  Freedl e &  Kostin , 
1994 ;  Kat z &  Lautenschlager ,  1995) .  Inasmuc h a s ther e i s 
no evidenc e tha t  readin g silentl y an d readin g alou d ar e fun -
damentall y differen t  (se e Epelboi m e l  al. ,  1994 ,  fo r  a  recen t 
compariso n o f  silen t  readin g an d readin g aloud) ,  w e believ e 
tha t  readin g alou d shoul d b e th e preferre d paradig m i n readin g 
research .  Althoug h mos t  readin g i n everyda y lif e i s silent ,  i t 
i s  difficul t  t o understan d th e rol e o f  variable s i n th e tex t  bein g 
read ,  suc h a s space s an d meaning ,  i f  comprehensio n canno t 
be indexe d a s th e reade r  proceed s throug h th e text .  Thi s i s no t 
possibl e whe n tex t  i s x&a A silently . 

Pronunciatio n o f  eac h wor d wa s score d fo r  accurac y int o 
4 categories :  1 )  "Errors "  — word s pronounce d incorrectly ; 
2)  "Hang-ups "  — word s repeate d inappropriately ,  bu t  even -
tuall y pronounce d correctly ;  3 )  "Deletions "  — word s no t  ai -
ticulated ;  an d 4 )  "Additions "  — word s articulated ,  bu t  no t  i n 
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th e text . 

Resul t s 

Individua l  pe r fo rmanc e 

Readin g times .  Figur e 3  show s mea n readin g time s an d 
speed s o f  eac h o f  th e 7  subject s w h o serve d i n thi s exper -
iment .  Subject s varie d considerabl y i n thei r  abilit y  t o rea d 
unspace d tex t  Th e bes t  subject ,  S2 ,  slowe d dow n b y onl y 
1 4 % whe n space s wer e remove d fro m coheren t  text .  Th e 
wors t  subject ,  S4 ,  slowe d d o w n b y abou t  5 3 % .  Thi s rang e 
of  individua l  difference s wa s simila r  t o th e rang e ( 0 t o 4 8 % ) 
observe d previousl y whe n paragraph s o f  unspace d tex t  wer e 
rea d alou d (Epelboi m e t  al. ,  1994) . 

Despit e suc h withi n subjec t  variability ,  al l  subject s showe d 
th e sam e patter n o f  results .  Specifically ,  the y rea d space d 
tex t  faste r  tha n unspace d tex t  ( p <  0.001 )  an d coheren t  tex t 
faste r  tha n incoheren t  tex t  ( p <  0.001) .  I n addition ,  th e ab -
senc e o f  space s affecte d th e readin g o f  meaningfu l  tex t  les s 
tha n i t  affecte d th e readin g o f  meaningles s text ,  tha t  is ,  space s 
helpe d mor e whe n n o meanin g wa s provide d b y context .  Thi s 
interactio n betwee n space s an d meanin g wa s statisticall y sig -
nifican t  fo r  6  o f  th e 7  subject s ( p <  0.01 )  an d approache d 
significanc e fo r  th e othe r  subjec t  (S4, p <  0.1) . 

Errors. Only pronunciation errors, type 1 (see Method 
above) ,  wil l  b e considere d her e becaus e th e numbe r  o f  dele -
tion s an d addition s wer e to o smal l  t o allo w meaningfu l  sta -
tistica l  analyses .  Th e numbe r  o f  hang-ups ,  althoug h larger , 
showe d onl y th e mai n effec t  fo r  space d vs .  unlace d reading . 
The percentag e o f  typ e 1  error s range d fro m 0  t o 9% . 

Th e patter n o f  error s wa s th e sam e a s th e patter n o f  readin g 
rates ,  tha t  is ,  th e subject s mad e mor e error s wit h unspace d 
tha n wit h space d text ,  an d mor e error s wit h meaningless  tha n 
wit h meaningfu l  text .  Th e effec t  o f  space s wa s statisticall y 
significan t  fo r  al l  si x subjects ,  whos e error s wer e score d ( p 
< 0.001 ;  pronunciatio n dat a fo r  S 7 coul d no t  b e reporte d 
becaus e o f  a  recorde r  problem) .  Th e effec t  o f  meanin g wa s 
statisticall y significan t  fo r  4  o f  thes e subject s ( p <  0.001 )  an d 
approache d significanc e fo r  th e othe r  2  ( p <  0.1) .  A s wit h 
readin g times ,  th e absenc e o f  space s increase d th e numbe r  o f 
error s mor e whe n th e tex t  ha d n o meaning .  Thi s interactio n 
betwee n space s an d meanin g wa s statisticall y significan t  fo r 
SI  an d S2( p <  0.05) ,  approache d significanc e fo r  S 3 an d S 6 
( p <  0.1) ,  an d wa s no t  significan t  fo r  S 4 an d S5 . 

The pattern of reading times and errors for individual sub-
ject s reporte d jus t  abov e support s ou r  hypothesi s tha t  mean -
in g an d wor d recognitio n ar e mor e importan t  fo r  readin g tha n 
space s an d saccadi c programming . 

Group performance 

A c o m m o n approac h i n readin g researc h i s t o repor t  dat a 
average d ove r  al l  subject s wit h n o discussio n o f  th e dat a o f 
individua l  subject s o r  indicatio n o f  th e within-subjec t  vari -
ability .  Thi s approac h i s unfortunat e becaus e readin g char -
acteristic s ar e lon g know n t o var y greatl y amon g individual s 
(e.g .  Buswell ,  i n Kolers ,  1976) ,  whic h mean s tha t  th e patter n 
of  result s observe d wit h average d dat a nee d no t  b e indicativ e 
of  wha t  individua l  subject s actuall y  did .  Th e nex t  sectio n i s 
include d t o presen t  a  summar y o f  th e dat a average d ove r  al l 
subject s fo r  thos e reader s accustome d t o considerin g readin g 

D Space d 

Unspaced 

120 _ 

<2 0  6 

a 0 4 

Figur e 4 :  Mea n readin g time s (seconds/word )  an d speed s 
(words/minute )  average d ove r  al l  seve n subjects .  Erro r  bar s 
sho w 1  S E base d o n th e individua l  subjec t  means . 

dat a iM^sente d i n thi s form .  I n ou r  experiment ,  groupin g th e 
data ,  fortunately ,  di d no t  distor t  th e patter n o f  result s obs^^e d 
wit h eac h individua l  subjec t  i n an y way . 

Readin g times .  Th e mea n readin g time s an d speed s av -
erage d ove r  al l  seve n subject s ar e show n i n Fig .  4 .  Th e 
patter n o f  grou p performanc e wa s simila r  t o th e perfor -
mance o f  th e individua l  subjects .  A s a  group ,  subject s rea d 
space d tex t  faste r  tha n unspace d tex t  (F(l,256)=379.74, p < 
0.001) ,  an d rea d meaningfu l  tex t  faste r  tha n meaningles s tex t 
(F(l,256)=158.39, p <  0.001) .  A s wa s th e cas e wit h individ -
ual  subjects ,  space s an d meanin g interacte d (F(l,256)=27.25 , 
p <  0.001) . 

Errors .  Th e grou p patter n o f  error s wa s als o th e sam e a s 
th e patter n fo r  readin g times .  Subject s mad e fewe r  error s 
when the y rea d space d tex t  tha n whe n the y rea d unspace d 
tex t  (F (  1,256) = 108.04 ,  p  <  0.001 )  an d fewe r  error s whe n 
the y rea d meaningfu l  tex t  tha n whe n the y rea d meaningles s 
tex t  (F(l,256)=43.67, p <  0.001) .  Th e interactio n betwee n 
^ace s an d meanin g wa s als o significan t  (F(l,256)=17.71, p 
< 0.001) . 

Discussion 

Reading times and error rates were influenced by the absence 
of  ̂ ace s mor e whe n th e tex t  bein g read  ha d n o meaning . 
Furthermore ,  meaningles s tex t  benefitte d mor e fro m inter -
wor d ̂ ace s tha n meaningfu l  text .  Thes e findings  suppor t  th e 
hypothesi s tha t  readin g slow s dow n whe n space s ar e remove d 
becaus e removin g space s impair s wor d recognitio n whe n let -
te r  grouping s becom e ambiguous ,  an d no t  becaus e removin g 
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space s impair s saccadi c programming .  Thi s conclusio n shift s 
emphasi s fro m th e physica l  feature s o f  th e tex t  t o it s mean -
ing .  Thi s shif t  o f  emphasi s ca n b e use d to :  (1 )  explai n larg e 
individua l  diH'erence s observe d i n prio r  experiment s i n whic h 
unspace d text s wer e read ,  an d (2 )  speculat e abou t  wh y space s 
wer e introduce d int o man y m o d e m languages ,  writte n an d 
the n printed ,  unspace d fo r  millenni a prio r  t o th e 16" '  centur y 
(Boorstein ,  1983) . 

Relevance to prior research 

There have been many studies of the role of spaces in read-
ing .  I n most ,  space s wer e filled  wit h a  variet y o f  characters , 
includin g rando m letters ,  rando m number s an d grating s (e.g . 
Pollatse k &  Rayner ,  1982 ;  Morri s e t  ai ,  1990) .  Mos t  prio r 
studie s als o use d isolate d sentence s rathe r  tha n coheren t  tex t 
— a  practic e tha t  de-emphasize s meanin g conveye d b y con -
tex t  i n ordinar y tex t  Th e onl y experiments ,  t o ou r  knowledge , 
i n whic h interwor d space s wer e simpl y remove d wit h nothin g 
els e added ,  an d i n whic h coheren t  paragraph s wer e read ,  wer e 
performe d b y Fishe r  an d hi s collaborator s (reviewe d i n Fisher , 
1976) . 

Spragins ,  Lefto n &  Fishe r  (1976 )  measure d readin g rate s 
of  third-graders ,  fifth-graders  an d adult s a s the y rea d norma l 
and unspace d paragr^hs .  Third-grader s rea d unspace d text s 
onl y 2 6 % slowe r  tha n the y rea d space d texts ,  wherea s adult s 
and fifih-graders  rea d unspace d tex t  abou t  4 9 % slower .  Read -
in g unspace d tex t  becam e poore r  a s readin g skill s  improved ! 
Spragin s e t  al .  explaine d thi s resul t  b y suggestin g tha t  th e 
younge r  childre n suffere d les s fro m th e remova l  o f  space s be -
caus e the y di d no t  us e periphera l  visua l  informatio n abou t  th e 
gros s shape s o f  th e word s t o th e right  o f  fixation.  Accordin g 
t o thi s hypothesi s th e childre n rea d letter-by-lette r  or ,  a t  best , 
one wor d a t  a  time . 

An alternativ e explanation ,  base d o n ou r  result s an d othe r 
recen t  developmenta l  researc h i s possible .  Onc e emphasi s i s 
place d o n th e meanin g o f  th e tex t  rathe r  tha n o n it s physica l 
appearance ,  th e result s o f  Spragin s e t  al .  ca n b e explaine d 
differently .  Namely ,  i t  i s  well-know n tha t  younge r  childre n 
use contex t  informatio n abou t  meanin g mor e durin g readin g 
tha n adult s an d olde r  childre n (Schwantes ,  1991 ;  Stanovich , 
1980) .  Thus ,  whe n third-grader s rea d unspace d texts ,  the y 
benefite d mor e fro m th e contex t  o f  th e paragrap h tha n olde r 
childre n o r  adults .  Olde r  childre n an d adult s rel y mor e o n 
recognizin g individua l  word s tha n o n contex t  whe n the y read . 
They discriminat e word s mor e easil y an d gues s les s abou t 
what  i s comin g u p i n th e tex t  W h e n interwor d space s ar e 
removed ,  however ,  som e letter s ma y b e groupe d inappropri -
atel y t o for m word s tha t  d o no t  fit  withi n th e contex t  o f  th e 
paragraph .  Havin g t o resolv e conflict s betwee n th e meanin g 
of  th e tex t  an d th e word s bein g recognize d visuall y take s time , 
whic h result s i n slowe r  reading .  W h e n letter-groupin g error s 
occu r  i n meaningless ,  incoheren t  text ,  the y ar e mor e difficul t 
t o resolv e becaus e ther e i s n o contex t  t o hel p th e reade r  decid e 
whic h groupin g form s th e Expropriat e word .  Fo r  thi s reaso n 
readin g withou t  space s i s mor e difficul t  whe n th e tex t  ha s n o 
meaning . 

Individual Differences 

The tendenc y t o us e contex t  les s a s readin g become s mor e 
skilled ,  well-documente d i n th e Developmenta l  literature . 

suggest s a  plausibl e explanatio n fo r  th e larg e rang e o f  in -
dividua l  difference s observe d i n th e adul t  subject' s abilit y  t o 
rea d unspace d tex t  W h e n childre n ar e taugh t  t o read ,  the y 
ar e ofte n taugh t  b y th e "phonics "  method ,  i n whic h individua l 
letter s ar e sounde d ou t  t o for m words .  Earl y  on ,  whe n the y 
ar e slo w a t  soundin g letters ,  childre n mus t  rel y heavil y o n 
contex t  1 0 recogniz e words .  A s readin g skil l  increases ,  word s 
ar e recognize d mor e easil y an d contex t  i s  relie d o n less .  Thi s 
allow s readin g o f  meaningles s tex t  an d eve n allow s readin g 
of  tex t  no t  understoo d b y th e reade r  (Allingto n &  Reming , 
1978 ;  Doehring ,  1976) . 

N B.  Th e widely-use d phonic s metho d fo r  teachin g readin g 
i s no t  withou t  controversy ,  goin g i n an d ou t  o f  vogu e cyclicly . 
Huey ,  bac k i n 1900 ,  criticize d th e phonic s method ,  suggestin g 
tha t  childre n shoul d b e taugh t  t o rea d whol e word s o r  eve n 
phrases ,  rathe r  tha n t o soun d word s on e lette r  a t  a  time .  Tha i 
children ,  whos e languag e i s unspaced ,  ar e taugh t  i n th e man -
ner  suggeste d b y Huey .  The y ar e first  taugh t  t o rea d individua l 
words ,  bu t  whe n sentence s ar e introduced ,  word s withi n the m 
ar e unspace d from  thei r  ver y first  appearance . 

I t  i s  possibl e tha t  som e people ,  lik e ou r  subject s 5 2 an d 
S7 (ou r  "best "  unspace d readers) ,  retai n int o adulthoo d thei r 
abilit y  t o benefi t  fro m contex t  whe n the y read .  5 2 an d 5 7 
slowe d dow n b y onl y 1 4 % an d 2 3 % ,  respectively ,  whe n space s 
wer e remove d from  coheren t  tex t  5 2 an d S7 ,  however ,  wer e 
our  "worst "  subject s whe n meanin g wa s remove d from  space d 
text ,  slowin g dow n b y 3 8 % an d 3 5 % ,  respectively .  Thi s 
observatio n als o support s th e suggestio n tha t  thes e subject s 
relie d o n contex t  mor e tha n th e othe r  five  subjects . 

Epelboi m e t  al .  (1994 )  als o foun d tha t  som e reader s wer e 
bette r  tha n other s i n readin g unspace d texts .  Thei r  bes t 
unspaced-reade r  wa s a  Dutchman .  H e rea d space d an d un -
space d Dutc h tex t  equall y quickly ,  an d unspace d Englis h tex t 
onl y 1 8 % slowe r  tha n ̂ ace d Englis h text .  Hi s exceptiona l 
abilit y  t o rea d withou t  space s i n bot h hi s nativ e an d a  secon d 
language ,  m a y hav e bee n th e resul t  o f  a  lifetim e o f  readin g a 
nativ e language ,  Dutch ,  whic h i s sparsely-space d a s compare d 
t o Englis h o r  th e Romanc e languages . 

We beUev e tha t  a  cognitiv e explanatio n o f  th e individua l 
difference s i n th e observe d abilit y  t o rea d unspace d tex t  i s 
bot h mor e plausibl e an d mor e satisfyin g tha n a n explanatio n 
tha t  relie s o n difference s i n ey e movemen t  strategies .  I t  seem s 
likel y tha t  th e larg e rang e o f  abilitie s observe d whe n unspace d 
tex t  i s rea d arise s from  th e mor e efficien t  us e o f  context ,  or , 
from  bette r  wor d recognitio n skills ,  or ,  fro m a  large r  availabl e 
vocabulary ,  or ,  from a  highe r  leve l  o f  readin g comprehension , 
or ,  from  bette r  visua l  acuit y (th e hypothesi s propose d i n Epel -
boi m e t  al. ,  1994) .  Al l  o f  thes e cognitiv e an d sensory ,  rathe r 
tha n oculomotor ,  characteristic s ar e know n t o var y widel y 
among individuals .  O n th e othe r  hand ,  th e ey e movement s 
of  norma l  reader s o f  differen t  language s sho w littl e variabil -
it y  excep t  i n globa l  parameters ,  suc h a s saccad e lengt h o r 
direction . 

What are spaces for? 

Epelboi m e t  al .  (1994 )  suggeste d tha t  on e reaso n space s be -
twee n word s m a y hav e bee n introduce d wa s t o allo w readin g 
unde r  poo r  lightin g condition s o r  wit h les s tha n perfec t  vi -
sion .  Blurr y string s o f  letter s separate d b y space s ca n b e 
rea d mor e easil y tha n blurr y string s o f  letter s no t  separate d 
by spaces .  Anothe r  reason ,  suggeste d b y th e presen t  study , 
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may hav e bee n t o allo w peopl e t o "read "  tex t  the y d o no t 
understand .  Illiterat e copier s o f  manuscript s ofte n pu t  space s 
int o text s inappropriatel y fo r  aestheti c reasons ,  rathe r  tha n t o 
separat e actua l  word s (Boorstin ,  1983) .  Thes e inappropriat e 
spaces ,  whic h ma y hav e bee n aestheticall y pleasin g t o illiter -
at e scribes ,  surel y mad e readin g mor e difficul t  fo r  thos e wh o 
coul d understan d wha t  the y read .  Space s betwee n words ,  i n 
thi s view ,  wer e introduce d int o tex t  first  t o reduc e error s i n 
hand-copyin g b y illiterat e scribe s an d the n t o hel p illiterat e 
typesetter s se t  an d proo f  tex t  afte r  printin g wa s invented . 

Conclusion 

M u ch emphasi s i n recen t  year s ha s bee n place d o n th e impor -
tanc e o f  visua l  feature s a s guide s fo r  ey e movement s durin g 
reading .  Thi s emphasi s derive s fro m th e eas e wit h whic h ey e 
movement s ca n b e recorde d wit h m o d e m instruments ,  an d 
wit h whic h text s ca n b e displaye d an d perturbe d contingen t  o n 
th e approximat e locu s o f  th e lin e o f  sigh t  withi n th e text .  Th e 
rol e o f  meanin g ha s no t  bee n emphasize d despit e Buswell' s 
sag e pronouncemen t  tha t  "readin g i s th e proces s o f  compre -
hendin g meanings "  (i n Kolers ,  1976) .  Ou r  stud y show s tha t  i t 
may finally  b e tim e t o accq> t  lon g known ,  an d rathe r  obvious , 
facts ,  an d fac e squarel y th e messag e clea r  i n ou r  data ,  a s wel l 
as i n th e histiM y o f  writte n languages :  meanin g matters . 
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