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A d d i n g S p a c e s t o T h a i  a n d Engl ish :  Effect s o n R e a d i n g 

Chanand a Kohso m Fernan d Gobe t 
E S RC Centr e fo r  Researc h i n Developmen t 

Instructio n an d Trainin g 
Departmen t  o f  Psycholog y 
Universit y o f  Nottingha m 

Nottingha m N G 7 2 R D 
Unite d Kingdo m 

{ c g k ,  f r g ) @ p s y c . n o t t . a c . u k 

Abstrac t 

Most  researc h o n readin g ha s use d Wester n languages , 
whic h hav e th e propert y o f  bein g spaced .  Thi s pape r 
examine s ho w spacin g an d meanin g affec t  readin g i n Thai , 
a modem,  alphabeti c an d unspace d language .  Result s sho w 
tha t  subject s wer e faste r  i n readin g an d mad e les s error s 
when space s wer e added .  Meanin g facilitate s readin g a s 
well ,  an d doe s no t  interac t  wit h spacing .  Finally ,  abilit y t o 
rea d unspace d text s i n Tha i  doe s no t  transfe r  t o English . 
The result s suppor t  th e hypothesi s tha t  spaces ,  whe n 
presen t  a t  all ,  offe r  perceptua l  cue s tha t  facilitat e reading . 
Efficienc y consideration s rais e th e questio n o f  whethe r 
Thai  shoul d follo w th e exampl e o f  Wester n language s an d 
incorporat e space s an d punctuation . 

Introduction 

Wester n reader s ar e s o use d t o seein g space s i n text s tha t  i t 
m ay c o m e a s a  surpris e tha t  space s ar e a  relativel y lat e 
featur e o f  Wester n writte n languages .  A s a  matte r  o f  fact ,  i t 
was no t  unti l  lat e i n th e eight h centur y tha t  writte n Lati n 
incorporate d space s an d punctuatio n i n orde r  t o improv e th e 
copyin g o f  text s (Boorstin ,  1983) .  Eve n nowadays ,  quit e a 
fe w m o d e m writte n languages ,  suc h a s Chinese ,  Japanese , 
and Thai ,  d o no t  us e space s a s a  mea n fo r  separatin g lexica l 
units . 

Most  researc h o n readin g i n genera l  an d o n th e rol e o f 
space s i n particula r  ha s bee n carrie d ou t  usin g space d 
languages ,  mainl y Englis h (e.g. ,  McConk i e e t  al. ,  1988 , 
1989 ;  fo r  experiment s usin g Finnish ,  se e Hyona ,  Niemi ,  & 
Underwood ,  1989 ;  fo r  a  review ,  se e Underwoo d &  Everatt , 
1992) .  I t  i s  k n o w n tha t  removin g space s fro m normal , 
meaningfu l  text s reduce s readin g spee d b y abou t  30-50 % 
(Rayne r  &  PoUatsek ,  1996 )  wit h reader s havin g littl e 
practic e wit h suc h material .  I n general ,  however ,  saccad e siz e 
and landin g positio n i n a  wor d ar e simila r  i n bot h type s o f 
tex t  (Epelboim ,  Booth ,  &  Steinman ,  1994) .  Finally ,  Booth , 
Epelboi m an d Steinma n (1995 )  hav e show n tha t  removin g 
space s ha s mor e effec t  wit h meaningles s materia l  tha n wit h 
meaningfu l  material . 

Classica l  account s o f  readin g i n Englis h assum e tha t 
space s ar e importan t  cues ,  whic h reader s us e i n plannin g 
wher e t o m o v e thei r  eyes ;  fo r  example ,  wor d recognitio n an d 
saccad e programmin g ar e bot h influence d b y th e remova l  o f 

spac e informatio n (PoUatsek  &  Rayner ,  1982 ;  Rayner , 
1993 ;  Rayne r  &  PoUatsek ,  1996) .  Thi s vie w ha s bee n 
recentl y challenge d b y Epelboi m e t  al .  (1994 ,  p .  1735) ,  wh o 
stres s tha t  "words ,  no t  spaces ,  m a y serv e a s th e perceptua l 
unit s tha t  guid e th e lin e o f  sigh t  throug h th e text. " 

The rati o o f  numbe r  o f  space s t o numbe r  o f  word s varie s 
acros s Wester n languages .  I n particular ,  Dutc h an d Germa n 
ten d t o collaps e syntacti c unit s int o lon g words ,  althoug h 
spacin g stil l  play s a n importan t  rol e i n thes e tw o language s 
(fo r  example ,  article s o r  adverb s ar e neve r  compounded) . 
Epelboi m e t  al .  (1994 )  repor t  tha t  on e Dutc h reade r  (CE ) 
showe d littl e decremen t  i n readin g Dutc h whe n th e space s 
wer e removed .  The y suggeste d tha t  C E wa s relativel y 
unaffecte d b y th e remova l  o f  space s whe n readin g Dutc h 
because ,  a s othe r  nativ e Germa n o r  Dutc h speakers ,  C E 
coul d us e th e strategie s h e ha d develope d t o cop e wit h th e 
lon g compoun d word s i n hi s language . 

Up t o now ,  researc h ha s focuse d o n th e remova l  o f  space s 
i n space d language s (e.g. ,  th e semina l  wor k o f  Fisher , 
1976) .  Bu t  wha t  happen s i n th e convers e situation ,  wher e 
space s ar e adde d i n unspace d languages ? T w o competin g 
prediction s ca n b e generate d fro m genera l  considerations .  O n 
th e on e hand ,  sinc e space s ad d informatio n t o a  text ,  on e 
coul d expec t  tha t  reader s ca n us e thi s informatio n i n orde r  t o 
rea d faste r  an d wit h les s errors .  Thi s woul d suppor t  Rayne r 
and PoUatsek' s (1996 )  contentio n tha t  space s pla y a  ke y rol e 
i n reading .  O n th e othe r  hand ,  adul t  nativ e speaker s o f  a n 
unspace d languag e hav e probabl y tune d thei r  readin g 
mechanisms ,  includin g thei r  oculomoto r  strategie s an d 
lexica l  acces s processes ,  t o th e morphologica l  characteristic s 
of  thei r  language .  Additio n o f  space s shoul d disrup t  thes e 
mechanism s and ,  a s a  consequence ,  slo w dow n readin g an d 
increas e th e numbe r  o f  errors .  Thi s outcom e woul d 
undermin e Rayne r  an d PoUatsek' s theoretica l  position . 

The case for Thai 

Writte n Tha i  offer s a n idea l  cas e fo r  studyin g thes e 
competin g hypotheses .  Tha i  i s  a  m o d e m,  alphabeti c 
language ,  whic h ha s th e peculiarit y o f  no t  usin g space s t o 
segment  syntacti c units—space s ar e use d onl y t o delinu t 
sentences—an d o f  rarel y usin g punctuatio n signs .  (Eve n 
thoug h word s m n together ,  Tha i  nativ e speaker s d o hav e th e 
notio n o f  words ,  a s ca n bee n see n i n th e word-by -
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Figur e 1 :  A n exampl e o f  Tha i  text .  Thi s passag e describe s Tha i  studen t  lif e i n Japan . 

wor d metho d use d t o teac h Tha i  i n primar y schoo l  an d i n th e 
presenc e o f  dictionarie s usin g lexica l  entries. )  Ther e ar e 4 4 
consonant s i n Tha i  an d 3 2 basi c vowel s whic h ar e use d wit h 
consonant s t o for m word s bu t  whic h ar e no t  counte d a s par t 
of  th e 44-lette r  Tha i  alphabet .  I n th e Tha i  alphabe t 
consonant s an d vowel s ar e considere d separatel y becaus e the y 
ar e governe d b y differen t  rules .  Tha i  vowel s ar e writte n i n a 
number  o f  position s i n relatio n t o th e consonan t  o r 
consonant s (before ,  after ,  abov e o r  under) ,  s o th e positio n o f 
a certai n vowe l  i s fixe d an d unchangeabl e (fo r  mor e abou t 
th e Tha i  language ,  see ,  fo r  example ,  Allison ,  1994) . 

I n Thai ,  space s ar e use d onl y fo r  delimitin g sentence s and , 
rarely ,  fo r  emphasisin g words .  Not e tha t  sometime s th e lac k 
of  spacin g ma y lea d t o ambiguity ,  fo r  exampl e whe n th e 
same strin g o f  character s m a y b e parse d int o word s i n 
differen t  ways ,  whic h m a y resul t  i n differen t  meanings .  T o 
distinguis h th e meanin g o f  thos e words ,  Tha i  reader s ma y 
hav e t o rea d al l  alon g th e sentenc e unti l  the y find  ou t  wha t 
thos e word s reall y mean .  I n general ,  n o punctuatio n mar k i s 
use d i n Thai .  (Se e Figur e 1  fo r  a n exampl e o f  Tha i  text) . 

We wer e intereste d i n thre e question s i n relatio n t o 
spacin g i n a  reading-alou d task .  First ,  w e wante d t o tes t  th e 
tw o competin g hypothese s mentione d above .  Second ,  w e 
wante d t o se e whethe r  spacin g an d th e degre e o f  meanin g o f 
th e tex t  interac t  i n th e sam e wa y i n Tha i  reader s a s i t  doe s i n 
Englis h reader s (Boot h e t  al. ,  1995) .  Third ,  w e wante d t o se e 
whethe r  Tha i  reader s adap t  easil y t o th e situatio n wher e 
space s ar e remove d i n a  space d foreig n language ,  i n thi s 
case ,  English . 

Methods 

Subjects 

We studie d fiv e femal e an d thre e mal e Tha i  nativ e speaker s 
studyin g a t  th e Universit y o f  Pittsburg h (mea n ag e 2 6 years ; 
mean T O E F L 56 6 points) ,  wit h educationa l  backgroun d 
rangin g fro m undergraduat e degre e ( 5 subjects )  t o Masters ' 
degre e ( 3 subjects) . 

Design 

The within-subjec t  desig n include d thre e independen t 
variables :  (1 )  Language :  tex t  i n Tha i  (subjects '  nativ e 
language )  o r  i n English ;  (2 )  Spacing :  space d o r  unspace d 
texts ;  (3 )  Coherence :  coheren t  o r  incoheren t  texts .  Dependen t 

variable s wer e th e tim e take n t o rea d a  paragraph ,  a s wel l  a s 
th e typ e an d numbe r  o f  error s i n reading . 

Material 

Eac h cel l  (Languag e x  Coherenc e x  Spacing )  consiste d o f  4 
paragraph s o f  aroun d 1 0 line s each .  T w o differen t  text s wer e 
chosen ,  on e i n Thai ,  th e othe r  i n English .  Bot h text s deal t 
wit h Japanes e politics ,  wer e semi-technica l  an d wer e judge d 
of  roughl y th e sam e difficulty .  Eigh t  consecutiv e paragraph s 
wer e selecte d fo r  eac h languag e (sometime s changin g th e 
way th e origina l  tex t  wa s organize d i n paragraphs) .  Fo r  eac h 
paragraph ,  w e trie d t o kee p th e averag e numbe r  o f  line s 
(Englis h =  10.4 ,  Tha i  =  9.1) ,  th e numbe r  o f  word s (Englis h 
= 86.9 ,  Tha i  -  98.2) ,  an d th e numbe r  o f  character s (Englis h 
= 602 ,  Tha i  =  621 )  simila r  betwee n th e tw o languages .  Th e 
smal l  difference s ar e explaine d mainl y b y th e presenc e o f 
accent s i n Tha i  bu t  no t  i n Englis h an d b y th e fac t  tha t  Tha i 
word s ar e o n averag e smalle r  tha n Englis h word s (cf . 
Allison ,  1994) . 

Manipulatio n o f  spacin g an d creatio n o f  incoheren t  tex t 
was carrie d ou t  i n a  wa y simila r  t o Boot h e t  al .  (1995) ,  bot h 
fo r  th e Englis h an d Tha i  texts .  I n th e unspace d conditio n 
wit h English ,  al l  space s wer e simpl y removed .  T o kee p th e 
unspace d condition s consisten t  acros s languages ,  w e als o 
remove d th e space s a t  th e en d o f  Tha i  sentences .  I n th e 
space d conditio n wit h Thai ,  on e spac e wa s adde d afte r  eac h 
word ;  thus ,  th e en d o f  a  sentenc e wa s n o w delimite d b y tw o 
spaces .  Incoheren t  paragraph s wer e buil t  b y randomizin g 
coheren t  paragraphs ,  replacin g randoml y a  wor d b y a  wor d o f 
th e sam e size .  Fo r  th e Englis h text ,  capita l  letter s wer e 
maintaine d a t  th e beginnin g o f  a  sentenc e an d fo r  prope r 
nouns .  (Tha i  doe s no t  differentiat e betwee n uppercas e an d 
lowercas e letters) .  Word s withi n a  paragrap h wer e 
randomize d differentl y fo r  eac h subject .  Bot h wit h coheren t 
and incoheren t  texts ,  th e paragraph s wer e presente d i n th e 
same orde r  a s i n th e origina l  document .  Hal f  th e subject s 
receive d th e Englis h text s first ,  an d hal f  th e subject s receive d 
th e Tha i  text s first .  Withi n eac h language ,  th e presentatio n 
of  th e 4  possibl e permutation s spacin g x  coherenc e wa s 
counterbalanced .  Not e tha t  th e lengt h o f  th e tex t  varie s 
betwee n th e space d an d unspace d conditions .  Thi s i s 
necessar y i n orde r  t o kee p th e numbe r  o f  word s i n a  lin e 
constan t  betwee n th e conditions .  Figur e 2  illustrate ,  fo r  Tha i 
and English ,  th e eigh t  experimenta l  conditions . 
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Thai .  Spaced .  Coheren t 

Ui J m\.i ^  ̂  vi'i'i? \  \.e( H iJ-iiianBiJleiE J 1p > ̂qjî E J btui^ )  mixjialn i  I w fnws ; 

v̂ -̂jp i  fsiiic i  ifl w ĉ w sj n riTj  ma>3 tjiJ w n  a a \ m eimv i  ti ^  \,viti A jJ n l̂ t i 

^ a a ^  finv i  ̂  iJ'snn a ii w i'hi j  î w a'l ^  Pi a •ws'Sf i  ̂ iTlnanni f  ̂a> j  m i 

Thai. Spaced. Incoherent 

1^14 iJlfinEJ ivjisi \4 \m Ivi a£jS^ i^iJw n w^n iis^ sIsTej ii3w iSa^ iie\ viipi 

ifiw a l ^  lias ;  antin g lat j  m w be j  iT u ̂ q a iew i  ̂TSiafiT S (?ia> 3 m i 

Thai. Unspaced. Coherent (normal text without end-of-sentence spaces) 

mj(̂ >aii(in̂W'3'5Fii??̂ iJ'5;i?fn5iJl(?i£jl(̂ t̂uî £ianmi)mpiiali)*lŵ ^ ^ 

v̂ '3iifif5iinaiflij(nujjnrin̂ iSa>3t̂ iJwna£!'lwê /inw£!>iiMa>33JnT̂ £ j 

«naa(?innv<̂ iĴ nna#wmui(nwa(nFiavi'j'3Pi?[n'5n2fnn'3<?ia>3 m 

Thai. Unspaced. Incoherent 

ii«is;n'5s;in'5i>jmflwtin£jniJ'3s;an5iJl̂ £î >3wJn̂naiJpj\4fÎ nan>j'lŵ >̂ 3 

iti%n4T£iiJn£Jî £)mjj'l'UQSi1a>ĵ ii'5a\4li)fii'iJjnmm?siiaiJi);;2ja- 3 

i2f'uT.viw<?in8Jiv!aâ iLiJaniflv!m4̂ '5n>ia£jn'3̂>3i2i'uun* u 

English. Spaced. Coherent (normal text) 

I n industria l  democracies ,  government s diffe r  wit h respec t  t o 

thei r  welfar e policies .  I n Europe ,  government s a t  time s respon d 

directl y t o organize d group s demandin g change s i n welfar e 

English. Spaced. Incoherent 

As autonomou s bureaucrats ,  bureaucrat s offer s bee n despit e t o 

seek s welfar e specific .  A t  policy ,  democracie s i s focu s parado x 

program s o f  dominanc e socia l  emergenc e explai n o f  explai n 

English. Unspaced. Coherent 

Inindustrialdemocracies.governmentsdifferwithrespectt o 

theirwelfarepolicies.lnEurope.governmentsattimesrespon d 

directlytoorganizedgroupsdemandingchangesinwelfar e 

English. Unspaced. Incoherent 

Toapproachesexplanation,responsibiesociallacl<welfareo r 

needsresolveresearch.Topolicy.bureaucratsispointwelfar e 

policieso f  preced e ntsocialelectoralWesterniswel f  ar e 

Figur e 2 :  Example s o f  Tha i  an d Englis h text s use d i n th e experiment ,  i n th e fou r  space d x  coheren t  permutations . 
(Actua l  text s wer e o n averag e 1 0 line s long) . 
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The text s wer e presente d o n a  Macintos h Quadr a wit h a  13 -
inc h viewabl e diagona l  screen ,  usin g a  progra m writte n i n 
Hypertalk .  Th e text s wer e i n blac k font ;  th e backgroun d 
scree n wa s ligh t  blue .  Tha i  text s wer e presente d wit h Ih c 
Thonbur i  Font ,  1 8 point ,  an d Englis h text s wer e presente d 
wit h th e Time s font ,  1 8 point .  Text s i n bot h language s hi> d 
roughl y th e sam e appearance ,  t o th e exten t  tha t  thi s i s 
possibl e wit h alphabet s s o different . 

Procedur e 

I n th e introductio n t o th e experiment ,  subject s wer e require d 
t o spea k loudl y an d clearly ,  s o tha t  the y coul d b e clearl y 
recorded .  A  singl e paragrap h appeare d o n th e screen .  Subject s 
presse d th e spac e ke y t o indicat e tha t  the y ha d finished 
readin g a  paragraph .  Ther e wer e tw o practic e paragraph s (on e 
space d an d on e unspaced )  befor e eac h languag e x  coherenc e 
block .  Withi n eac h suc h block ,  space d an d unspace d 
paragraph s wer e presente d i n pairs .  Befor e eac h paragraph , 
subject s receive d a  messag e (alway s i n English) ,  eithe r 
"Thenextparagraphwillbeunspaced" ,  o r  "Th e nex t  paragrap h 
wil l  b e spaced" .  Subject s wer e recorde d whe n the y rea d th e 
text .  Th e experimen t  laste d o n averag e abou t  on e hou r  an d a 
half . 

Results 

Result s wer e analyse d separatel y fo r  eac h languag e usin g a n 
Analysi s o f  Varianc e wit h repeate d measure s o n Coherenc e 
and Spacing .  Excep t  fo r  planne d comparisons ,  w e refraine d 
of  carryin g a  three-wa y analysi s o f  variance ,  becaus e th e 
thir d independen t  variabl e (Tha i  vs .  English )  wa s no t  unde r 
direc t  experimenta l  control .  Th e outcom e o f  suc h a  three -
way analysi s o f  varianc e woul d b e har d t o interpret ,  a s 
severa l  variable s woul d b e confounded ,  mainly :  language , 
averag e lengt h o f  words ,  differentia l  experienc e wit h eac h 
language . 

We first  presen t  th e analysi s o f  readin g times ,  an d the n th e 
analysi s o f  readin g errors .  I n bot h cases ,  w e first  discus s th e 
Thai  condition ,  an d the n th e Englis h condition . 

Reading Time 

Figur e 3  show s th e averag e readin g time s fo r  th e Tha i  an d 
Englis h texts .  ( W e hav e presente d th e result s a s th e tim e t o 
rea d a  paragrap h instea d o f  a s th e tim e t o rea d a  word , 
becaus e o f  th e differen t  averag e lengt h o f  word s i n Englis h 
and i n Thai) .  Wit h Tha i  texts ,  subject s wer e slowe r  t o rea d 
meaningles s text s [F(l ,  7 )  =  38.68 ,  p  <  .001] ,  whil e th e 
additio n o f  space s mad e readin g faste r  (th e effec t  i s 
marginall y significant :  F(l ,  7 )  =  4,21 ,  p  <  .08) .  Wit h 
coheren t  texts ,  6  subject s ou t  o f  8  wer e faste r  whe n readin g 
space d texts ,  an d wit h incoheren t  texts ,  7  subject s ou t  o f  8 
wer e faste r  whe n readin g space d texts .  Ther e wa s n o 
interactio n betwee n Coherenc e an d Spacin g [F(l ,  7 )  =  0.94 , 
ns.] .  Subjects '  restrospectiv e report s indicat e that ,  i f 
anything ,  the y though t  tha t  space s wer e makin g readin g 
harder .  I n addition ,  n o Subjec t  mad e comment s o n th e 
absenc e o f  space s a t  th e en d o f  sentences .  Thi s suggest s tha t 
the y wer e no t  negativel y affecte d b y thi s featur e o f  ou r 
material . 

Wit h Englis h texts ,  th e tw o mai n effect s wer e significant : 
coheren t  text s [F(l ,  7 )  =  14.65 ,  p  <  .01 ]  an d space d text s 
|F(I ,  7 )  =  50.75 ,  p  <  .001 ]  wer e rea d faste r  tha n incoheren t 
and unspace d texts ,  respectively .  Ther e wa s n o interactio n [ F 
(1,7 )  =  2.35 ,  ns] . 

Subject s sho w the n th e sam e genera l  patter n o f  result s 
wit h th e tw o languages :  the y wer e faste r  wit h coheren t  text s 
tha n wit h incoheren t  texts ,  an d the y wer e faste r  wit h space d 
text s tha n wit h unspace d texts .  Ther e are ,  however ,  tw o clea r 
difference s betwee n th e languages .  First ,  Subject s wer e faste r 
[ t  =  4.77 ,  p  <  .001 ]  t o rea d text s i n Thai ,  thei r  nativ e 
languag e (52.9 5 sec ,  o n average )  tha n text s i n English ,  thei r 
secon d languag e (76.4 8 sec ,  o n average) .  Fo r  th e conditio n 
English/Coherent/Spaced ,  i t  too k .6 6 se c pe r  wor d o n 
averag e (wit h a  m i n i m u m averag e o f  .5 3 se c pe r  wor d fo r  th e 
faste r  Subjec t  an d a  m a x i m u m averag e o f  .9 1 se c pe r  wor d 
fo r  th e slowes t  Subject) ,  o r  57. 4 se c pe r  paragraph .  Fo r  th e 
conditio n Thai/CoherentAJnspaced ,  whic h approximate s 
writte n Thai ,  i t  too k 0.4 7 se c pe r  wor d o n averag e (wit h a 
m i n i m u m o f  .3 6 an d a  m a x i m u m o f  .6 1 se c pe r  word) ,  o r 
46. 2 se c pe r  paragraph .  Second ,  th e effec t  o f  spacin g i s 
stronge r  wit h Englis h (o n average ,  a  differenc e o f  33.7 2 se c 
betwee n th e space d an d unspace d conditions )  tha n wit h Tha i 
(o n average ,  a  differenc e o f  1.3 7 sec )  text s [ t  =  6.76 ,  p  < 
.001] . 

B Coherent-Space d 
D Coherent-Unspace d 

n Incoherent-Space d 

O Incoherent-Unspace d 
^  1 2 0 i 
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Language 

Figure  3: Average time to read a paragraph, as a function of 
language ,  coherenc e an d spacing .  Th e erro r  bar s indicat e di e 

standar d error s o f  th e mean . 
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W o rd pronounce d incorr e 
Word repeate d 
W o rd skippe d 
Word adde d 
Orde r  o f  word s reverse d 
Tota l  error s 

W o rd pronounce d incorr e 
Word repeate d 
W o rd skippe d 
W ad adde d 
Orde r  o f  wonJ s reverse d 
Tota l  error s 

ctl y 

:ctl y 

C o h e r e n t 
Space d 

0. 3 
0. 2 
0. 5 
0. 3 
0.1 
1. 4 

1.8 
0. 2 
0. 1 
0. 2 
0. 0 
2. 4 

C o h e r e n t 
U n s p a c e d 

0. 7 
0. 2 
0. 4 
0. 5 
0. 0 
1. 7 

4. 3 
0. 4 
0. 5 
0. 4 
0. 0 
5. 6 

Incoheren t 
Space d 

T h a i 

1.3 
0. 2 
0. 6 
0. 5 
0.1 
2. 7 

Englis h 

2. 0 
0. 4 
0. 4 
0. 4 
0. 0 
3. 2 

Incoheren t 
U n s p a c e d 

1.1 
0. 2 
0. 8 
1.0 
0. 2 
3. 4 

6.1 
0. 5 
0. 9 
0. 5 
0. 0 
8. 0 

Tabl e 1 :  Averag e numbe r  o f  error s i n readin g a  paragrap h pe r  languag e an d pe r  typ e o f  error . 

E r ro r s i n R e a d i n g 

We code d readin g error s int o fiv e categories :  1 .  Woi d 
pronounce d incorrecd y (e.g. ,  "theories "  rea d a s "theory") ;  2 . 
Word repeate d (e.g. ,  "in "  read  a s "i n in") ;  3 .  Wor d skippe d 
(e.g. ,  "sponsorshi p t o a  abandon "  rea d a s "sponsorshi p t o 
abandon") ;  4 .  W o r d adde d (e.g. ,  "on e welfare "  rea d a s "on e o f 
welfare") ;  5 .  Word s i n wron g orde r  (e.g .  "t o the "  rea d a s "th e 
to") .  Tabl e 1  give s th e result s fo r  eac h languag e an d eac h 
typ e o f  error . 

Wit h Thai ,  al l  type s o f  errors ,  excep t  fo r  "Wor d added "  di d 
not  sho w an y mai n effec t  o r  interaction .  Wit h "Wor d added, " 
space d text s [F(l,7 )  =  6.44 ,  p  <  .05 ]  an d coheren t  text s 
[F(l,7 )  -  5.72 ,  J 2 <  .05 ]  showe d les s errors .  Ther e wa s n o 
interaction . 

Wit h English ,  ther e wa s n o significan t  mai n effec t  no r 
interactio n fo r  th e followin g type s o f  errors :  Wor d repeated , 
W o rd added ,  an d W o r d i n wron g order .  Wit h th e typ e o f  erro r 
"Wor d pronounce d incorrectly, "  space d text s [F(l,7 )  =  56.42 , 
P <  .001 )  an d coheren t  text s (th e effec t  i s  marginall y 
significant :  F(l,7 )  =  4.11 ,  p = .082 )  ha d fewe r  errors .  Ther e 
was n o interaction .  Wit h th e typ e o f  erro r  "Skippe d word" , 
bot h th e effec t  o f  Coherenc e [F(l,7 )  =  5.46 ,  p  =  .052 ]  an d o f 
Spacin g [F(l,7 )  =  4.63 ,  p  =  .068 ]  wer e marginall y 
significant ,  an d ther e wa s n o interaction .  I n bot h cases ,  th e 
absenc e o f  meanin g an d space s increase d th e numbe r  o f 
error s i n reading . 

On average ,  subject s mad e mor e error s fo r  Englis h text s 
tha n fo r  Tha i  texts .  Interestingly ,  th e tota l  numbe r  o f  error s 
mirror s th e readin g tim e dat a i n Figur e 2  almos t  exactly . 
Comparison s o f  th e result s fo r  th e tw o language s i n Tabl e 1 
show s tha t  th e mai n sourc e o f  error s lie s i n th e numbe r  o f 
wor d pronounce d incorrectly . 

D i s c u s s i o n 

We addresse d thre e question s i n thi s study .  First ,  w e teste d 
tw o competin g hypotheses :  doe s addin g space s t o Tha i  text s 
slo w dow n readers ,  becaus e i t  interfere s wit h th e wel l  tune d 
mechanism s tha t  thes e reader s hav e develope d ove r  th e years , 
or  doe s i t  hel p reading ,  becaus e i t  add s informatio n t o th e 
text ? Dat a o n readin g tim e an d error s giv e suppor t  t o th e 
latte r  hypothesis .  Tha i  reader s wer e abl e t o us e th e visua l 
cue s signalle d b y space s t o enhanc e thei r  readin g spee d an d 
diminis h error s eve n i n Thai ,  althoug h space s wer e mor e 
usefu l  fo r  the m wit h Englis h texts .  A s propose d b y Rayne r 
(1993) ,  spaces ,  i f  presen t  a t  all ,  see m t o pla y a  key , 
universa l  rol e i n reading . 

Wit h errors ,  w e foun d tha t  Spacin g an d Coherenc e ha d a 
reliabl e effec t  o n th e wa y subject s mad e error s o f 
pronunciatio n an d skippe d word s wit h English ,  an d o n th e 
way the y adde d word s wit h Thai .  Bot h th e deletio n o f  word s 
i n th e secon d languag e an d th e additio n o f  word s i n th e 
nativ e language  ma y b e explaine d b y subjects '  knowledg e o f 
conditiona l  probabilitie s fo r  eac h language .  Wit h th e secon d 
language ,  suc h knowledg e i s weak ,  s o subject s d o no t  easil y 
acces s word s i n difficul t  (incoheren t  or/an d unspaced )  texts , 
and therefor e ten d t o ski p words .  Wit h thei r  nativ e language , 
suc h knowledg e i s strong ,  s o subject s acces s easil y word s 
suggeste d b y th e previou s word s (an d sometime s b y th e nex t 
words) ,  an d therefore ,  whe n readin g difficul t  texts ,  ten d t o 
add word s likel y t o b e present .  Finally ,  th e effec t  o f  Spacin g 
and Coherenc e o n th e error s o f  pronunciatio n i n English ,  bu t 
not  i n Thai ,  ma y b e explaine d b y th e fac t  tha t  th e 
mechanism s t o generat e a  correc t  pronunciatio n ar e no t 
develope d i n Englis h a s wel l  a s i n Thai .  Whil e subject s 
coul d contro l  pronunciatio n t o som e exten t  whe n readin g 
norma l  texts ,  thei r  attentio n wa s use d t o othe r  goal s whe n 
readin g th e unspace d an d incoheren t  texts ,  whic h produce d 
mor e error s o f  pronunciation . 
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Second ,  w e wer e intereste d i n th e interactio n betwee n 
Coherenc e an d Spacing .  A s mentione d earlier .  Boot h e t  al . 
(1995 )  foun d suc h a n interaction ,  and ,  base d o n thi s result , 
conclude d tha t  semantics ,  rathe r  tha n spaces ,  ar e th e mos t 
importan t  determinant s o f  readin g spee d an d eiTor s 
(Incidently ,  thi s conclusio n doe s no t  follo w logicall y fro m 
thei r  data ,  no r  d o thei r  dat a validat e th e predictio n o f  a  clearl y 
state d theoretica l  model) .  I n ou r  results ,  ther e wa s n o suc h 
interactio n eithe r  fo r  readin g tim e o r  fo r  error s i n reading , 
eithe r  wit h Englis h text s o r  wit h Tha i  texts .  Thus ,  th e 
effect s o f  Coherenc e an d Spacin g wer e additive ,  whic h run s 
agains t  th e predictio n o f  Boot h e t  al .  (1995) . 

Third ,  w e teste d whethe r  ther e i s a  transfe r  fro m readin g a 
nativ e unspace d languag e t o readin g a  second ,  space d 
languag e wher e space s hav e bee n added .  W e foun d tha t  ther e 
was n o suc h transfer .  Wit h coheren t  texts ,  th e proportio n o f 
increase d tim e i n readin g unspace d text s a s compare d t o 
space d text s i s eve n highe r  fo r  ou r  Tha i  nativ e speake r 
subject s (5 5 % )  tha n fo r  Englis h nativ e speake r  subject s 
(fro m 3 0 % t o 4 8 % ,  cf .  Rayne r  &  Pollatsek ,  1996) . 

I n thei r  conclusion .  Boot h e t  al .  (1995 )  propose d 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 lette r 
grouping s becom e ambiguous ,  an d no t  becaus e removin g 
space s impair s saccadi c programming. "  The y use d th e 
presenc e o f  a n interactio n betwee n Coherenc e an d Spacin g a s 
evidenc e fo r  thei r  position .  Th e lac k o f  suc h a n interactio n 
i n ou r  result s raise s doubt s abou t  th e generalit y o f  thi s 
conclusion .  I n general ,  w e believ e that ,  instea d o f  opposin g 
wor d recognitio n agains t  saccadi c programming ,  a s wa s don e 
i n a  recen t  theoretica l  controvers y (Epelboi m e t  al .  1994 , 
1996 ;  Rayne r  &  Pollatsek ,  1996) ,  on e shoul d tr y t o develo p 
a theor y whic h explain s ho w thes e tw o processe s occu r 
together . 

The lac k o f  preferenc e fo r  non-space d text s i n readin g 
Thai ,  eve n thoug h thi s i s wha t  th e reader s wil l  hav e 
encountere d before ,  a s wel l  a s th e difficult y ou r  Subject s ha d 
wit h unspace d text s i n English ,  ru n counte r  t o th e claim s o f 
Epelboi m e t  al .  (1994) .  Similarly ,  th e lac k o f  a n interactio n 
betwee n spacin g an d coherenc e strongl y sugges t  tha t  reader s 
use readin g strategie s base d o n space s independentl y from 
strategie s base d o n meaning . 

Thai  nativ e speakers ,  althoug h the y ar e use d t o readin g 
unspace d tex t  i n thei r  ow n language ,  ca n stil l  us e th e 
informatio n provide d b y space s t o improv e thei r  reading , 
bot h wit h respec t  t o spee d an d errors .  Presumably ,  thi s 
informatio n i s use d i n additio n t o th e automate d processe s 
the y hav e develope d i n learnin g ho w t o read .  Spacin g seem s 
the n t o b e a  cu e tha t  i s universa l  acros s languages ,  whic h 
reader s ca n use ,  i n additio n t o cue s specifi c  t o eac h language , 
t o kno w whe n word s ar e likel y t o end .  Whethe r  thes e cue s 
ar e use d t o direc t  ey e movement s o r  t o facilitat e lexica l 
acces s an d whethe r  th e advantag e offere d b y spacin g extend s 
t o punctuatio n ar e question s fo r  furthe r  research . 

It  i s  commo n knowledg e tha t  text s writte n i n a  cluttere d 
way ta x short-ter m memor y an d slo w dow n readin g an d 
comprehensio n (e.g. ,  Burnett ,  1990) .  Take n togethe r  wit h 
th e resul t  o f  ou r  experiment ,  thi s suggest s tha t  addin g space s 
i n Tha i  woul d hav e a n importan t  impac t  o n Tha i  education . 
Shoul d Thai ,  lik e Lati n abou t  thousan d year s ago . 

incorporat e space s t o delimi t  word s i n orde r  t o mak e readin g 
(iin d writing )  easier ? Assumin g tha t  ou r  result s ar e robust , 
thi s decisio n depend s o n a  trade-of f  betwee n th e cognitiv e 
and educationa l  gai n o f  addin g space s an d it s cost—cultural , 
social ,  an d economic . 
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