To appear

in the Proceedings of the 19th Annual

Meeting of the

Cogni tive Science Society (1997).

Adding Spacesto Thai and English: Effects on Reading

Chananda Kohsom

Fernand Gobet

ESRC Centre for Research in Development
Instruction and Training
Department of Psychology
University of Nottingham
Nottingham NG7 2RD
United Kingdom

{cgk,

Abstract

Most researchon reading has used Western languages,
which have the property of being spaced. This paper
examines how spacing and meangfgect readingin Thai,

a modern, alphabetic anthspacedanguage.Resultsshow
that subjectswere faster in reading and madeless errors
when spaceswere added. Meaning facilitates reading as

well, and does not interact with spacing. Finally, abitity
readunspacedexts in Thai doesnot transferto English.

The results support the hypothesis that spaces, when

presentat all, offer perceptualcuesthat facilitate reading.
Efficiency considerationsraise the question of whether
Thai shouldfollow the exampleof Westernlanguagesand

incorporate spaces and punctuation.

Introduction

Western readerare so usedto seeingspacesn texts that it
may come as a surprisethat spacesare a relatively late
feature of Western writtelanguagesAs a matterof fact, it
wasnot until latein the eighth century that written Latin
incorporated spacesnd punctuationin orderto improvethe
copying of texts (Boorstin, 1983). Even nowadays,quite a
few modernwritten languagessuch as Chinese,Japanese,
and Thai, do not usspacesas a meanfor separatingexical
units.

Most researchon readingin generaland on the role of
spacesin particular has been carried out using spaced
languagesmainly English (e.g., McConkie et al., 1988,
1989; for experiments usinginnish, seeHyona, Niemi, &
Underwood,1989; for a review, see Underwood& Everatt,
1992). It is known that removing spacesfrom normal,
meaningfultexts reducesreading speedby about 30-50%
(Rayner & Pollatsek, 1996) with readers having little
practice with such material. In general, however, sacsaeée
andlanding position in a word aresimilar in both types of
text (Epelboim, Booth, & Steinman, 199#jinally, Booth,
Epelboimand Steinman(1995) have shown that removing
spaces hamore effect with meaninglessnaterialthan with
meaningful material.

Classical accountsof reading in English assumethat
spacesare important cues, which readersuse in planning
where to move their eyes; for example, woedognitionand

saccade programming are both influenced by the removal o
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space information (Pollatsek & Rayner, 1982; Rayner,
1993; Rayner & Pollatsek, 1996). This view has been
recently challenged by Epelboim et al. (19941p35), who
stressthat “words, not spacesmay serveas the perceptual
units that guide the line of sight through the text.”

The ratioof numberof spacedo numberof wordsvaries
acrossWesternlanguageslin particular,Dutch and German
tendto collapsesyntacticunits into long words, although
spacing still plays an importantle in thesetwo languages
(for example, articles or adverbsare never compounded).
Epelboim et al. (1994) report that one Dutch reader(CE)
showedlittle decremenin readingDutch when the spaces
were removed. They suggestedthat CE was relatively
unaffectedby the removal of spaceswhen reading Dutch
becauseas other native Germanor Dutch speakers,CE
could usethe strategieshe had developedto cope with the
long compound words in his language.

Up to now, research has focusen the removalof spaces
in spacedlanguages(e.g., the seminal work of Fisher,
1976). But what happensin the conversesituation, where
spacesare addedin unspacedlanguages?Two competing
predictions can be generat'dm generalconsiderationsOn
the one hand, since spacesadd information to a text, one
could expect that readers can use thisrmationin orderto
readfasterandwith lesserrors.This would support Rayner
and Pollatsek’s (1996) contention that spaces plegyaole
in reading.On the other hand, adult native speakersof an
unspaced language have probably tuned their reading
mechanisms,including their oculomotor strategies and
lexical access processes ti® morphologicalcharacteristics
of their language.Addition of spacesshould disrupt these
mechanismsnd, as a consequenceslow down readingand
increase the number of errors. This outcome would
undermine Rayner and Pollatsek’s theoretical position.

The case for Thai

Written Thai offers an ideal case for studying these
competing hypotheses. Thai is a modern, alphabetic
languagewhich hasthe peculiarity of not using spacesto
segmentsyntactic units—spacesre used only to delimit
sentences—anaf rarely using punctuation signs. (Even
though words run together, Thai natisgeakersio havethe
nPtion of words, as can been seen in the word-by-
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Figure 1: An example of Thai text. This passage describes Thai student life in Japan.

word method used to teach Thai in primary schoolianthe
presenceof dictionariesusing lexical entries.) There are 44
consonants in Thai and 32 basic vowels wraghusedwith
consonants to form words butich are not countedas part
of the 44-letter Thai alphabet. In the Thai alphabet

consonants and vowels are considered separately bebayse

are governed by differemtiles. Thai vowels are written in a
number of positions in relation to the consonantor
consonants (before, after, above or underjhegosition of
a certainvowel is fixed and unchangeabléfor more about
the Thai language, see, for example, Allison, 1994).

In Thai, spaces are used only figlimiting sentencesnd,
rarely, for emphasising words. Note tlsaimetimeghe lack
of spacingmay lead to ambiguity, for examplewhen the
same string of charactersmay be parsedinto words in
different ways, which may resultin different meanings.To
distinguishthe meaningof those words, Thai readersmay
have toreadall alongthe sentencauntil they find out what
those words really mean. In generad, punctuationmark is
used in Thai. (See Figure 1 for an example of Thai text).

We were interestedin three questionsin relation to
spacing in a reading-aloudsk. First, we wantedto testthe
two competinghypothesesmentionedabove. Second,we
wanted to see whethspacingandthe degreeof meaningof
the text interact in the same way in Thai readers @gdsin
English readers (Booth et al., 1995). Third, we wantesee
whether Thai readersadapt easily to the situation where
spacesare removedin a spacedforeign language,in this
case, English.

M ethods

Subjects

We studiedfive femaleandthreemale Thai native speakers
studying at the University of Pittsburgh (mean @feyears;
mean TOEFL 566 points), with educational background
rangingfrom undergraduatelegree(5 subjects)to Masters’
degree (3 subjects).

Design

The within-subject design included three independent
variables: (1) Language:text in Thai (subjects’ native
language)or in English; (2) Spacing:spacedor unspaced
texts; (3) Coherence: coherent or incoherent t&e¢pendent

variables were the time takenneada paragraphaswell as
the type and number of errors in reading.

Material

Each cell(Languagex Coherencex Spacing)consistedof 4
paragraphs of around 10 lineach.Two different texts were
chosen,onein Thai, the otherin English. Both texts dealt
with Japanese@olitics, were semi-technicabnd were judged
of roughly the same difficultyEight consecutiveparagraphs
were selectedfor each language(sometimeschanging the
way the original text was organizé&u paragraphs)For each
paragraphwe tried to keep the averagenumber of lines
(English = 10.4, Thai = 9.1the numberof words (English
= 86.9, Thai = 98.2)andthe numberof character§English
=602, Thai = 621%imilar betweenthe two languagesThe
small differencesare explainedmainly by the presenceof
accents in Thai but not iBnglish and by the fact that Thai
words are on average smaller than English words (cf.
Allison, 1994).

Manipulation of spacingand creationof incoherenttext
was carried out in a way similar to Boothadt (1995), both
for the English and Thai texts. In the unspacedcondition
with English, allspacesveresimply removed.To keepthe
unspacecdconditions consistentacrosslanguages,we also
removedthe spacesat the end of Thai sentencesin the
spacedconditionwith Thai, one spacewas addedafter each
word; thus, the end of sentencavas now delimited by two
spaces.Incoherentparagraphswere built by randomizing
coherent paragraphs, replacing randomly a word wgrd of
the samesize. For the English text, capital letters were
maintainedat the beginningof a sentenceand for proper
nouns. (Thai doesnot differentiate betweenuppercaseand
lowercase letters). Words within a paragraph were
randomizeddifferently for eachsubject. Both with coherent
and incoherenttexts, the paragraphswvere presentedn the
sameorder as in the original document.Half the subjects
received the English texts first, and half thébjectsreceived
the Thai texts first. Within eachlanguagethe presentation
of the 4 possible permutationsspacing x coherencewas
counterbalancedNote that the length of the text varies
between the spaced and unspacedconditions. This is
necessaryn orderto keepthe numberof wordsin a line
constant between the conditions. Figure 2 illustrateT fai
and English, the eight experimental conditions.
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Thai, Unspaced, Coherent (normal text without end-of-sentence spaces)
Hunwuafinssaasuszasulaslagaidesniradaasalusiue
wssassinauauihmsdissdijufegluaswgaviiairlasg
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Thai, Unspaced, Incoherent
waznsznsnddumihendsessulasdomhinauauanaisluaia
wsulathadasnluinGasusenleainufiznenssuauazaas
wulnuaniadutandusufisieeg1edasuau

English, Spaced, Coherent (normal text)
In industrial democracies, governments differ with respect to
their welfare policies. In Europe, governments at times respond
directly to organized groups demanding changes in welfare

English, Spaced, Incoherent
As autonomous bureaucrats, bureaucrats offers been despite to
seeks welfare specific. At policy, democracies is focus paradox
programs of dominance social emergence explain of explain

English, Unspaced, Coherent
Inindustrialdemocracies,governmentsdifferwithrespectto
theirwelfarepolicies.InEurope,governmentsattimesrespond
directlytoorganizedgroupsdemandingchangesinwelfare

English, Unspaced, Incoherent
Toapproachesexplanation,responsiblesociallackwelfareor
needsresolveresearch.Topolicy,bureaucratsispointwelfare
policiesofprecedentsocialelectoralWesterniswelfare

Figure 2: Examples of Thai and English texts used in the experiment, in the four spaced x coherent permutations.
(Actual texts were on average 10 lines long).



The texts wergoresentedn a MacintoshQuadrawith a 13-
inch viewable diagonalscreen,using a programwritten in
Hypertalk. The texts were in black font; the background
screenwas light blue. Thai texts were presentedwith the
Thonburi Font, 18 point, and English texts were presented
with the Times font, 1§oint. Textsin both languagesad
roughly the same appearanceto the extent that this is
possible with alphabets so different.

Procedure

In the introduction tahe experiment subjectswere required

to speakloudly and clearly, so that they could be clearly

recorded. A single paragraph appeared on the sc8ediects
pressedthe spacekey to indicate that they had finished

reading a paragraph. There were fwacticeparagraphgone

spacedand one unspacedpeforeeachlanguagex coherence
block. Within each such block, spaced and unspaced
paragraphsvere presentedn pairs. Before eachparagraph,
subjectsreceiveda message(always in English), either

“Thenextparagraphwillbeunspacedit “The next paragraph
will be spaced”.Subjectswere recordedwhen they readthe

text. The experiment lasted on averagp@utone hour anda

half.

Results

Results were analysextparatelyffor eachlanguageusing an
Analysis of Variancewith repeatedmeasureson Coherence
and Spacing.Exceptfor plannedcomparisonswe refrained
of carrying a three-way analysis of variance, becausethe
third independentariable (Thai vs. English) wasnot under
direct experimentalcontrol. The outcomeof such a three-
way analysis of variancewould be hard to interpret, as
severalvariableswould be confounded,mainly: language,
averagelength of words, differential experiencewith each
language.

We first present the analysis of reading times, and then
analysis of reading errors. In bothsesye first discussthe
Thai condition, and then the English condition.

Reading Time

Figure 3 showsthe averagereadingtimes for the Thai and
English texts. (We havpresentedhe resultsasthe time to
reada paragraphinstead of as the time to read a word,
becausef the different averagdength of words in English
andin Thai). With Thai texts, subjectswere slowerto read
meaninglessexts [F(1, 7) = 38.68, p < .001], while the
addition of spaces made reading faster (the effect is
marginally significant: E(1, 7) = 4.21, p < .08). With
coherent texts, 8ubjectsout of 8 werefasterwhen reading
spacedexts, andwith incoherenttexts, 7 subjectsout of 8
were faster when reading spaced texts. There was no
interaction between Coherenard Spacing[E(1, 7) = 0.94,
ns.]. Subjects’ restrospective reports indicate that, if
anything, they thought that spaceswere making reading
harder. In addition, no Subject made commentson the
absence of spaces at the endafitencesThis suggestdhat
they were not negatively affected by this feature of our
material.

With English texts, the two maieffectswere significant:
coherenttexts [E(1, 7) = 14.65,p < .01] and spacedtexts
[E(1, 7) = 50.75p < .001] werereadfasterthanincoherent
and unspaced texts, respectively. There wasteoaction[E
(1, 7) = 2.35, ns].

Subjectsshow then the samegeneralpattern of results
with the two languages: they wefasterwith coherenttexts
than with incoherentexts, andthey were fasterwith spaced
texts than with unspaced texts. There are, howevercizao
differences between the languages. First, Subjects fastrr
[t =4.77, p < .001] to read texts in Thai, their native
language (52.95 sec, on average) than textnglish, their
secondlanguage(76.48 sec,on average)For the condition
English/Coherent/Spacedt took .66 sec per word on
average (with a minimum average of .53 sec per worthtor
faster Subjectand a maximum averageof .91 sec per word
for the slowesSubject),or 57.4 secper paragraphFor the
condition Thai/Coherent/Unspacedwhich approximates
written Thai, it took 0.47 secperword on average(with a
minimum of .36 anda maximumof .61 sec per word), or
46.2 secper paragraph.Second,the effect of spacingis
stronger with Englisi{on averagea differenceof 33.72 sec
between the spaceahd unspacectonditions)than with Thai
(on averagea differenceof 1.37 sec)texts [t = 6.76, p <
.001].
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Coherent Coherent Incoherent Incoherent
Spaced Unspaced Spaced Unspaced

Thai
Word pronounced incorrectly 0.3 0.7 1.3 1.1
Word repeated 0.2 0.2 0.2 0.2
Word skipped 0.5 0.4 0.6 0.8
Word added 0.3 0.5 0.5 1.0
Order of words reversed 0.1 0.0 0.1 0.2
Total errors 1.4 1.7 2.7 3.4

English
Word pronounced incorrectly 1.8 4.3 2.0 6.1
Word repeated 0.2 0.4 0.4 0.5
Word skipped 0.1 0.5 0.4 0.9
Word added 0.2 0.4 0.4 0.5
Order of words reversed 0.0 0.0 0.0 0.0
Total errors 2.4 5.6 3.2 8.0

Table 1: Average number of errors in reading a paragraph per language and per type of error.

Errorsin Reading

We coded reading errors into five categories: 1. Word
pronounced incorrectl{e.g., “theories” readas “theory”); 2.
Word repeatede.g., “in” readas‘in in”); 3. Word skipped
(e.g., “sponsorshipto a abandon’read as “sponsorshipto
abandon”); 4. Word added (e.g., “one welfare” raadone of
welfare”); 5. Words in wrong order (e.g. “to thefadas “the
to”). Tablel1 gives the resultsfor eachlanguageand each
type of error.

With Thai, all types of errors, excefur “Word added’did
not show any main effect or interactioWith “Word added,”
spacedtexts [F(1,7) = 6.44, p < .05] and coherenttexts
[F(1,7)=5.72, p < .05] showedlesserrors. There was no
interaction.

With English, there was no significant main effect nor
interaction forthe following typesof errors:Word repeated,
Word added, and Word in wrong order. With tiipe of error
“Word pronounced incorrectly,” spaced texg1,7) =56.42,
p < .001) and coherenttexts (the effect is marginally
significant:F(1,7) = 4.11p = .082) hadfewer errors.There
was no interaction.With the type of error “Skipped word”,
both the effect of Coherendg(lL,7) = 5.46p = .052] and of
Spacing [E(1,7) = 4.63, p = .068] were marginally
significant, andtherewas no interaction.In both casesthe
absenceof meaningand spacesincreasedthe number of
errors in reading.

On averagesubjectsmademore errors for English texts
than for Thai textsInterestingly,the total numberof errors
mirrors the readingtime datain Figure 2 almost exactly.
Comparisons of the results for the two language¥able 1
showsthat the main sourceof errorslies in the number of
word pronounced incorrectly.

Discussion

We addressethreequestionsn this study. First, we tested
two competing hypotheses: does addipgcego Thai texts
slow downreaderspecausat interfereswith the well tuned
mechanisms that these readers have developedim/gears,
or doesit help reading,becauset addsinformation to the
text? Data on readingtime and errors give supportto the
latter hypothesis.Thai readerswere able to use the visual
cuessignalledby spacedo enhanceheir reading speedand
diminish errorsevenin Thai, although spaceswere more
useful for themwith English texts. As proposedby Rayner
(1993), spaces,if presentat all, seemto play a key,
universal role in reading.

With errors,we found that Spacingand Coherencehad a
reliable effect on the way subjects made errors of
pronunciationand skippedwordswith English, and on the
way they added words witFihai. Both the deletionof words
in the secondlanguageand the addition of words in the
native language may be explaineddmpjects’knowledgeof
conditional probabilities foeachlanguage With the second
language, such knowledge is weak, so subjéatsot easily
accesswvordsin difficult (incoherentor/and unspaced}exts,
and therefore tend to skip words. Witkeir native language,
suchknowledgeis strong, so subjectsaccesseasily words
suggested by the previous words (and sometimdbhdogext
words), and therefore,when readingdifficult texts, tend to
add words likely to be present. Finally, teect of Spacing
and Coherence on the errors of pronunciation in Engdtish,
not in Thai, may be explained by the fact that the
mechanismsto generatea correct pronunciation are not
developedin English as well as in Thai. While subjects
could control pronunciationto some extent when reading
normal texts, their attentionwas usedto other goals when
readingthe unspacedand incoherenttexts, which produced
more errors of pronunciation.



Second,we were interestedin the interaction between
Coherenceand Spacing.As mentionedearlier, Booth et al.
(1995) found suchan interaction,and, basedon this result,
concludedthat semantics rather than spacesare the most
important determinants of reading speed and errors
(Incidently, this conclusiondoesnot follow logically from
their data, nor do their data validate the prediction déarly
statedtheoreticalmodel).In our results,there was no such
interactioneitherfor readingtime or for errorsin reading,
either with English texts or with Thai texts. Thus, the
effectsof Coherenceand Spacingwere additive, which runs
against the prediction of Booth et al. (1995).

Third, we tested whethehereis a transferfrom readinga
native unspacedlanguage to reading a second, spaced
language where spaces hdex=nadded We found that there
was no such transfer. Wittbherenttexts, the proportion of
increasedtime in reading unspacedtexts as comparedto
spacedtexts is even higher for our Thai native speaker
subjects(55 %) than for English native speakersubjects
(from 30% to 48%, cf. Rayner & Pollatsek, 1996).

In their conclusion, Booth et al. (1995) proposedthat
“reading slows down when spacesare removed because
removing spacesimpairs word recognition when letter
groupingsbecomeambiguous,and not becauseremoving
spaces impairs saccadic programming.” They used the
presence of an interaction between Coherence&Saadingas
evidencefor their position. The lack of such an interaction
in our results raises doubts about the generality of this
conclusion. In generalye believethat, insteadof opposing
word recognition against saccadic programmingyvasdone
in a recenttheoreticalcontroversy(Epelboim et al. 1994,
1996; Rayner & Pollatsek, 1996), one shouidto develop
a theory which explains how thesetwo processesoccur
together.

The lack of preferencefor non-spacedexts in reading
Thai, even though this is what the readerswill have
encountered before, as well as the difficdtyr Subjectshad
with unspaced texts in English, run courtieithe claims of
Epelboim et al. (1994). Similarly, tHack of an interaction
between spacingnd coherencestrongly suggesthat readers
use reading strategiesbasedon spacesindependentlyfrom
strategies based on meaning.

Thai native speakersalthoughthey are usedto reading
unspacedtext in their own language,can still use the
information provided by spacesto improve their reading,
both with respectto speedand errors. Presumably, this
informationis usedin addition to the automatedprocesses
they have developed in learnihgw to read.Spacingseems
thento be a cuethat is universalacrosslanguageswhich
readers can use, in addition to cues specifeatthlanguage,
to know whenwordsarelikely to end. Whetherthesecues
are usedto direct eye movementsor to facilitate lexical
access an@vhetherthe advantageoffered by spacingextends
to punctuation are questions for further research.

It is commonknowledgethat texts written in a cluttered
way tax short-term memory and slow down reading and
comprehensior(e.g., Burnett, 1990). Taken together with
the result of our experiment, this suggests that adsiiages
in Thai would havean importantimpact on Thai education.
Should Thai, like Latin about thousand years ago,

incorporate spaces to delimit woritis orderto makereading
(andwriting) easier?Assumingthat our results are robust,
this decisiondependson a trade-off betweenthe cognitive
and educational gaiof addingspacesandits cost—cultural,
social, and economic.
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