
Journal of Memory and Language 61 (2009) 339–351
Contents lists available at ScienceDirect

Journal of Memory and Language

journal homepage: www.elsevier .com/locate / jml
Eye movements when reading spaced and unspaced Thai and English:
A comparison of Thai–English bilinguals and English monolinguals

Heather Winskel a,*, Ralph Radach b, Sudaporn Luksaneeyanawin c

a School of Psychology, University of Western Sydney, P.O. Box 1767, Penrith South, NSW 1767, Australia
b Department of Psychology and Florida Center for Reading Research, Florida State University, 1107 W. Call Street, Tallahassee, FL 32306-4301, USA
c Center for Research in Speech and Language Processing (CRSLP), Chulalongkorn University, Phaya Thai Road, Pathumwan, Bangkok 10330, Thailand
a r t i c l e i n f o

Article history:
Received 4 June 2008
Revision received 27 June 2009
Available online 4 August 2009

Keywords:
Reading
Thai
Interword spaces
Eye movements
Bilinguals
0749-596X/$ - see front matter � 2009 Elsevier Inc
doi:10.1016/j.jml.2009.07.002

* Corresponding author. Address: 31 Douglas St., R
Australia.

E-mail address: h.winskel@uws.edu.au (H. Winsk
a b s t r a c t

The study investigated the eye movements of Thai–English bilinguals when reading both
Thai and English with and without interword spaces, in comparison with English monol-
inguals. Thai is an alphabetic orthography without interword spaces. Participants read sen-
tences with high and low frequency target words embedded in same sentence frames with
and without interword spaces. Interword spaces had a selective effect on reading in Thai, as
they facilitated word recognition, but did not affect eye guidance and lexical segmentation.
Initial saccade landing positions were similar in spaced and unspaced text. As expected,
removal of spaces severely disrupted reading in English, as reflected by the eye movement
measures, in both bilinguals and monolinguals. Here, initial landing positions were signif-
icantly nearer the beginning of the target words when reading unspaced rather than spaced
text. Effects were more accentuated in the bilinguals. In sum, results from reading in Thai
give qualified support for a facilitatory function of interword spaces.

� 2009 Elsevier Inc. All rights reserved.
Seen from a dynamic visuomotor perspective, continu-
ous reading involves two concurrent streams of processing.
The primary stream is the processing of written language,
where the acquisition of orthographically coded informa-
tion feeds into the construction of a cognitive text repre-
sentation. At the same time, the targeting and timing of
saccadic eye movements serve to provide adequate spa-
tio-temporal conditions for the extraction of text informa-
tion. Research into the architecture and dynamics of
information processing during reading has entered a new
stage with the recent development of complex theories
and computational models (see Engbert, Nuthmann,
Richter, & Kliegl, 2005; Reichle, Rayner, & Pollatsek, 2003,
for seminal discussions). However, the focus of these
theoretical developments and the underlying empirical
research has been on Indo-European languages such as
. All rights reserved.
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el).
English and German and relatively little work exists on
reading of non-Roman scripts. In this context, Thai is par-
ticularly interesting as it has an alphabetic orthography,
but does not naturally have interword spaces.

Spacing effects in Roman scripts

Visuomotor control in reading involves both spatial and
temporal aspects. During each fixation it must be decided
when and where the saccadic movement is to be executed.
A large body of research has shown that eye movement
control in alphabetic writing systems is largely word
based. When a word is selected as the target for the ensu-
ing saccade, a movement is programmed that aims at posi-
tioning the eyes at an ‘‘optimal viewing position” (OVP)
(O’Reagan, 1990) close to the word center. However, due
to visuomotor constraints, the actual landing positions of
incoming initial saccades tend to peak at locations further
to the left, between the word beginning and word center
(McConkie, Kerr, Reddix, & Zola, 1988; Radach & McConkie,
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1998; Rayner, 1979). This phenomenon has been named
the ‘‘preferred viewing location” (PVL) (Rayner, 1979) and
is generally considered to be primarily determined by
low level visual processing.

In Roman script, the spatial segmentation of words
appears to be a major aid in guiding eye movements, as
it allows parafoveal vision to parse text into an array of
low spatial frequency word objects that can serve as sac-
cade targets (McConkie et al., 1988). At the same time
interword spaces also facilitate word identification, as they
demarcate the boundaries of letter strings that are in-
tended to correspond to lexical entities (Inhoff & Radach,
2002; Inhoff, Radach, & Heller, 2000; Rayner, Fischer, &
Pollatsek, 1998). Based on these findings and other con-
verging streams of evidence, the field has reached a con-
sensus that both linguistic information processing and
eye movement control are largely word based in Indo-
European languages (Radach & Kennedy, 2004; Rayner,
1998).

Removing spaces in English typically slows reading by
30–50%, disrupting both the way the eyes move through
the text and the word identification process (Morris,
Rayner, & Pollatsek, 1990; Pollatsek & Rayner, 1982;
Rayner et al., 1998; Spragins, Lefton, & Fischer, 1976).
Rayner et al. (1998) observed that the masking or removal
of interword spaces was more deleterious to the reading of
(relatively unfamiliar) low frequency words than when
reading length-matched (relatively familiar) high fre-
quency words. They interpreted their results as indicating
that removal of spaces interferes with word identification.
Visuomotor control was also disrupted as indicated by sub-
stantial changes in the spatial distribution of incoming sac-
cades over target words (landing site distributions). When
interword spaces were present, these investigators found
that readers tended to land a bit to the left of the middle
of the word, whereas when spaces were removed they
tended to land closer to the beginning. One possible expla-
nation is that the lack of spaces does not provide an ade-
quate target for the programming of a saccade into the
word. A second possibility is that the initial landing posi-
tion was altered by the greater difficulty that the partici-
pant had in processing the word (Rayner et al., 1998). In
either case the lack of spaces appears to produce a substan-
tially different pattern of eye movements when reading
English. Juhasz, White, Liversedge, and Rayner (2008) have
further suggested that parafoveal word length information
can be used in combination with sentence context to nar-
row down the possible lexical candidates that are activated
by an upcoming word.

Analogous experiments have been conducted on
German and English compound words. Different spatial
formats lead to different saccade targeting strategies, each
of which is designed to land near the center of spatially
distinct letter groupings (Inhoff & Radach, 2002; Inhoff
et al., 2000). Insertion of illegal interword spaces in
German compound words results in significantly shorter
naming latencies and shorter first fixation durations and
gaze durations than the normal unspaced condition. How-
ever, if the compound word was fixated three or four times
then the last fixation on the compound word was actually
longer in the spaced condition (Inhoff et al., 2000). Inhoff
et al. (2000) concluded that the spaces facilitated lexical
decomposition by providing a strong cue by which to seg-
ment words, but hindered readers’ abilities to correctly
compute the meaning of the compound words. Inhoff
and Radach (2002) reported a similar experiment using
hyphenation in place of spaces (e.g. Gehirnchirurg vs.
Gehirn-Chirurg brain surgeon). Juhasz, Inhoff, and Rayner
(2005) further examined the role of interword spaces when
reading English compound words, which were normally
nonspaced (softball) or normally spaced (front door) or
with incorrect spacing (soft ball, frontdoor). They used
both a lexical decision task and had participants read the
words in sentences while their eye movements were re-
corded. For both types of compounds, lexical decision reac-
tion times as well as error rates showed an advantage for
the insertion of spaces, indicating that constituent process-
ing was facilitated. For eye movements when reading, it
was also found that there was a benefit of spatial segmen-
tation for first fixation measures. However, when process-
ing measures such as gaze duration (which incorporates
refixations and later processes) were included, a cost due
to spatial segmentation was revealed that was not appar-
ent from examining the lexical decision data. Inserting a
space into a normally nonspaced compound had a delete-
rious effect on these later processes, which again indicates
that word comprehension was hindered by the abnormal
insertion of spaces. These studies illustrate that eye move-
ment measures can reveal time course processing
differences and give information about how spatial seg-
mentation and word recognition are affected by interword
spacing, thus giving a picture of how word processing un-
folds over time (Juhasz et al., 2005).

An important point to note is that assessing the func-
tion of spaces in English (or other Indo-European lan-
guages) is compromised by the fact that English readers
are not familiar with unspaced text; hence it is hard to dis-
entangle lack of training or habitual prior experience from
real advantages of spatial segmentation.
Spacing effects in Chinese and Japanese

Some scripts, such as Chinese, Japanese and Thai, do not
naturally have interword spaces. Intriguingly, facilitatory
effects have been found when interword spaces have been
inserted into Chinese (Hsu & Huang, 2000a; Hsu & Huang,
2000b) and also in Thai (Kohsom & Gobet, 1997, but not
using eye movement methodology), even though that for-
mat is not the norm. There has been much debate as to
whether eye movement control in Chinese and Japanese
is word based, as results have been somewhat contradic-
tory. Research conducted on Chinese by Yang and McCon-
kie (1999) and Tsai and McConkie (2003) found no
evidence that there is an equivalent to the preferred view-
ing position phenomenon in Chinese. They concluded that
eye movement control in Chinese is neither word nor char-
acter based. The likelihood of fixating a character de-
creased monotonically from the first to the last character
in a word, a finding that can be interpreted as a result of
randomly sampling from a normal distribution of saccade
amplitudes. However more recently, contradictory results
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have emerged. It has been found that Chinese readers, sim-
ilar to English readers, fixate for less time on high
frequency words than on low frequency words (Yan, Tian,
Bai, & Rayner, 2006), and longer on low predictable words
than on high predictable words (Rayner, Li, Juhasz, & Yan,
2005). Furthermore, they are more likely to skip highly
predictable words in comparison with less predictable
words (Rayner et al., 2005), and high frequency words
more than low frequency words (Yan et al., 2006). Simi-
larly, Yan, Richter, Shu, and Kliegl (2007) have found that
when Chinese readers make a single fixation, they tend
to initially fixate near the word center, and when they
make multiple fixations, they fixate at the word beginning,
with both tendencies occurring more often than would be
predicted by random selection. Hence, recent research
indicates that eye movement control in Chinese is word
based.

Recent research has further investigated whether word
units rather than individual characters are of primary
importance when reading Chinese. Bai, Yan, Liversedge,
Zang, and Rayner (2008) found that sentences with an
unfamiliar word spaced format were as easy to read as
visually familiar unspaced text. They also used an innova-
tive technique in their second experiment, which involved
highlighting word boundaries rather than inserting spaces.
Demarcating word boundaries, either through the use of
spaces or highlighting, neither hindered nor facilitated
reading. As demarcating word boundaries with spaces re-
sulted in faster reading times than the spaced single char-
acter condition, they concluded that word units rather
than individual characters, are the unit of primary impor-
tance in Chinese reading. They proposed that there are
two opposing forces that affect the reading of segmented
Chinese text, facilitation of word processing and the detri-
mental effect that the unfamiliar visual text format has on
reading. Additional support for the importance of word
units for Chinese readers comes from Rayner, Li, and
Pollatsek (2007) who recently successfully simulated the
eye movement behavior of Chinese readers with the
assumption built into the E-Z Reader model that words
were the unit of analysis. In essence, recent research pro-
vides support for the view that words are important and
have a psychological reality for Chinese readers, although
not as prominent a role as in Roman script.

Similar research investigating the effect of spacing on
reading has been conducted on Japanese. Written Japanese
is naturally unspaced, and consists of three distinct scripts;
Hiragana and Katakana (syllabic scripts), and Kanji (an
ideographic script originating from Chinese). Sainio,
Hyönä, Bingushi, and Bertram (2007) found that when
reading ‘‘Hiragana-only” text, both word identification
and eye guidance were facilitated by the insertion of inter-
word spaces, but a mixture of Kanji–Hiragana (ideographic
with syllabic) text was not facilitated by spaces. They also
found an effect of spacing on initial landing positions in
Hiragana, such that the eyes landed further into the word
when reading spaced in contrast to unspaced text. Hence,
results on Hiragana were in line with results from English
(e.g. Rayner et al., 1998), although the facilitatory effects of
spacing were considerably smaller than in English (12% in
Hiragana compared to 30–50% in English). Sainio et al.
(2007) suggest this difference is likely due to interword
spaces not being the norm in Hiragana. Interestingly, they
found script-specific processing differences when reading
Japanese. For the mixed Kanji–Hiragana text they found a
tendency for spaced text to be read slower than unspaced
text, although this difference did not reach significance.
Initial fixation landing position and the PVL for Kanji–
Hiragana was also not affected by spacing. In both spaced
and unspaced text the PVL was found to be in the word
beginning, which is typically occupied by a perceptually
salient Kanji character.

Comparisons between English and Chinese orthogra-
phies are potentially problematic as the Chinese writing
system is predominantly logographic with most ‘‘charac-
ters” denoting units on the level of lexemes or morphemes.
Information is much more densely packed in Chinese
script, as most words include only two to three characters.
These characters are often perceptually quite distinct and
differ in visual complexity, pointing to the possibility that
pre-attentive feature parsing may play a role in perceptual
segmentation (see Wang, Inhoff, & Chen, 1999). In addi-
tion, there is some disagreement as to the location of word
boundaries in Chinese text (Yang & McConkie, 1999). Japa-
nese is also difficult to compare with English, as it includes
a combination of three different types of script.
Reading in Thai

Thai offers an ideal opportunity to further empirically
test the function of interword spaces because Thai script
normally does not have interword spaces to indicate word
or sentence boundaries. However, it is more comparable to
English than Chinese because it is alphabetic. In a first
exploratory study tracking eye movements in Thai, Reilly,
Radach, Corbic, and Luksaneeyanawin (2005) collected
data from Thai adults reading a short story. They found
landing site distributions similar in shape but somewhat
attenuated in comparison to those for readers of English
or German, pointing to the possibility that oculomotor con-
trol in Thai is indeed word based. The current study repre-
sents the first attempt to study eye movements during
reading in Thai in a controlled experimental setting, thus
extending the empirical base of the field to accommodate
a new writing system with some unique properties (see
below). Specifically, our work examines the eye move-
ments of Thai–English bilinguals when reading both Thai
and English with and without interword spaces, and com-
pares their eye movements in English reading to those of
English monolinguals. Frequency of specific target words
in the sentences is also critically manipulated as word
frequency is considered to be a major determiner of the
ease or difficulty of word identification and lexical access
(Radach & Kennedy, 2004; Rayner, 1998). By manipulating
both the availability of space information and word fre-
quency, information can be gained about the effect of spac-
ing on word identification.

If interword spaces play a crucial role in reading, then
we can hypothesize that reading in Thai (as in English) will
be facilitated when interword spaces are present. On a gen-
eral level, overall reading rate should be faster in the



342 H. Winskel et al. / Journal of Memory and Language 61 (2009) 339–351
spaced condition than in the unspaced condition. Follow-
ing Rayner et al.’s (1998) study, we can assume that both
eye movement control and word identification may be af-
fected. More specifically, facilitation should manifest itself
in eye movement measures both in terms of spatial param-
eters such as initial fixation positions and in viewing dura-
tion measures such as gaze duration and total reading
time. In line with a large body of research, we can further
expect a frequency effect, i.e. high frequency words will be
read faster than low frequency words when reading both
Thai and English (Rayner, 1998). If the facilitation hypoth-
esis holds, and spatial segmentation is especially helpful
when reading low frequency words, then the word fre-
quency effect should be attenuated when spaces are
present.

Alternatively, based on the fact that reading without
spaces is the norm in Thai, and Thai adults have had exten-
sive prior and habitual experience of reading text without
interword spaces, we can predict that reading will be faster
in the normal unspaced mode than in the spaced mode.
Based on this argument, we can predict that insertion of
spaces will interfere or have a deleterious effect on word
identification, as well as eye movement control. An addi-
tional consideration is that there could be a selective
effect: spacing may facilitate both eye guidance and early
lexical decomposition by providing a strong visual cue by
which to segment words. However, as it is a highly unusual
text format in Thai it may also hinder readers’ abilities to
correctly compute the meaning of the word(s) in the sen-
tences. Alternatively, word identification may be facilitated
but eye movement control may be disrupted.

The design of the present study allows us to address a
further theoretically interesting issue. It is possible that
that there could be a positive transference of reading strat-
egies from the Thai reader’s first language to their second
language, English, so that removal of spaces from English
text would affect reading in the Thai–English bilinguals
less than in the English monolinguals due to Thais being
more experienced at reading text without interword
spaces. There is general consensus that transfer does occur
between writing systems, but what particular aspects of
the writing systems are transferred and whether transfer-
ence is positive or negative, is still much under debate
(Koda, 2007). Cross-language transfer in reading has been
defined as the ability to learn new reading skills in a sec-
ond language by drawing on previously learned reading
skills from the first language (Genesee, Geva, Dressler, &
Kamil, 2006). It is feasible that over a life time Thai adult
readers have developed a greater sensitivity for segmenta-
tion cues which could theoretically be transferred to
reading English text without spaces. Alternatively, as
Thai–English bilinguals have less experience and are less
proficient in English than the monolinguals, we may pre-
dict that the effects of the spacing and word frequency
manipulation will be more accentuated in the bilinguals
than the monolinguals when reading English. Based on this
argument, we can further expect this to be reflected in the
relationship between English language ability and eye
movement measures when reading English with spaced
and unspaced text.
To summarize, the present paper presents the first
experimental study involving eye movement analyses of
reading in Thai, an alphabetic language written with no
spaces between words. In addition to the specific goals
outlined above, this work also serves the more fundamen-
tal purpose of broadening the empirical base for the ongo-
ing debate on how the human mind masters the task of
reading, given the constraints imposed by different writing
systems (Radach & Kennedy, 2004; Radach, Reilly, & Inhoff,
2007; Rayner, 1998; Reichle & Laurent, 2006).

Method

Participants

Thirty-six Thai–English bilinguals/biscriptals were re-
cruited from Chulalongkorn University, Bangkok, Thailand
and tested at the Center for Research in Speech and Lan-
guage Processing (CRSLP). Thirty-six comparison monolin-
gual English speakers were recruited from the University of
Western Sydney, Australia. English language background
information and language ability was assessed using the
Word Comprehension Antonyms and Synonyms subtests
of the Woodcock Reading Mastery Tests-Revised (WRMT-
R: Woodcock, 1998). The Thai participants’ scores on this
assessment were: M = 26.03 (39% correct), SD = 6.29, range
18–50 and the monolingual English participants’ scores
were: M = 60.25 (90% correct), SD = 1.93, range 57–65. All
Thai participants were Thai native speakers/readers and
were sequential bilinguals, i.e. they had learned Thai prior
to learning English. The Thai participants’ experience with
English ranged from 9 to 20 years (M = 14 years). They first
started learning English when they attended either pre-
school or school in Thailand. The majority of the students
majored in languages or linguistics at university, and sev-
eral were postgraduate students. They were paid for par-
ticipation. The English participants were first year
Psychology students, who were monolingual speakers of
English. They participated in the study for course credit.
All participants had normal or corrected-to-normal vision,
and were naïve about the purpose of the experiment. Par-
ticipants ranged in age from 18 to 28 years.

Materials

In both Thai and English, 72 sentences were created
such that for each sentence both a high frequency and a
low frequency target word fit semantically and syntacti-
cally into the same sentence position (similar to the meth-
od used by Rayner et al., 1998). The sentences in the two
languages were not translations of one another. The target
words were all nominals (refer to Fig. 1) and were always
in medial position in the test sentences and never placed
in the first or final two words. The high frequency and
low frequency words were matched for length. Half of
the words were five letters in length and half were six let-
ters in length. Word frequencies were obtained from the
Thai one million word database (Luksaneeyanawin, 2004)
and English word frequencies were obtained from the CEL-
EX database (Baayen, Piepenbrock, & Gulikers, 1995). High



Fig. 1. Example of the test sentences used in Thai and English (target words are in bold).
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frequency Thai words ranged in frequency from 52 to 1822
words per million, M = 318 per million, whereas the low
frequency words were selected from the frequency range
of 2–52 words per million, M = 36 per million. High
frequency English words ranged from 54 to 827 words
per million, M = 131 per million and the low frequency
words were selected in the frequency range 1–10 per mil-
lion, M = 4 words per million. The different word frequency
selections reflect differences between the distribution
characteristics of the two languages. For the Thai sentences
interword spaces were inserted into the test sentences by
two Thai linguists, such that there was mutual agreement
on word segmentation in all sentences.

The sentences for each language were divided into
four lists. Each sentence frame appeared twice on a list,
once with spaces between the words and once without.
In each spacing condition, half of the target words were
high in frequency and half were low in frequency. Each
list contained 144 sentences with 36 sentences in each
of the four experimental conditions. The stimuli were
rotated across the lists in a Latin-square design. That is,
within a spacing condition, participants saw a particular
sentence frame with either the high frequency or the low
frequency target word, but not both. Furthermore, if a
particular sentence frame in one spacing condition con-
tained the high frequency target word, then in the other
spacing condition it contained the low frequency target
word. Therefore, each target word appeared only once
on a list.
Apparatus

The test stimuli were presented using the EyeLink II track-
ing system (SR Research Canada). The eye tracker is an infra-
red video based tracking system. It has two cameras for each
eye withtwoinfra-red LEDs for illuminating eacheye mounted
on a headband. The cameras sample pupil location at a rate of
250 Hz; equivalent to a temporal resolution of 4 ms. The eye
tracker monitored movements of the right eye, although
viewing was binocular. Participants were seated 61 cm away
from a computer screen and silently read single line sentences.
Sentences were displayed on a single line of the computer
screen in Courier 14 point (Thai) or 12 point (English) font.
Although the font size differed between the two languages,
the letter sizes were approximately equal. From a viewing dis-
tance of 61 cm from the computer screen, three letters occu-
pied approximately one degree of visual angle.

Procedure

At the beginning of the experiment, the eye-tracking
system was calibrated for the participant. Each trial started
with a fixation point on the left-hand side of the monitor,
the location of which coincided with the location of the
first letter in the sentence. The participant was instructed
to look at the fixation point and then the sentence was pre-
sented. Participants were instructed to read for compre-
hension and to press a response key as soon as they
finished reading the sentence. Sentence reading latencies
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were calculated from the appearance of the sentence on
the screen until the key press.

Each participant read 12 practice trials followed by 144
experimental trials. Sentences were presented in a fixed
random order. Comprehension was checked on approxi-
mately 10–15% of trials during the experiment by present-
ing participants with a question which could be answered
by yes or no. Accuracy was over 96%.

Thai–English bilinguals read sentences in both English
and Thai; the order of presentation was counterbalanced.
They were also given a background information question-
naire to complete and assessed for English reading and
vocabulary knowledge. Thai participants completed the
second list on a subsequent day. English monolinguals
completed only a list of English trials.
Results

Eye movement measures can give a picture of how word
processing unfolds over time, hence several processing mea-
sures were computed at the sentence and target word levels
(see Juhasz et al., 2005, for a discussion in the context of
spacing effects). For sentence level measures, total sentence
reading time and fixation count measures were computed.
At the target word level, first fixation duration, gaze dura-
tion, total viewing fixation duration, and first fixation land-
ing position served as dependent measures. First fixation
duration is the duration of the first fixation on the target
word, irrespective of other additional fixations occurring
on the target word. Gaze duration is the sum of all fixations
on the target region prior to moving to another word. Total
viewing fixation duration consisted of the cumulated fixa-
tion durations on the target word in the whole trial including
time spent re-reading the critical word. To determine
whether occulomotor control in Thai is word based, a further
dependent measure was initial landing position. Initial fixa-
tion landing position refers to the letter on which the eyes
initially land within the target word (see Inhoff & Radach,
1998; Radach & Kennedy, 2004; Rayner, 1998 for definitions
and discussions of oculomotor measures). Separate sets of
analyses were conducted on data from Thai participants
reading in Thai, Thai participants reading in English, and
English participants reading in English.

Sentence measures

In order to examine the effect of the spacing manipula-
tion on sentence reading, repeated measures analyses of
variance (ANOVAs) were performed on sentence reading
times and fixation counts using both participant (F1) and
item means (F2) as units of analysis (see Table 1 for means).
Table 1
Sentence reading measures for Thai–English bilinguals reading Thai and English,
standard deviations are in parentheses.

Thai–English bilinguals reading Thai Thai

Spaced Unspaced Spac

Sentence reading time (ms) 1834 (670) 1746 (648) 2133
Fixation count 9.27 (2.91) 8.62 (2.83) 10.2
Reading with and without interword spaces in Thai
Participants had longer sentence reading times when

reading spaced sentences in Thai than when reading
unspaced sentences, (F1(1, 35) = 4.03, p = .05, g2

p ¼ :103, F2

(1, 143) = 5.49, p < .05, g2
p ¼ :038, minF0(1, 93) = 2.32,

p = .13), and they made more fixations when reading spaced
sentences, (F1(1, 35) = 13.97, p < .01, g2

p ¼ :285, F2(1, 143) =
14.49, p < .01, g2

p ¼ :077, minF0(1, 110) = 7.11, p < .01). There
was a 5% decrement in reading rate when spaces were intro-
duced into the text. Reading times may have been longer in
the spaced condition because the sentences were 12.8% long-
er than in the unspaced condition.

Thai–English bilinguals reading with and without interword
spaces in English

The Thai participants had longer sentence reading times
when reading unspaced sentences in English than when
reading spaced sentences, (F1(1, 35) = 145.90, p < .001,
g2

p ¼ :807, F2(1, 143) = 496.10, p < .001, g2
p ¼ :780, minF0(1,

57) = 112.70, p < .001), and they made more fixations when
reading unspaced sentences, (F1(1, 35) = 298.75, p < .001,
g2

p ¼ :681, F2(1, 143) = 211.78, p < .001, g2
p ¼ :602,

minF0(1, 137) = 123.92, p < .001). There was a 45% decre-
ment in reading rate in the unspaced condition.

Monolinguals reading with and without interword spaces in
English

The English monolingual participants had longer sen-
tence reading times when reading unspaced sentences in
English than when reading spaced sentences,
(F1(1, 35) = 147.01, p < .001, g2

p ¼ :808, F2(1, 143) = 409.85,
p < .001, g2

p ¼ :745, minF0(1, 63) = 108.19, p < .001), and they
made more fixations when reading unspaced sentences,
(F1(1, 35) = 72.21, p < .001, g2

p ¼ :674, F2(1, 143) = 211.78,
p < .001, g2

p ¼ :602, minF0(1, 61) = 53.85, p < .001). There
was an average of 33% decrement in reading rate in the un-
spaced condition. A repeated measures analysis of variance
was conducted to examine the effect of spacing on biling-
uals’ in comparison with monolinguals’ reading rates.
Language group (bilinguals and monolinguals) was a be-
tween-participants factor. There was a significant interac-
tion effect between language group and spacing,
(F1(1, 70) = 23.81, p < .001, g2

p ¼ :254) indicating that delet-
ing spaces in English sentences had a larger impact on the
reading speed of Thai compared to English participants.

Target word measures

Data were excluded from trials on which the first fixa-
tion duration was less than 80 ms, since short fixations
do not seem to reflect cognitive processing of the target
word (Lee, Rayner, & Pollatsek, 2001; Rayner, 1998), and
and monolinguals reading English (means and standard deviations). Only

–English bilinguals reading English Monolinguals reading English

ed Unspaced Spaced Unspaced

(688) 3887 (1742) 1827 (657) 2730 (1173)
5 (2.88) 15.05 (5.86) 9.00 (2.48) 11.66 (4.34)
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if the target word was skipped or there was tracking loss.
This resulted in the removal of 13% of Thai–English biling-
uals’ Thai data, 8% of their English data, and 13% of the data
from English monolinguals.

For each of the target word measures, 2 (spacing) � 2
(frequency) ANOVAs were conducted. Spacing and fre-
quency were repeated measures in the analyses by partic-
ipants. Spacing was also a repeated measure in the
analyses by items, whereas frequency was a between-
items variable. See Table 2 for the means for each of the
three language conditions.

Thai–English bilinguals reading with and without interword
spaces in Thai

A significant effect of spacing was not found for first fix-
ation duration, (Fs < 1). However, readers’ gaze durations
and total fixation durations were longer on the target
words in the unspaced than spaced sentences (gaze dura-
tion F1(1, 35) = 18.41, p < .001, g2

p ¼ :345, F2(1, 143) =
10.59, p < .01, g2

p ¼ :070, minF0(1, 151) = 6.72, p < .05, total
fixation duration F1(1, 35) = 23.91, p < .001, g2

p ¼ :406,
F2(1, 143) = 10.65, p < .01, g2

p ¼ :071, minF0(1, 165) = 7.37,
p < .01). In addition, readers’ fixation durations were longer
on low frequency words than on high frequency words,
(first fixation duration F1(1, 35) = 8.74, p < .01, g2

p ¼ :200,
F2(1, 143) = 5.12, p < .05, g2

p ¼ :035, minF0(1, 150) = 3.23,
p < .05, gaze duration F1(1, 35) = 29.44, p < .001, g2

p ¼ :457,
F2(1, 143) = 12.01, p < .01, g2

p ¼ :079, minF0(1, 169) = 8.53,
p < .01), and total fixation duration F1(1, 35) = 38.18, p <
.001, g2

p ¼ :522, F2(1, 143) = 13.36, p < .01, g2
p ¼ :087,

minF0(1, 174) = 9.90, p < .01). There was no interaction
effect between spacing and word frequency for the fixation
durations, first fixation duration (Fs < 1), gaze duration
(F1(1, 35) = 1.86, ns, F2(1, 143) = 1.05, ns), and total fixation
duration (F1(1, 35) = 2.07, ns, F2 < 1).

The facilitatory effect for spacing observed on target
word data was in contrast to the slower sentence reading
time found for spaced compared to unspaced text. One
possible reason for this opposite pattern of results is that
words are skipped more in the unspaced text. As reported
previously, there were significantly fewer fixations on un-
spaced than spaced sentences. The mean skipping rate
across entire sentences in each condition is not readily
available because only target word boundaries were iden-
tified in the data files. However, the mean skipping rate for
target words in the unspaced sentences (.12) was signifi-
cantly higher than for target words in the spaced sentences
(.09) in the items analysis (t1(36) = 1.95, p = .06,
t2(142) = 2.44, p < .05). Closer examination of individual
participants’ sentence reading measures revealed that
there are striking interindividual differences of spacing
on reading. Fifteen participants had significantly longer
reading times and a corresponding greater number of fixa-
tions when reading spaced sentences (reading time M =
1871 ms SD = 594, fixation count M = 9.21 SD = 2.32) than
unspaced sentences (reading time M = 1586 ms SD = 506,
fixation count M = 7.80 SD = 1.88), for 15 participants there
was no significant difference when reading spaced (read-
ing time M = 1839 ms SD = 435, fixation count M = 9.63
SD = 1.85) or unspaced (reading time M = 1836 ms
SD = 414, fixation count M = 9.29 SD = 1.80) sentences,
and six participants had significantly longer reading times
and a greater number of fixations when reading unspaced
sentences (reading time M = 1948 ms SD = 642, fixation
count M = 9.03 SD = 2.22) than spaced sentences (reading
time M = 1737 ms SD = 592, fixation count M = 8.47
SD = 2.08).

Thai–English bilinguals reading with and without interword
spaces in English

Readers’ fixation durations were longer on the target words
in the unspaced than spaced sentences (first fixation duration
F1(1, 35) = 171.87, p < .001, g2

p ¼ :831, F2(1, 143) = 170.11,
p < .001, g2

p ¼ :549, minF0(1, 113) = 85.49, p < .001, gaze dura-
tion F1(1, 35) = 298.22, p < .001, g2

p ¼ :895, F2(1, 143) =
344.17, p < .001, g2

p ¼ :711, minF0(1, 103) = 159.77, p < .001,
and total fixation duration F1(1, 35) = 321.44, p < .001, g2

p ¼
:902, F2(1, 143) = 341.50, p < .001, g2

p ¼ :709, minF0(1, 108) =
165.58, p < .001). In addition, readers’ fixation durations were
longer on low frequency words than on high frequency words,
(first fixation duration F1(1, 35) = 16.43, p < .001, g2

p ¼ :320,
F2(1, 143) = 13.32, p < .001, g2

p ¼ :087, minF0(1, 127) = 7.36,
p < .01, gaze duration F1(1, 35) = 43.49, p < .001, g2

p ¼ :554,
F2(1, 143) = 32.84, p < .001, g2

p ¼ :190, minF0(1, 132) = 18.71,
p < .001, and total fixation duration F1(1, 35) = 51.83,
p < .001, g2

p ¼ :597, F2(1, 143) = 36.21, p < .001, g2
p ¼ :205,

minF0(1, 138) = 21.31, p < .001). There was a marginal interac-
tion effect between spacing and word frequency for total fixa-
tion duration for the participant analysis (F1(1, 35) = 3.95,
p = .055, g2

p ¼ :101, F2(1, 143) = 2.80, ns), but not for first fixa-
tion duration or gaze duration (Fs < 1). As can be seen in Table
2, for total fixation durations the frequency effect was larger in
the unspaced condition compared to the spaced condition.
Monolinguals reading with and without interword spaces in
English

Readers’ fixation durations were longer on the target words
in the unspaced than spaced sentences (first fixation duration
F1(1, 35) = 92.40, p < .001, g2

p ¼ :725, F2(1, 143) = 146.70,
p < .001, g2

p ¼ :512, minF0(1, 85) = 56.69, p < .001, gaze dura-
tion F1(1, 35) = 231.75, p < .001, g2

p ¼ :869, F2(1, 143) =
219.49, p < .001, g2

p ¼ :611, minF0(1, 116) = 112.72, p < .001,
and total fixation duration F1(1, 35) = 255.57, p < .001, g2

p ¼
:880, F2(1, 143) = 215.06, p < .001, g2

p ¼ :606, minF0(1, 125) =
116.78, p < .001). In addition, readers’ fixation durations were
longer on low frequency words than on high frequency words,
(first fixation duration F1(1, 35) = 11.58, p < .01, g2

p ¼ :249,
F2(1, 143) = 9.07, p < .01, g2

p ¼ :061, minF0(1, 130) = 5.09,
p < .05, gaze duration F1(1, 35) = 11.61, p < .001, g2

p ¼ :249, F2

(1, 143) = 10.51, p < .01, g2
p ¼ :070, minF0(1, 119) = 5.52,

p < .05, and total fixation duration F1(1, 35) = 12.64, p < .001,
g2

p ¼ :265, F2(1, 143) = 12.19, p < .01, g2
p ¼ :080, min-

F0(1, 115) = 6.21, p < .05). There was a slight indication of an
interaction effect for gaze duration for the participant analysis
(F1(1, 35) = 2.98, p = .093, g2

p ¼ :078, F2(1, 143) = 1.28, ns), but
not for first fixation duration or total fixation duration (Fs < 1).
Initial landing position on target words

In order to examine the effects of spacing and frequency
on oculomotor control, initial first fixation landing position
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patterns were examined when reading Thai and when
reading English.

Reading Thai with and without interword spaces
The mean first fixation landing position on target words

was not influenced by whether the words appeared in
spaced or unspaced sentences, (Fs < 1) (see Table 3). There
was also no significant effect of target word frequency,
(Fs < 1). Mean first fixation landing position in both the
spaced and unspaced condition was just left of center of
the word (approximately 0.3 of a letter).

Fig. 2a shows the distribution of the initial landing posi-
tions on the target words during sentence reading. To
allow for comparisons across different word lengths (five
and six letter words), the data are presented relative to
the center of the word (e.g. letter 3 in a 5-letter word
and letter position 3.5 in a 6-letter word). The landing dis-
tributions for reading spaced and unspaced text in Thai
display similar profiles. These results indicate that eye
guidance and lexical segmentation are neither facilitated
nor disrupted by the insertion of spaces into Thai text.

Reading English with and without interword spaces
In order to compare initial landing positions in the

bilinguals and monolinguals when reading spaced and un-
spaced text in English, a mixed repeated measures analysis
of variance (ANOVA) with language group (monolinguals,
bilinguals) as a between-participants factor and spacing
(with, without) and frequency (high, low) as within-partic-
ipant factors was conducted. There was a significant effect
of language group, (F(1, 70) = 4.46, p < .05, g2

p ¼ :060). The
monolinguals had initial landing positions closer to the
mid-word position than the bilinguals. There was a signif-
icant effect of spacing, (F(1, 70) = 89.92, p < .001, g2

p ¼
:562), as in the spaced condition initial landing positions
were closer to mid-word position than in the unspaced
condition. There was a significant interaction of language
group by spacing, (F(1, 70) = 26.06, p < .001, g2

p ¼ :271). In
the spaced condition, the landing position was just left of
the center position of the word (approximately 0.3 of a let-
ter) for both language groups, which corresponds to the
PVL. In the unspaced condition, the landing position was
closer to the word beginning in the bilinguals (approxi-
mately 0.9 of a letter away from mid-word position) and
to a lesser extent in the monolinguals (approximately 0.5
of a letter from mid-word position). There was no effect
of frequency, (F < 1). However, there was a significant
interaction of language group by frequency, (F(1, 70) =
8.18, p < .01, g2

p ¼ :105). In the bilinguals, landing position
was closer to the beginning in low frequency target words
than in high frequency words (t(35) = 2.71, p = .01),
whereas in monolinguals, frequency had no impact on
landing position (t(35) = �1.10, ns).

The distributions of initial landing positions on target
words are presented in Fig. 2b (Thai–English bilinguals)
and Fig. 2c (English monolinguals). Similar trends are re-
flected in the initial landing site distributions of the biling-
uals and monolinguals, as initial landing position is closer
to the word beginning in the unspaced condition than in
the spaced condition. This is more accentuated in the bil-
inguals than monolinguals.



Table 3
Mean initial landing positions for the Thai–English bilinguals (reading Thai and English) and the English monolinguals for spaced and unspaced text with high
frequency (HF) and low frequency (LF) target words (initial landing position is given as distance from mid-word position (OVP) in tenths of a letter).

Thai–English bilinguals reading Thai Thai–English bilinguals reading English English monolinguals reading English

HF LF HF LF HF LF

Spaced �.34 (.03) �.40 (.03) �.28 (.03) �.46 (.04) �.45 (.04) �.41 (.04)
Unspaced �.34 (.04) �.29 (.03) �.82 (.03) �.93 (.03) �.59 (.04) �.53 (.04)

Fig. 2. Percentage of first fixations landing at each of five letter positions when reading spaced and unspaced Thai and English sentances.
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In sum, the monolinguals and bilinguals display similar
landing site distribution profiles when reading English text
with and without spaces. Both the monolinguals and bil-
inguals when reading English have a tendency to land clo-
ser to the word beginning in the unspaced than spaced
conditions. However, reading is more disrupted by the re-
moval of spaces in the bilinguals than the monolinguals.

Relationship between English ability and eye movement
measures

It was expected that the reading measures would be
influenced by English language ability. In order to ascertain
if there was a relationship between the eye movement mea-
sures and English language ability, a series of Pearson’s prod-
uct moment correlations were conducted between English
language ability and the target word eye movement mea-
sures when reading English in the Thai–English bilinguals.
As the English monolinguals reached ceiling on the English
language ability assessment, their data were not included
in this analysis. In the Thai–English bilinguals, there were
significant positive correlations between English language
ability and initial landing position in the spaced condition
r(35) = .423, p < .05, and with initial landing position in
low frequency words r(35) = .373, p < .05. These results sug-
gest that higher English language ability is associated with
initial landing positions nearer to the middle of the word,
equivalent to the PVL or OVP in spaced text, and nearer
mid-position in low frequency target words.

In addition, there were significant negative correlations
between English language ability and gaze duration for
low frequency target words, r(35) = �.343, p < .05, and Eng-
lish language ability and total fixation duration for spaced
and unspaced conditions (r(35) = �.349, p < .05; r(35) =
�.345, p < .05, respectively), and for high frequency and
low frequency target words (r(35) = �.389, p < .05; r(35) =
�.382, p < .05, respectively). This indicates that lower Eng-
lish language ability is associated with longer gaze durations
for low frequency words and longer total fixation durations.
No other eye movement measures had a significant correla-
tion with English language ability.
Discussion

In the current study, we investigated the function of
interword spaces in reading in both Thai (which normally
does not have interword spaces) and English (which does
have interword spaces). Based on previous research, pre-
dominantly on Roman script, it is generally assumed that
interword spaces serve a common facilitatory function be-
cause when spaces are removed eye movement control
and word identification are substantially disrupted (Morris
et al., 1990; Rayner et al., 1998; Spragins et al., 1976). Re-
sults from the English monolinguals confirm this conclu-
sion. Interestingly, we observed here that adding spaces
between Thai words shortened reading times on target
words, even though Thai script does not naturally include
such spaces. Several of our findings suggest that spacing
facilitates later word processing rather than word targeting
or early lexical segmentation. The effect of spacing on fix-
ation durations was observed for measures that included
refixations (gaze duration and total fixation time), but
not for first fixation duration. Furthermore, first fixation
landing positions and landing site distributions were not
influenced by spacing. First fixation landing position in
both the spaced and unspaced condition was just left of
word center or the OVP. These results in conjunction with
the lack of difference found for initial fixation duration,
suggest that word targeting and early lexical segmentation
is not facilitated (or disrupted) by the insertion of inter-
word spaces, although later word processing including lex-
ical access is substantially facilitated. As the initial position
was just left of mid-word position on the target word, sim-
ilar to what typically occurs in Roman script, these results
also confirm Reilly et al. (2005) pilot work, suggesting that
occulomotor control in reading in Thai is word based.

Frequency of specific target words in the sentences was
also manipulated as word frequency is considered to be a
major determiner of the ease or difficulty of word identifi-
cation and lexical access (Radach & Kennedy, 2004; Rayner,
1998). An across the board word frequency effect was
found. We also expected the frequency effect to be attenu-
ated in the spaced compared to the unspaced condition.
For Thai, there was no effect. For reading English, there
was only a marginal interaction effect for total fixation
for the bilinguals, and only a slight indication of an interac-
tion effect for gaze duration for the monolinguals. Rayner
et al. (1998) also only found a marginal interaction effect
for gaze duration in Experiment 1 with similar manipula-
tions as in the current study. These results give only weak
support to the proposition that lexical access is facilitated
by interword spaces. However, the gaze duration and total
fixation duration measures do give support, and are con-
sidered reliable time course processing measures and indi-
cators of later lexical access (Inhoff et al., 2000; Juhasz
et al., 2005).

The question arises as to why we did not find an advan-
tage of spacing for parameters at the sentence level. In fact,
there was a slight (marginally significant) increase in over-
all sentence reading time together with a significantly lar-
ger overall number of fixations on the line of text in the
spaced than the spaced condition. When Thai text is seg-
mented, the constituents may become visually distinct tar-
gets that attract fixations, irrespective of an advantage for
word recognition (Inhoff & Radach, 2002). This hypothesis
is also supported by the fact that skipping rate was higher
for target words in the normal unspaced format than the
spaced format. An additional consideration is that in the
spaced condition the sentences were 12.8% longer than in
the unspaced condition, which could also affect the global
reading measures.

Bai et al. (2008) proposed that two opposing forces,
facilitation of word processing and the detrimental effect
on reading of the unfamiliar visual text format are at play
when Chinese text is segmented, leading to approximately
equal global reading rates in both spaced and unspaced
conditions. In both Thai and Chinese, it can be assumed
that reading skill and practice changes the balance be-
tween word processing benefit and visuomotor cost to
word spacing. Quite striking individual differences in the
effect of spacing on global reading measures were found
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between Thai participants. Some participants’ global read-
ing measures were deleteriously affected by the unusual
spaced format (42%), yet the reading of other participants
was either facilitated (16%) or not affected (42%). Clearly,
a more detailed examination of interindividual differences
when reading Thai segmented text is required. We need to
examine the effects of reading skill and practice on local
and global reading measures in future research.

The results found for Thai have some similarities to re-
sults when reading mixed Hiragana–Kanji script with
interword spaces inserted (Sainio et al. 2007). Results on
reading Hiragana-only script were similar to English, as
spaces facilitated both eye guidance and word identifica-
tion. However, for the mixed Kanji–Hiragana text, Sainio
et al. (2007) found a tendency for spaced text to be read
slower than unspaced text, although this difference did
not reach significance. In addition, similar to Thai, initial
saccade landing positions for Kanji–Hiragana were not af-
fected by spacing, although the PVL for the two languages
was not the same. In the Japanese study, the PVL was found
to be at the word beginning, which is typically occupied by
a perceptually salient Kanji character, whereas the PVL for
Thai was observed here to be just left of mid-word
position.

In conclusion, the notion that interword spaces have a
common facilitatory function is given qualified support
by the Thai data reported in this study. Interword spaces
have a selective facilitatory effect on reading in Thai, as
word processing is facilitated, but eye guidance (word tar-
geting and lexical segmentation) is not facilitated (or dis-
rupted) by insertion of interword spaces. This main result
is of general importance in the context of the ongoing the-
oretical debate on the nature of information processing
during reading. When text is presented with visual seg-
mentation cues like spaces, the boundaries of letter clus-
ters forming lexical entities are clearly demarcated, thus
providing a starting point for early word processing. In
contrast, when an alphabetic writing system provides no
spatial segmentation cues, determining the extent of the
letter cluster forming a word becomes part and parcel (as
opposed to a precondition) of initial word processing. Thus,
although the general goal of reading, forming a mental rep-
resentation of text, remains the same, the nature and order
of processing operations necessary to attain this goal are
substantially different. This is an important insight that
needs to be taken into account in the future generation
of computational models of continuous reading that aim
to accommodate non-Roman writing systems (see Radach
et al., 2007, for a review on such models).

Results for reading English concur with previous re-
search (e.g. Rayner et al., 1998), as the removal of spaces
severely disrupted reading in both the bilinguals and mon-
olinguals. In the bilinguals, the removal of interword
spaces had a larger effect on reading than in the monoling-
uals. First fixation duration and the refixation measures
(gaze duration and total fixation duration) were deleteri-
ously affected. The removal of interword spaces was more
deleterious to the reading of low frequency words than
high frequency words indicating that lack of spaces inter-
feres with later word processing (Rayner et al., 1998). Vis-
uomotor control was also disrupted as indicated by
substantial changes in the spatial distribution of incoming
saccades over target words. Both the monolinguals and bil-
inguals had a tendency to land closer to the word begin-
ning in the unspaced than spaced condition. This effect
was more pronounced in the bilinguals than the monoling-
uals, in particular for low frequency words. Furthermore, in
the more proficient bilingual participants, there was a ten-
dency to land nearer the PVL, particularly for low fre-
quency target words. These results provide support for
the suggestion that greater difficulty in processing words
is associated with initial landing positions closer to the
word beginning (Rayner et al., 1998). This account is in
harmony with work showing that the orthographic famil-
iarity of word beginnings has a small but significant effect
on the initial landing position when reading in spatially
segmented Roman script (e.g. Hyönä, 1995). As an exam-
ple, Radach, Inhoff, and Heller (2004) employed a three le-
vel variation of orthographic regularity in German
sentence reading to show that initial saccades are gradu-
ally more shifted to the right when moving towards more
familiar initial letter clusters.

The Thai–English bilinguals’ reading of the English sen-
tences was more severely affected by removal of spaces
than the monolinguals. There was a 45% decrement in
reading rate in the bilinguals, but only 33% decrement in
reading rate in the monolinguals. Hence, the prediction
that there would be a positive transference effect when
reading English due to their life time experience of reading
Thai without spaces was not supported. It appears that lan-
guage ability in the specific language being read affects
performance more than prior experience with an unrelated
orthography. Languages with different writing systems re-
quire different underlying processes, which sets limits on
the transferability of such skills. Recent research using
neuroimaging techniques indicates that in Chinese–Eng-
lish bilinguals there are shared regions as well as ortho-
graphic-specific regions of the brain activated when
reading the two distinct orthographies (Perfetti et al.,
2007). This may also be the case for Thai–English
bilinguals.

In both Thai and English when reading unspaced text,
readers must use other information than spaces to delin-
eate word boundaries in the parafovea prior to word fixa-
tion. Experienced Thai readers are much more effective in
solving this problem when they read in Thai than were
either group of participants when they read in English. This
is presumably due to unspaced text being the norm and
having had a life time of experience reading text without
spaces in Thai. At this point it is intriguing to speculate
about the nature of the information used by Thai readers
to delineate word boundaries in the absence of spacing.
The fact that landing site distributions do not differ be-
tween spaced and unspaced text suggests that word seg-
mentation is fast enough to mediate the programming of
the initial saccade into a parafoveal target word. Thus, it
appears likely that a relatively slow default mechanism
of left to right scanning and lexical analysis can be acceler-
ated with more immediate cues to segmentation (Bertram
& Hyönä, 2003).

On a general level, an obvious candidate as a segmenta-
tion cue is the ‘diagnosticity’ of letter combinations (such
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as bigrams). In the case of Thai, Reilly et al. (2005) deter-
mined for their 2300 word text corpus the frequency that
letters occurred at the beginning and end of words. They
found that out of 74 characters, 10 accounted for an
impressive 76.7% of all word end positions with the first
three representing 44%. The corresponding numbers for
word beginnings were 54.2% and 29.3%. This is quite
encouraging in relation to future detailed analyses of sta-
tistical properties of letter combinations at word bound-
aries in Thai. Even more intriguing is the possibility that
readers may acquire knowledge about language-specific
word segmentation cues. An excellent example is the re-
cent analysis of vowel quality properties at morpheme
boundaries in Finnish, which has uncovered an intricate
set of language-specific rules guiding the fast parsing of
compounds (Bertram, Pollatsek, & Hyönä, 2004). In Thai,
potential language-specific candidates for word or syllable
segmentation are, for example, the vowels that occur prior
to the consonant at the beginning of the syllable (e.g.
written as /o:rk/ but spoken as /ro:k/ disease), as they pos-
sibly form salient syllabic segmentation cues to the reader.
In addition, tone markers that occur above the syllable or
lexeme (e.g. /na:2ta:N1/ window whereby 2 = a falling
tone and 1 = a low tone) may form effective segmentation
cues to the skilled reader. Support for this idea comes from
the finding that when the tone markers for a target word
were viewed in the parafovea prior to fixating that word,
subsequent fixation durations on the target word were
shorter (Winskel, under review).

When reading unspaced English the PVL was shifted
closer to the word beginning, so the mechanism readers
are using to segment text is not as effective as when read-
ing normal unspaced Thai. However, this might theoreti-
cally be improved with practice at reading English
without spaces, and there could be a corresponding shift
towards the PVL. The fact that English monolinguals did
not have the PVL shifted to the word beginning as much
as the bilinguals when reading unspaced text, suggests
that proficiency in the language is an important factor in
recognizing word boundary cues and segmenting text
without spaces.
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