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Studies have revealed that consonants and vowels serve different roles during linguistic processing.
Masked transposed-letter priming effects (i.e., faster word-identification times for words preceded by a
transposed-letter than substitution-letter prime) occur for consonants but not for vowels in lexical
decision (Perea & Lupker, 2004). Potential differences in letter position coding for consonants and
vowels during silent normal reading were investigated in Thai using the boundary paradigm (Rayner,
1975). Thai has a distinctive alphabetic script with vowels taking a relatively subsidiary role in relation to
consonants. Parafoveal processing of nonadjacent transposed-letter effects involving consonants and
vowels was examined. Results for gaze durations revealed a transposition effect involving consonants but
not vowels—thus extending previous findings with the masked priming technique but in a more
ecological setting. Similar differential effects for consonants and vowels for first and single fixations were
not found. An explanation is that consonants and vowels are not differentiated at this initial low level
stage of processing (Johnson, 2007; Perea & Acha, 2009); it is only later in processing (as measured by
gaze durations) that consonant/vowel status comes into play. Results support the claim that there are

some fundamental processing asymmetries between vowels and consonants in normal reading.

Keywords: Boundary paradigm; Letter coding; Thai; Transposed letters; Visual-word recognition.

Recent research has revealed that consonants and
vowels serve different roles during the processing
of linguistic information, and this is so even at the
early stages of language acquisition (e.g., see Pons
& Toro, 2010, for evidence with 11-month-old
infants). There is some debate as to whether these
processing asymmetries also occur in visual-word
recognition and reading. The favoured view is that
consonants play a more critical role than vowels in
the early stages of visual-word recognition (e.g.,

New, Aratjo, & Nazzi, 2008). In an influential
study, Berent and Perfetti (1995) found that a
target word (e.g., rake) was better identified when
followed by a consonant-preserving nonword
mask (e.g., RIKK) than when followed by a
vowel-preserving nonword mask (e.g., RAIB) at
very short exposure durations of targets and masks.
From this empirical evidence at the behavioural
level, they proposed that, at the level of letter
identities, consonants and vowels are processed in
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separate cycles during visual-word recognition,
with the assembly of consonants finishing before
the assembly of vowels. Additional support for the
view that vowels and consonants are processed
differently comes from fMRI and ERP studies.
Carreiras and Price (2008) using fMRI in lexical
decision and naming tasks found that pseudowords
created by replacing two vowels (CHOCALITE
[base word: CHOCOLATE)]) and two consonants
(CHOTONATE) activated different regions of the
brain. Moreover, Carreiras, Gillon-Dowens, Ver-
gara, and Perea (2009) recorded ERP waves while
participants read words in which either two non-
adjacent vowels or nonadjacent consonants were
delayed for 50 ms (e.g.,, CHOC L TE-CHOCO-
LATE and CHO O ATE-CHOCOLATE). They
found early differences (P150 and N250 compo-
nents) between the baseline (nondelay) condition
and the condition in which two consonants were
delayed, whereas this difference did not occur for
the condition in which two vowels were delayed
(i.e., CHOC L TE-CHOCOLATE behaved like
CHOCOLATE-CHOCOLATE). Carreiras and
colleagues concluded that consonants play a
more influential role than vowels in the initial
stages of visual-word recognition. Further support
for differences in the temporal processing of
consonants and vowels comes from eye movement
studies during normal reading (Lee, Rayner, &
Pollatsek, 2001, 2002). Lee et al. (2001) using a
delayed letter paradigm, found a temporal differ-
ence between the contribution that consonants and
vowels make with consonants playing a more
prominent role at an early stage of reading. Indeed,
it has been suggested that there is a distinct
difference between the processing of vowels and
consonants and that orthographic representations
convey not only information about letter identity
but also information distinguishing between con-
sonant and vowel status (e.g., Berent, Bouissa, &
Tuller, 2001; Tainturier & Caramazza, 1996).
However, consonant/vowel status has not yet
been implemented in computational models
of visual-word recognition (see Davis, 2011; New
et al., 2008).

Further insights into the role of consonants and
vowels in visual-word recognition have emerged at
the level of letter position coding. Research on
transposed-letter effects has shown differential
effects of consonants versus vowels, in particular
when combined with the masked priming techni-
que (i.e., a paradigm that taps into early proces-
sing; Forster & Davis, 1984). More specifically,
transposed-letter priming effects (i.e., an advan-

tage for the transposition relative to the substitu-
tion conditions) have been found for consonants
(i.e., caniso-CASINO faster than carivo-CASINO)
but not for vowels (i.e., similar response times for
anamil-ANIMAL and anomel-ANIMAL) in
masked priming lexical decision experiments (see
Perea & Lupker, 2004, and Lupker, Perea, &
Davis, 2008, for evidence in Spanish and English,
respectively; see also Carreiras, Vergara, & Perea,
2009, for a replication with ERP waves). Similarly,
experiments on relative position priming have
revealed consonant-only primes (e.g., csn-
CASINO) produce greater priming effects than
vowel-only primes (aio-CASINO) (Dunabeitia &
Carreiras, 2011; see also Carreiras, Dufabeitia, &
Molinaro, 2009, for ERP evidence). As Lupker
et al. (2008) discussed, the front-end of current
(implemented) models of visual-word recognition
do not assign any special role to consonants, and,
hence, they predict similar priming effects for
consonants and vowels in letter position coding.
One important issue that needs additional
experimentation is whether consonant/vowel dif-
ferences in letter position coding are restricted to
laboratory word identification tasks or whether
they can be extended to a more ecological setting:
normal reading. One excellent strategy to exam-
ine early effects during normal reading is employ-
ing the boundary technique (Rayner, 1975). The
boundary paradigm involves rapidly changing a
preview word or stimulus to the target word when
the eyes cross an invisible boundary (see Figure 1).
The word change occurs rapidly during the
saccade, so that readers are largely unaware of
the change, and in general cannot identify the
preview word or nonword that they had actually
begun to process parafoveally. Previous evidence
concerning parafoveal processing of transposed-
letter effects of consonants and vowels is very

*1

TL preview Last year Teacher Priap gave menoy with a low interest rate to
farmers.
I *
Target word Last year Teacher Priap gave money with a low interest rate to
farmers.
* 1
TL preview Iudngulduuianaddiuunineasnsludnsinaniiosii

I * .
Target word  TudegulsauTidganadivuainyansnsludnsinanidusin

Figure 1. An illustration of the boundary paradigm for
English and for Thai. The fixation point is depicted by an
asterisk (*). The invisible boundary that triggers the display
change is marked with a vertical bar (I). The target and
preview words are in bold.
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scarce. Using the boundary paradigm, Johnson
(2007) employed nonadjacent consonant-conso-
nant transpositions (and their replacement-letter
controls; e.g., fosert-forest vs. fonewt-forest) and
vowel-vowel transpositions (and their replace-
ment-letter controls; e.g., flewor-flower vs. fla-
wur-flower), using a design similar to the Perea
and Lupker (2004; Lupker et al., 2008) masked
priming experiments. Johnson found that reading
times for both types of transpositions were com-
parable. To explain the similar transposed-letter
effects obtained with consonants and vowels in
eye movements but not in masked priming lexical
decision, Johnson indicated that the lack of
differential processing between vowels and con-
sonants in her experiment was due to the very low
level of visual-word processing that takes place in
the parafovea. This low level processing would
precede the differentiation of letters into vowels
and consonants and the mapping of letters to
sounds. This may be indeed the case for the very
early measures of eye movements, such as the
duration of the first fixation on a given word—
and to some degree with single-fixation durations
(although this measure may be a better measure
of lexical access). However, gaze durations (i.e.,
the sum of all fixation durations on a word
before leaving it) may reflect more closely the
underlying processes that tap the most common
word identification tasks than first fixation dura-
tions (e.g., see Rayner, 1998). Importantly, the
Johnson data reflected that, for gaze durations,
the transposed-letter effect (i.e., the advantage in
fixation duration for the transposed-letter condi-
tion over the substitution-letter condition) was
nearly twice for consonants (17 ms) than for
vowels (9 ms), and indeed, post hoc analyses
revealed that the 17 ms effect for consonant
transpositions was marginally significant. Power
analyses of the critical interaction were not
included in the Johnson study, and it may have
been the case that the Johnson experiment was
not powerful enough to detect a consonant/vowel
interaction for gaze durations.

The aim of the current study is to extend this
line of research by examining the role of con-
sonants and vowels during silent normal reading
in Thai. Similar to Johnson (2007), we employed
the boundary paradigm (Rayner, 1975) and ex-
amined parafoveal processing of nonadjacent
transposed-letter effects involving consonants
versus vowels. Thai makes an interesting compar-
ison with Roman script, as it has a distinctive
alphabetic script. Consonants are always written
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in a linear order, but vowels can be written
linearly and nonlinearly above, below, or to either
side of the consonant as letters or diacritics or as
inherent vowels whereby they are not explicitly
orthographically represented, similar in this re-
spect to unpointed Hebrew (e.g., aaa /tla:t/ is
spoken as /t(a)la:t/ “market”, the inherent vowel
is in brackets). Thus, consonants have more of an
anchoring role in relation to vowels. Based on
the minimality principle (Frost, 1998), the notion
that representation used for early lexical access
contains the minimal amount of information that
is necessary to activate a unique lexical item, we
can predict that consonant information in Thai is
going to play a more critical role than vowels in
visual-word recognition. Based on this, in con-
junction with previous research on processing
asymmetries between consonants and vowels,
we can expect to find greater transposition
effects for consonants than for vowels in Thai,
at least for gaze duration—which is a better
index of word identification than first-fixation
duration.

METHOD
Participants

The 33 participants were all Thai native speakers,
either students or staff based at Chulalongkorn
University. They participated in the experiment
for payment. The participants were aged between
18 to 38 years old. All participants had normal or
corrected vision.

Apparatus

Eye movements were recorded using the Eyelink
1000 (SR Research Ltd, Canada), a video-based
eyetracking device with cameras that sample
pupil location at a rate of 1000 Hz for monocular
viewing. The movements of the right eye only
were monitored, even though viewing was bino-
cular. The monitor used to display the sentences
was a 21-inch ViewSonic P227f with a refresh rate
of 160 Hz. The sampling rate of the eye tracker
resulted in display changes occurring within 9 ms.
Participants were seated 78 cm from the monitor.
Three letters approximately subtended 1° of
visual angle.
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Stimuli

The 60 experimental stimuli consisted of five-letter
words embedded in normal unspaced sentences. In
Thai, five-letter words are common. The mean
word length in Thai calculated using the National
Thai Word Database (Aroonmanakun, 2007) is
4.47 (§D=2.19). In general, there is a high degree
of consistency in mapping between phonemes and
graphemes in Thai; however, there are multi-
grapheme to phoneme correspondences for some
consonants (e.g., /s/ can be orthographically repre-
sented as # = v, or «. In Thai there are 44 consonants
and 32 vowels and vowel complexes. The ratio of
vowels to consonants in Thai is 1:1.6 (Aroonma-
nakun, 2007). There are five misaligned vowels
that occur orthographically prior to the consonant
they phonologically follow and five vowels that
occur after the consonant where orthography and
phonology are aligned or congruent. The ratio of
occurrence of the misaligned to aligned vowels is
1:4 (see Winskel & Iemwanthong, 2010, for more
detailed information). Target words were each
placed near the centre of each sentence, and
were never placed at the beginning or last two
words of the sentence. Half the experimental
sentences consisted of consonant target words
and the other half of vowel target words. As in
the Perea and Lupker (2004) paper and in the
Johnson (2007) paper, we employed different
target words for the pseudowords created by
transposed/replaced consonants and for the pseu-
dowords created by transposed/replaced vowels. It
may be important to note here that the pattern of
priming effects is similar using the same targets to
create the priming conditions (for both consonants
and vowels) and using different words to create the
priming conditions (see Lupker, Perea, & Davis,
2008). Furthermore, using different words in the
consonant/vowel conditions allows us to tightly
control for the position of the letter transpositions/
replacements: The nonadjacent TL manipulations
involved exchanging the second and fourth letters,
which involved either consonants only or vowels
only. The vowels used in the current study con-
sisted of only the commonly used linear vowels
that occur in the main text line. Items were
counterbalanced so that there were 20 sentences
in each of the three preview conditions: (1)
identity, (2) transposed-letter (TL) pseudoword,
and (3) substituted-letter (SL) pseudoword. In the
identity condition, the parafoveal preview was

identical to the target word. In the transposed-
letter condition, the preview involved the transpo-
sition of the second and fourth letters. Finally, in
the substituted-letter condition, the preview in-
volved the substitution or replacement of the
second and fourth letters. The TL and SL previews
were all pronounceable nonwords. Here are ex-
amples of the three previews for the consonant and
vowel words. Similar to stimuli used in previous
studies conducted on Roman script, the letters in
the substituted letter condition were visually
similar, that is, vowels were substituted with vowels
(e.g., 7 with a), consonants were substituted with
consonants (e.g., & with a), ascending letters were
substituted with ascending letters (e.g., 1 with 7).
Moreover, the transposed- and substituted-letter
conditions always maintained the overall word
shape of the target word as presented in Courier
font. The different previews were also all pro-
nounceable.
Consonants exchanged:

(1) Identity, e.g., nsswe /krat"a/ “pan”
(2) Transposed-letter, e.g., anzse /kt"ara/
(3) Substituted-letter, e.g., naznz /klap™a/

Vowels exchanged:

(1) Identity, e.g., s=uau /rabo:p/ “model”
(2) Transposed-letter, e.g., sauxu /robap/
(3) Substituted-letter, e.g., 57w /ra:buap/

The two lists of consonant and vowel words were
controlled for word frequency using the Thai one
million word database (Luksaneeyanawin, 2004);
mean word frequency for consonants was 30
(range: 0-253) and for vowels was 33 (range:
1-244), which were not significantly different
(t<1). In order to maximise the likelihood that
target words were fixated, the context leading up
to each target word was neutral. To ensure that
the test sentence context was unpredictable, the
beginning part of each sentence was presented to
12 participants, who were asked to then predict
the next word in the sentence. The target words
were found to be unpredictable from their pre-
vious context (mean predictability score=5.6%).
Moreover, there was no significant difference in
the predictability scores across the two word types
(t<1). Three lists were constructed with three
counterbalanced conditions for the vowel and
consonant word sentences—the sentences are in
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the Appendix. There were 10 items per condition
for each participant. There were 11 participants
for each list.

Procedure

Each participant was required to sit in front of the
computer monitor, placing his or her face on the
chinrest. Each trial started with a fixation point
on the left-hand side of the monitor; the location
corresponded with the first letter of the sentence.
Instructions requested participants to read the
sentence silently for comprehension, and then to
press a gamepad button when they had finished
reading the sentence to trigger the next trial.
Before proceeding, the eyetracker was calibrated.
The experimental sentences were then displayed
on a single line of text to the participant. There
were eight practice trials followed by the experi-
mental sentences, which were presented in a fixed
random order. Regular calibration checks and
recalibrations were conducted when necessary.
Comprehension questions followed 20% of the
trials to ensure that participants carefully read the
sentences. The mean accuracy rate for these
comprehension questions was 97% (range:
82-100%). As Thai does not have interword
spaces, the boundary was placed immediately
before the final letter of the pretarget word, so
that the change occurred before the reader
fixated on the target word (refer to Figure 1).

RESULTS

The three eye movement measures computed
were: (1) first fixation duration, (2) single fixation
duration, and (3) gaze duration, as these are the
most commonly used and reliable measures of
parafoveal effects on foveal word processing
(Rayner, 1998). First fixation duration is the
amount of time spent on initial fixation of the
target word, regardless of whether there is more
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than one fixation. Single fixation duration is the
amount of time spent on initial fixation of the
target word when there is only one fixation on
the word. Gaze duration is the sum of all fixation
durations on the target word prior to the reader’s
gaze leaving the word. The skipping rate was not
significantly different for the different conditions;
skipping probabilities ranged from .03 to .06. Loss
of data occurred due to display changes occurring
too early or track loss or blinks occurring.
Consistent with most eye movement research
(Rayner, 1998), trials in which there were two
fixations on adjacent letters and one of the
fixations was short (less than 120 ms) were
pooled. Prior to conducting the analyses, trials
were removed if fixation duration on the target
word was less than 120 ms or greater than 800 ms,
which is in line with typical eye movement
procedures (e.g., Perea, Nakatani, & van
Leeuwen, 2011). Altogether, this resulted in
removal of 9.24% of the data. The mean first
fixation duration, single fixation duration, and
gaze duration for each of the three parafoveal
previews are shown in Table 1.

To determine the role of consonant/vowel
status in letter position coding during parafoveal
processing, we conducted two series of well-
motivated tests rather than conducting an unfo-
cused omnibus analysis (see Wilcox, 1987) (see
also Johnson et al., 2007; Perea & Lupker, 2004,
for a similar strategy). First, to determine the role
of consonants and vowels in letter position coding
during parafoveal processing, we examined
whether the transposed-letter effect was modu-
lated by consonant/vowel status. Thus, for each of
the three dependent fixation duration measures, a
2 (word type: vowel, consonant)x2 (preview:
transposed letter, substituted letter)x3 (list: List 1,
List 2, List 3) analysis of variance (ANOVA) was
conducted based on participant (F;) and item (F5)
variability. List was included as a factor in the
statistical analyses to extract the variability due to
the counterbalancing lists. Second, to determine
whether or not letter position is encoded in the

TABLE 1
Mean fixation measures for the three parafoveal previews (in ms)

First fixation duration

Single fixation duration

Gaze duration

Parafoveal preview Consonant Vowel Consonant Vowel Consonant Vowel
Identity 234 239 241 241 294 291
Transposed-letter 243 252 248 254 313 318
Substituted-letter 247 254 251 261 343 319
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parafovea while reading Thai, the comparison was
made between the identity (i.e., no display
change) condition and the transposed-letter con-
dition—as a further control, we also examined the
differences between the identity condition and the
substitution-letter condition.

The analysis on first fixation durations did not
reveal any differences between TL and SL pre-
views, or an interaction between preview and word
type (all Fs<2). First fixation durations were
marginally shorter for the consonant than vowel
target words for subjects, Fi(1, 32)=3.59, p=.07,
nf) =.107, but not for items (F»<1). Additionally,
the first fixation duration on the target word was
shorter when preceded by an identity preview
than when preceded by a TL preview (11 ms),
F(1,32)=6.72, p<.05, nf, = .173; Fx(1, 59)=6.00,
p<.05, nf) = .055. This implies that letter position
information is encoded in the parafovea while
reading Thai. The first fixation duration on the
target word was shorter when preceded by an
identity preview than when preceded by a SL
preview (33 ms), Fi(1, 32)=1147, p<.01,
n: = .276; F5(1, 59)=10.05, p<.01, n} = .083.

For single fixation durations, there were no
differences between the TL and SL previews or
significant interaction effects between preview
and word type (all Fs<2). Single fixation dura-
tions were marginally shorter for the consonant
than vowel target words for subjects, Fi(1, 32)=
3.35, p=.08, nl"; = .104, but not for items, F><1. In
addition, the identity preview condition produced
marginally shorter fixations on the target word for
the identity condition than the TL preview (10
ms), Fi(1,32)=3.17, p=.08, n = .098; Fx(1, 59)=
6.14, p<.05, ng = .056. The single fixation dura-
tion on the target word was shorter when pre-
ceded by an identity preview than when preceded
by a SL preview (22 ms), Fi(1, 32)=9.15, p<.01,
n: = .260; F5(1, 59)=9.78, p<.01, n} = .081.

For gaze duration, the TL preview was sig-
nificantly shorter than the SL preview, Fi(1, 32)=
10.07, p<.01, nf) = .251; Fx(1, 59)=3.55, p<.05,
n?, = .025, but there was no significant difference
due to word type (all Fs<2). More important, the
interaction between word type and preview was
significant, F;(1, 32)=10.96, p<.01, ng = .268;
F>(1,59)=4.49, p<.05, 1112, = .035. This interaction
reflected that, for consonants, gaze durations for
the target words preceded by a TL preview were
significantly shorter than when preceded by a SL
preview (30 ms), Fi(1, 32)=15.26, p<.001,
nf) =337, Fy(1, 59)=818, p<.01, n’=.132,
whereas for vowels, the gaze durations on the

target words preceded by a TL preview and a SL
preview were not significantly different (Fs<1).
Finally, gaze durations on the target word were
shorter when preceded by an identity parafoveal
preview than when preceded by the TL parafo-
veal preview, Fi(1, 32)=8.73, p=.01, n} = 214
Fy(1, 59)=7.73, p<.01, n’=.069." The gaze
duration on the target word was shorter when
preceded by an identity preview than when pre-
ceded by a SL preview (41 ms), Fi(1, 32)=23.86,
p<.001, ng = .443; F(1, 59)=25.93, p<.001,
n; = .189.

DISCUSSION

Recent research has revealed that there are
processing asymmetries between consonants and
vowels in various linguistic tasks, including asym-
metries in the processing of letter identity during
normal reading (e.g., Lee et al., 2001; Lee,
Rayner, & Pollatsek, 2002). The current research
has extended this line of research by examining
consonant and vowel asymmetries (via letter
transpositions) in Thai during normal silent read-
ing. As indicated earlier in this paper, Thai has a
distinctive alphabetic orthography with conso-
nants playing a more critical anchoring role than
vowels—which may occur as letters or diacritics
in linear and nonlinear arrangements around the
consonants. Results for gaze durations revealed a
transposition effect involving consonants but not
vowels. For consonants, the identity condition
(with correct letter information in the correct
position) and the transposed-letter condition
(with correct letter information but not in
the correct position) resulted in shorter gaze

L As a reviewer pointed out, the presence of a transposed-
letter effect in gaze durations but not in first-fixation durations
may be due to a differential refixation probability or to
differences in the second fixation duration. Given that
refixation probability is treated as a Boolean variable [0 vs.
1 for each observation], a linear mixed model with was fit by
the Laplace approximation with word type (vowel, consonant)
and preview (transposed-letter, substituted-letter) as fixed
factors and participants and items as random slopes. (Other
models with different complexity of random effects yielded
essentially the same findings.) Results showed an interaction
between preview word type, z= —2.18, p=.02. For conso-
nants, the refixation probability was lower in the transposed-
letter condition than in the replacement-letter condition (.31
vs. .36), z=3.05, p=.002, and the parallel difference was not
close to significance for vowels (.32 vs. .29), z<1. There were
not enough data points for a reliable analysis of the second
fixation duration analysis, however.
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durations than the replacement-letter condition
(with incorrect letter information). This con-
trasted with results found for the vowel transposi-
tions, as the identity preview resulted in shorter
gaze durations than the transposed-letter or
replacement-letter conditions.

Thus, the presented data indicate that, for con-
sonants, letter identities can still be encoded even
when letter position is not exact (e.g., yazsu /psarop/
for 1szau /prasop/ “face”). The TL nonwords invol-
ving nonadjacent transposed consonants in the
parafovea activate the lexical representation for
the base word, which is not the case for vowels (e.g.,
sausu /ro:bap/ for swuau /rabo: p/ “model”). This
dissociation between consonant versus vowel trans-
positions is remarkably similar to that obtained in
Indo-European languages with the masked priming
lexical decision task with foveal primes (Lupker
et al., 2008; Perea & Acha, 2009; Perea & Lupker,
2004). As we indicated earlier in the paper, Johnson
(2007) failed to find a (significant) modulation of the
transposed-letter effect depending on consonant/
vowel status for gaze durations. However, Johnson
found that the transposed-letter effect was nearly
twice for consonants than for vowels (17 vs. 9 ms,
respectively), and we believe that the divergence
between the Thai and English data can be explained
in terms of greater sensitivity to the consonant/
vowel differences in Thai than in English—on the
basis of the peculiarities of Thai orthography—and/
or less experimental power in the English experi-
ment. Thus, the discrepancies between the Johnson
experiment and the present experiment may be
more apparent than real, and hence, confirm once
more that there are fundamental processing differ-
ences between consonants and vowels during lin-
guistic processing (e.g., see Bonatti, Pena, Nespor, &
Mehler, 2005). A reviewer suggested that the
consonant/vowel asymmetry in the gaze durations
in the present experiment might be due to some
differential neighbourhoods created by substitution-
letter pseudowords in Thai. However, as both the
consonant and vowel words in the present experi-
ment are relatively long for Thai and predominantly
bisyllabic (average number of syllables was 2.16),
the substitution-letter previews have very few
neighbours—note that Thai words tend to be
primarily short and monosyllabic (Hudak, 1990).

Importantly, we did not find the same differ-
ential effect for consonants and vowels for first and
single fixations. Instead, we found that the identity
preview was shorter than the substituted-letter
preview and (marginally) shorter than the trans-
posed-letter preview for both consonants and
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vowels—similar to the Johnson (2007) data. The
simplest explanation of this pattern of data is that
consonants and vowels are not differentiated at
this initial low-level stage of processing (Johnson,
2007; see also Perea & Acha, 2009, for similar
evidence with a masked priming same-different
matching task). It is only later in processing that
the consonant/vowel distinction starts to matter—
as captured by the gaze durations (i.e., a better
index of word identification than first fixation
durations; see, e.g., Kuperman, Drieghe, Keeulers,
& Brysbaert, 2012; Rayner, 1998). As a reviewer
pointed out, it could be argued that single fixation
durations should have also reflected the conso-
nant/vowel asymmetry because a word that only
receives a single fixation presumably has been fully
identified. However, neither the Johnson experi-
ment nor the present one offered any signs of a
consonant/vowel asymmetry for single-fixation
durations. Given that lexical decision times corre-
late more strongly with gaze durations than with
single-fixation durations (or first-fixation dura-
tions; see Kuperman et al., 2012), it could be
argued that gaze durations may better reflect a
word’s full identification than single fixation dura-
tions. Finally, we should note here that the
parafoveal preview benefits in the Johnson experi-
ment in English (i.e., a spaced language) revealed
numerically greater effects for first fixation dura-
tions and gaze durations than those obtained here.
In Thai, there is a certain ambiguity in the
segmentation of words associated with reading a
script without visually salient interword spaces as
segmentation cues. As Thai does not have these
visually salient segmentation cues, alternative
segmentation cues need to be utilised (see Winskel,
Perea, & Ratitamkul, 2012), and this may somehow
modulate the magnitude of preview benefits in the
parafovea relative to a spaced language like English
(see Juhasz, White, Liversedge, & Rayner, 2008, who
found differential preview effects for unspaced and
space compound words). Future research may be
necessary to help clarify this issue.

The present data are in line with previous
research (in Indo-European languages) that has
found differences in the processing of consonants
and vowels in letter identity (e.g., Berent &
Perfetti, 1995; Carreiras, Dunabeitia, & Molinaro,
2009; Carreiras, Gillon-Dowens, et al., 2009;
Dunabeitia & Carreiras, 2011; Lee et al., 2001,
2002) and letter position (e.g., Lupker et al., 2008;
Perea & Lupker, 2004). The difference between
the processing of vowels and consonants causes
significant problems for current computational
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models of visual-word recognition (e.g., overlap
model, spatial coding model, SERIOL model, open
bigram model, noisy Bayesian Reader model),
because these models do not assign a differential
role for consonant versus vowel status during word
processing. One likely explanation is that conso-
nant versus vowel status during reading begins to
matter when phonological codes are activated (see
Perea & Acha, 2009). That is, the differences
between consonants and vowels might arise at the
sublexical phonological level rather than at the
orthographic level (see Perea & Lupker, 2004). As
illustrated by Perea and Lupker (2004), trans-
posed-letter nonwords created by switching two
consonants (e.g., RELOVUTION) may be per-
ceived as phonologically closer to the correspond-
ing target word (REVOLUTION) than the
transposed-letter nonwords created by switching
two vowels (REVULOTION) or as illustrated in
Thai nszuaun1s /kranuabka:n/, a nonword with two
consonants switched may be perceived as phono-
logically more similar to the target word nszuaunns
/krabuanka:n/ “procedure” than when two vowels
are switched as in the nonword nshuzunts /kruaban-
ka:n/. Indeed, consonant-vowel differences in letter
position coding do not occur in tasks that are not
sensitive to phonological effects (e.g., the masked
priming same-different matching task; see Perea &
Acha, 2009). This would explain why both con-
sonants and vowels produce a similar pattern of
effects in the very early (presumably orthographic)
stages of lexical access, as deduced from the first-
fixation duration data in English and Thai. This
reasoning is also consistent with the claim that
“consonants and vowels are processed in parallel
and that the processing speed depends on the
efficiency of phonological recoding of individual
consonants and vowels” (Lee et al., 2001, p. 202).
Clearly, a challenge for cognitive modellers is to
implement a full model in which both orthography
and phonology play significant roles during the
process of lexical access—and also how their
models can be used as a front end for a more
general model of eye movement control
in reading (e.g., EZ-Reader model: Reichle,

2One important issue for further research is to examine
how letter identity (e.g., via a delayed letter paradigm; Lee
et al., 2001; see also Carreiras, Gillon-Dowens, et al., 2009)
and letter position (via a transposed-letter manipulation)
interact during parafoveal processing in reading (see Ver-
gara-Martinez, Perea, Marin, & Carreiras, 2011, for evidence
using masked priming lexical decision while recording ERPs).

Pollatsek, Fisher, & Rayner, 1998; SWIFT model:
Engbert, Longtin, & Kliegl, 2002).

To summarise, these results show that transposi-
tion-letter effects during normal reading are modu-
lated by consonant/vowel status in Thai. Gaze
duration data revealed that this specifically oc-
curred for consonants, which supports the claim
that there are some basic processing differences
between vowels and consonants during normal
silent reading. Thus, consonant/vowel differences
in normal reading arise not only at the level of letter
identities (as demonstrated by Lee et al., 2001,
2002), but also at the level of letter position coding.
Furthermore, these findings demonstrate that vo-
wel/consonant differences during visual-word re-
cognition and reading are not restricted to the
family of Indo-European languages but instead
they reflect a more general phenomenon (e.g., see
Nazzi, Floccia, Moquet, & Butler, 2009, for con-
sonant/vowel differences in early word acquisition).
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