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Abstract Semantic preview benefit from parafoveal words is critical for proposals
of distributed lexical processing during reading. Semantic preview benefit has been
demonstrated for Chinese reading with the boundary paradigm in which unrelated or
semantically related previews of a target word N + 1 are replaced by the target word
once the eyes cross an invisible boundary located after word N (Yan et al., 2009);
for the target word in position N + 2, only identical compared to unrelated-word
preview led to shorter fixation times on the target word (Yan et al., in press). A
reanalysis of these data reveals that identical and semantic preview benefits depend



Introduction

The inspection time of each word during sentence reading strongly depends on the
words’ properties such as its length or frequency of occurrence in a certain language,
suggesting that the duration of fixating a word reflects the time needed to process and
lexically access its entry in the mental lexicon (for a review see Rayner, 2009). The
spatial extent of visual processing during a fixation goes much further beyond the
currently fixated word, extending at most up to 4 letters to the left and 14-15 letters to
the right of fixation during reading of alphabetic languages (McConkie & Rayner,
1975; Rayner & Bertera, 1979) and 1 character to the left and 2-3 characters to the
right of fixation during reading Chinese (C.-H. Tsai & McConkie, 1995; Inhoff & Liu,
1997, 1998). This area, which must be visible for a normal reading rate, is called the
perceptual span (McConkie & Rayner, 1975). In principle, with a sufficiently short
word to the right of a fixated word N, chances are that even the word beyond the next
one (i.e., word N + 2) may fall into the perceptual span. Whether information of word
N + 2 can be extracted during reading of alphabetic languages is currently a highly
controversial discussion (Rayner, Juhasz, & Brown, 2007; Angele, Slattery, Yang,
Kliegl, & Rayner, 2008; for positive results see Kliegl, Risse, & Laubrock,



is that phonology plays an important mediating role leading to a word’s meaning being
activated relatively late (Van Orden, 1987; Van Orden, Pennington, & Stone, 1990;
Coltheart, Rastle, Perry, Langdon, & Ziegler, 2001), when compared to some other
languages such as Chinese, which we will elaborate below.

In contrast to the view of late semantic activation, evidence from fast priming
studies suggests that semantic information facilitates recognition of a foveal target
word during a narrow time window at a very early stage with prime durations of
about 30 ms (Sereno & Rayner, 1992). In a recent study using a combination of the
fast priming and boundary paradigm, Hohenstein, Laubrock, and Kliegl (2010)
extended this research to investigate parafoveal semantic priming. Hohenstein et al.
varied the duration of parafoveal semantic primes for word N + 1. They obtained a
semantic preview benefit with a parafoveal prime duration of 125 ms, but not for
shorter ones (Experiment 1 and 2). When the saliency of the parafoveal prime word
was increased, the semantic preview benefit was significant with an 80-ms but not
with the 125-ms parafoveal prime duration (Experiment 3). Thus, in addition to
providing evidence for parafoveally processing semantic information in alphabetic
languages, the results suggest that semantic preview benefit is time dependent with
facilitation due to semantic relatedness of parafoveal preview only during a specific,
possibly only early, time window.

Chinese script and semantic preview benefit

Eye-movement control during reading Chinese shares many basic characteristics of
alphabetic writing systems (Yan, Kliegl, Richter, Nuthmann, & Shu, 2010).
However, there are also important differences, especially with respect to parafoveal
processing of semantic information. Chinese script uses square-shaped characters
with different levels of visual complexity as the basic writing units; they all occupy
the same amount of horizontal extent. There are two important features that make
Chinese script particularly well-suited for the demonstration of parafoveal semantic
processing. First, in comparison with alphabetic languages, it is generally accepted
that Chinese characters are mapped more closely to meaning than to phonology (see
Hoosain, 1991, for a summary) whereas the contribution of phonological activation
during identification is comparatively small (see Feng, Miller, Shu, & Zhang, 2001,
for a review). Second, most with



when the previewed character was semantically related to the target but there was a
trend in this direction.

In the boundary paradigm the previews are always either available or denied for
the entire duration of the fixation prior to the boundary. This raises the possibility



Using the data from the two prior studies, we focus on the size of various
informative preview effects (i.e., identical, semantic, orthographic, and phonolog-
ical relative to unrelated preview words) as a function of the preview single-fixation
duration for parafoveal processing of word N + 1 and N + 2 in Chinese reading.

Method
Subjects

All participants of the experiments were native Chinese students from Beijing
Normal University with normal or corrected to normal vision. For the eye-tracking
experiments, 48 students were tested for Data Set 1 with a manipulation of word
N + 1 (Yan et al., 2009) and an independent sample of 74 students contributed to
Data Set 2 with a manipulation of word N +



(F =10, p > .1) and frequency (F < 1). The three relatedness ratings nicely
reflected the intended design. Due to non-significant phonological preview benefit
for word N + 1 in the first fixation analysis reported in Yan et al. (2009), this
condition was removed from Data Set 2.

The invisible boundary that triggered the display change was located just to the
left of character N + 1, which is the first character of the target word (word N + 1)
in Data Set 1, and a single-character word prior to the first character of the target
word (word N + 2) in Data Set 2. Eye movements were recorded with an EyeLink Il
system (500 Hz). Single sentences were presented on the vertical position one-third
from the top of the screen of a 19-inch ViewSonic G90f monitor (1,024 9 768
resolution; frame rate 100 Hz) for Data Set 1 and a 21-inch Dell Trinitron Monitor
(1,280 9 1,024 resolution; frame rate 100 Hz) for Data Set 2. Therefore, it took at
most 16 ms to complete the display change for both data sets. The words before the
boundary (i.e., word N) were also always two-character words. Each sentence was
only presented once to a participant with the different preview types. A set of
example sentences is shown in Fig. 1. Full details concerning the material, apparatus
and procedure are available in Yan et al. (2009
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We note that similar trends (not always significant) were also present for FFDs and
GDs on the preboundary word N. We also test the critical results in post-hoc
comparisons for short and long preview durations, using the mean of the
log-transformed single fixation duration as cut-off point.

Preview benefit for word N + 1

Identical preview benefit

The main effect of identical preview was highly significant (b = —0.16, SE = 0.03,
t=-6.1;b=-0.17,SE=0.03,r=-5.5; b =-0.27, SE = 0.04, r = —7.2; for FFD, SFD

and GD analyses, respectively). In Fig. 2, the identical preview benefit corresponds to
the difference between the unrelated (bold solid) and identical (bold dotted) lines. It is

Fig. 2 Linear regression of first-fixation duration (a), and gaze duration (b) on word N + 1 on single-
fixation duration on word N for unrelated (bold-solid), semantic (bold-dashed), identical (bold-dotted),
orthographic (simple dashed), phonological (simple dot-dashed) preview conditions using logarithmic
scales for both axes. The vertical line indicates the mean log single-fixation duration on word N.
Between-subject and between-item differences for dependent variable and covariance in the LMM were
removgd’ prior to regressions. Figure was generated with ggplor2 (Wickham, 2009)
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shown for FFDs (panel A) and GDs (panel B). The vertical line indicates the mean log
preview duration (i.e., the value at which main effects are evaluated).

With FFD as dependent variable (Fig. 2a), the identical preview effect was
remarkably large and also largely independent of preview duration (i.e., distance
between identical and unrelated conditions is large and the hypothesis that the two
lines are parallel cannot be rejected; interaction #-values for FFDs, also SFD, <1).

On 17, 30, 25, 34 and 29% (for identical, orthographic, phonological, semantic
and unrelated preview conditions, respectively) of all valid trials, first fixations on
target word were followed by refixations. With GD as dependent variable (Fig. 2b),
the identical preview benefit significantly increased with preview duration
(b = —0.28, SE = 0.14, + = —2.0, for the interaction of identical vs. unrelated
preview and preview duration).! The increase in the preview benefit resulted from
the divergence in GD for unrelated and identical previews; neither the numeric GD
increase for the unrelated preview (z = 1.36) nor the numeric GD decrease for the
identical preview (r = —1.37) was significant by itself.

The similarity between FFDs and GDs in slopes for the identical conditions (bold
dotted lines in Fig. 2) suggests that refixation rate did not depend on preview
duration. The divergence in slopes for the unrelated conditions (negative for FFDs
and positive for GDs; bold solid lines in Fig. 2) suggests that refixation rate
increased during preview. This was confirmed in post-hoc analyses of refixation
rate, using a binary measure of fixating the target once or more than once as
dependent variable in a generalized linear mixed model (GLMM): Refixation rate
increased significantly during preview in the unrelated preview condition (b = 0.25,
SE = 0.10, t = 2.5), but refixation rate did not decrease significantly in the identical
preview condition (b = —0.07, SE = 0.11, r = —0.6). Traditionally, the unrelated
preview condition serves as the baseline for the computation of the preview benefit.
The increase in refixation rate with preview duration in this condition may be



(unrelated preview) in Fig. 2a shows that FFDs with semantic preview were as short
as those for identical preview given a 150 ms preview duration, but were as long as
those for unrelated preview with a preview duration of 400 ms. Thus, the semantic
preview benefit differed from the identical preview benefit: the semantic preview
benefit was large for short previews and vanished with increasing preview duration
whereas identical preview benefit was present for all preview durations. The effects
were not significant with GD as the dependent variable.



increased preview duration (b = 0.23, SE = 0.05, r = 4.7 and b = 0.31, SE = 0.06,
t = 5.2 for short and long previews, respectively).

Semantic preview. The semantic preview benefit was also modulated by preview
duration: It was significant for short previews (b = 0.10, SE = 0.03, r = 2.9 and
b = 0.10, SE = 0.04, + = 2.3; for FFD and SFD analyses, respectively) but not for
long ones (both r-values <.07).

Orthographic and phonological preview. Orthographic preview benefit was
significant for short previews, » = 0.09, SE = 0.04, r = 2.3 and » = 0.09,
SE = 0.04, ¢+ = 2.0; for FFD and SFD analyses, respectively; both #-values were
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Fig. 3 Linear regression of first-fixation duration (a) and gaze duration (b) on word N + 2 on single-

between preview duration and semantic preview benefit for GD analysis (b = —0.11,
SE = 0.05, r = —2.0). Again, we observed a crossover pattern, but this time the
semantic preview effect was negative for shorter than average preview durations
and positive for longer than average ones (i.e., semantic preview benefit; see
Fig. 3b). This negative difference was not significant in the subgroup of short
previews, but neither was the positive difference for long previews (see below). The
interaction was not predicted. Therefore, the result is in need of independent
replication before it is used for substantive interpretations.



Table 3 Means (standard

errors) of first-fixation duration
(FFD), single-fixation duration .
(SFD) and gaze duration (GD)  Short preview

No. obs Identical Orthographic Semantic  Unrelated

onword N + 2 from Data Set2, FFD 2222 248 (5) 257 (4) 266 (5) 263 (6)
broken down by mean log SFD 1,855 245 (5) 259 (5) 265 (5) 260 (6)
SLer\E/l;exssmgle fixation GD 2222 267 (8) 281 (9) 293 (8) 236 (9
Long preview
FFD 1,802 259 (6) 275 (6) 271 (6) 270 (6)
Means and standard deviations ~ SFp 1,530 259 (6) 274 (6) 273 (6) 272 (6)
are computed across grand GD 1802  285(9) 298 (9) 208 (9) 312 (9)

means

Orthographic preview

The main effect of orthographic preview and its interaction with preview duration
were not significant (all +-values <1.2).

Preview benefit for grouped short and long previews

Post-hoc breakdown of trials by mean log preview duration (i.e., 247 ms in original
metric) did not reveal significant semantic or orthographic preview benefits for any
of the groups.® As shown in Table 3, there was only a numerical trend of a semantic
and orthographic preview benefit with long previews for GD analyses (semantic
preview benefit: b = 0.04, SE = 0.02, r = 1.6; » = 0.02, SE = 0.02, r = 0.9; for
trials with long and short previews, respectively. For analyses of orthographic
preview benefit: » = 0.03, SE = 0.02, r = 1.4; b = 0.02, SE = 0.02, + = 0.7; for
trials with long and short previews, respectively). The lack of significance in the
post-hoc analysis is a consequence of the loss of statistical power associated with
using a dichotomized factor derived from a continuous covariate of preview
duration (e.g., Baayen, 2008).

Finally, the identical preview benefit was significant for both groups (M = 27 ms,
b =0.08, SE=10.02,t=3.2and M =19 ms, b = 0.06, SE = 0.02, r = 2.7; for trials
with long and short previews, respectively), with a numerically larger effect for long
previews.

3 gplit of trials by preview single-fixation duration at 240 ms led to balanced groups in number of
observations and more representatively demonstrative results: For semantic preview benefit with long
previews, No. obs = 1,958, » = 0.04, SE=0.02,r=18andb=17ms,SE=9, ¢ =



Discussion

In alphabetic languages, studies using the boundary paradigm in a natural sentence
reading task have so far failed to demonstrate preview benefit of semantically
related parafoveal previews (see Rayner et al., 2003, for a review). Recently, such
semantic facilitation effects were reported for an early time interval of parafoveal
semantic priming (Hohenstein et al., 2010). Considering preview durations as a
predictor for the size of different types of preview effects, the present study
confirmed the notion of time-dependent parafoveal facilitation effects and extended
it to sentence reading in Chinese. The most important results for previews of word
N +



Liversedge (2005) who partitioned their data on the median for participants and
conditions could be due to reduced statistical power for dichotomized covariates.
The detection of the increase of preview benefit from word N
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