


the kind of information available in a parafoveal word N � 1 (or
in the present case: N � 2) when the eye fixates on word N
(Rayner, 1975). In the no-preview condition, the preview consists
of a random letter string; in the identical preview condition, the
target word is always visible. During the saccade from word N
toward word N � 1 the preview in position N � 1 (or in the
present case: N � 2) is replaced with the target word. Shorter



fixation location, may be more sensitive to parafoveal preprocess-
ing than alphabetic script. Therefore, we expected readers of
Chinese to reveal evidence for preprocessing word N � 2.

Method

Subjects

Seventy-four1 students from the Beijing Normal University with
normal or corrected to normal vision, who were native speakers of
Chinese, participated in the eye-tracking experiment.

Material

Word N � 2. Forty-eight target characters were selected for
the preview-type manipulation at word N � 2 position. For each
target character, four types of preview characters served as iden-
tical, orthographically related, semantically related, and unrelated
previews. All preview characters are simple and non-compound so
as to avoid sublexical/radical activation during reading. There
were no differences between the four preview types with respect to
visual complexity [i.e., number of strokes; mean strokes: 5.0, 4.8,
5.5 and 4.9, for identical, orthographically related, semantically
related, and unrelated characters, respectively; F(3, 188) � 1.1,
p � .1] and frequency (Beijing Language Institute Publisher,
1986) [mean frequencies: 1150, 1154, 1164, and 1163, for identi-
cal, orthographically related, semantically related, and unrelated
characters, respectively; F(3, 188) � 1]. Independent ratings of
orthographic (n � 18 subjects) and semantic (n � 16) relatedness
between the target and each type of the preview characters were
collected. Each type of preview character related to targets only on
the desired dimensions: semantic related previews were rated 4.1



duration of the saccade (M � 25 ms; SD � 7 ms) that crossed
the boundary.

The font Song 40 was used with one character equal to 0.9
degrees of visual angle. The experiment was controlled by a P4
computer, running at 2.8 GHz under the Windows XP environ-
ment. Subjects read with the head positioned on a chin rest 80
cm from the monitor. All recordings and calibrations were
binocular.

Procedure

Subjects were calibrated with a nine-point grid for both eyes.
They were instructed to read the sentences for comprehension,
then fixate a dot in the lower right corner of the monitor, and
finally press a button to signal completion of the trial. As shown in
Figure 1, before readers’ eyes cross the invisible boundary from
word N to word N � 1, they get any one of the four previews at
the position of word N � 2. During this critical saccade, the
preview word is replaced by the target word. On 26 trials the
sentence was followed by an easy yes–no question. Subjects cor-
rectly answered 91% of all questions (SD � 7%). Fixation on the
fixation point initiated presentation of the next sentence or a drift
correction. An extra calibration occurred if the tracker did not
detect both eyes within a predefined window around the initial
fixation point. All subjects read 131 sentences (i.e., 96 experimen-
tal sentences and 35 fillers). After the experiment, subjects were
asked to report anything unusual during the sentence reading, some
reported ‘flashes’ on the screen for only a few trials (M � 4, SD �
3), but they could not report what they saw.

Data Analysis

Data analysis was based on 74 subjects. Their data were reduced
to a fixation format using an algorithm for the binocular detection
of saccades (Engbert & Kliegl, 2003). Sentences containing a blink
or loss of measurement were deleted (i.e., 5%). Analyses were
based on right-eye fixations. First- and single-fixation durations as
well as GDs with FFDs shorter than 60 ms or longer than 600 ms
were excluded (2% of all fixations). First-fixation duration is the
duration of the initial fixation on a word irrespective of number of
fixations on the word; single-fixation duration is the duration of
fixation on a word that is fixated exactly only once; and GD is the
sum of all first-pass fixations on a word before making a saccade
to another word.

Inferential statistics are based on a priori contrasts with random
letter preview as reference for the two related and the identity
previews. Estimates are from a linear mixed model (LMM) for
durations and a generalized linear mixed model (GLMM) for
skipping with crossed random effects for subjects and items using
the lmer program of the lme4 package (Bates, Maechler, & Dai,
2008) in the R environment for statistical computing and graphics
(R-Core Development Team, 2008). We used log-transformed
continuous frequency values as predictors in the models. Analyses
for untransformed and log-transformed durations yielded the same
pattern of significance; statistics are reported for log-transformed
durations.

Results

Word N � 2 Region-Preview Benefits

Two main goals of the present study were to test (a) whether
readers of Chinese are able to obtain useful information from parafo-
veal word N � 2 position and (b) whether parafoveal load dynami-
cally modulates the perceptual span. A total of 5903 trials contributed
to the following analyses. Relative to unrelated previews, there were
significant preview benefits of 7 ms (b � .029, SE � .010, t � 2.9)
for FFD and 12 ms (b � .040, SE � .013, t � 3.0) for GD on word
N � 2. The skipping probability of word N � 2 under identical
preview was also higher than unrelated previews (b � 0.22, SE �
0.11, z � 2.0, p � .05). We also tested what type of information is
preprocessed at the word N � 2 position. However, neither durations
nor skipping probabilities for the orthographically and semantically
similar conditions were significantly different from unrelated controls
(all t-values � 1).

Although the main effect of frequency was not significant (both
t-values � 1.2), we did obtain an interaction between frequency of
word N � 1 and the identity contrast for FFD analysis (b � .013,
SE � .006, t � 2.3). Differences in parafoveal load of word N � 1
lead to different patterns of preprocessing of word N � 2 in agree-
ment with dynamical modulation of the perceptual span (see Table 1a
and Figure 2). Specifically, in a post-hoc analysis, the Identity contrast
was significant only when N � 1 words were of high frequency (12
ms; b � .042, SE � .013, t � 3.2) but not when they were of low
frequency (3 ms; b � .016, SE � .015, t � 1.1). The same numeric

Table 1
Means (Standard Deviations) of First-Fixation Duration (FFD),
Gaze Duration (GD) and Skipping Probability (SP) for Word
N � 2, Word N � 1, and Word N Broken Down by Preview
Condition (Word N � 2) and Frequency of Word N � 1

Frequency

Type of Preview

Identity Orthography Semantics Control

(a) Word N � 2
FFD-HF 269 (49) 284 (51) 278 (45) 282 (43)
FFD-LF 280 (46) 285 (53) 288 (49) 283 (50)
GD-HF 306 (63) 329 (66) 321 (70) 326 (60)
GD-LF 328 (77) 335 (82) 333 (75) 337 (75)
Sp -HF .13 (.14) .11 (.12) .11 (.13) .10 (.12)
Sp -LF .13 (.13) .14 (.12) .14 (.14) .12 (.14)

(b) Word N � 1
FFD-HF 246 (48) 261 (59) 252 (55) 260 (83)
FFD-LF 290 (62) 297 (61) 296 (66) 301 (63)
GD-HF 249 (53) 263 (60) 253 (55) 264 (86)
GD-LF 293 (63) 303 (62) 300 (66) 307 (63)
Sp -HF .58 (.18) .63 (.17) .61 (.17) .60 (.16)
Sp -LF .50 (.18) .50 (.17) .43 (.18) .46 (.19)

(c) Word N
FFD-HF 263 (46) 257 (42) 258 (39) 261 (46)
FFD-LF 264 (45) 261 (42) 263 (43) 268 (44)
GD-HF 289 (71) 287 (60) 291 (58) 288 (60)
GD-LF 303 (71) 295 (64) 305 (69) 306 (75)
Sp -HF .18 (.18) .14 (.14) .15 (.14) .14 (.14)
Sp -LF .14 (.13) .13 (.13) .15 (.15) .13 (.12)

Note. HF � high-frequency word; LH � low-frequency word. Means
and standard deviations are computed across subject means.

4 OBSERVATIONS



pattern is observed for GDs for PB under high-frequency (18 ms;



results hold if we examine only fixations on the character that was
changed. Despite the reduced number of observations (3461 of
5903 trials), exactly the same results were obtained, including PB
effects for word N � 2 (b � .035, SE � .013, t � 2.7 and b � .046,
SE � .019, t � 2.4, for FFDs and GDs, respectively) and the
interaction of PB and word N � 1 frequency (b � .019, SE � .008,
t � 2.5 and b � .019, SE � .011, t � 1.8, for FFDs and GDs,
respectively).

Word N � 1 Region

Frequency effect. The mean profile of FFD, GD, and skip-
ping probability of word N � 1 is shown in Table 1b. Due to the
high skipping rate (54%) the duration analyses are based on only
3105 observations. The main effect of frequency reached signifi-
cance for effects on FFD (39 ms; b � .037, SE � .007, t � 5.3),
GD (41 ms; b � .037, SE � .008, t � 4.5), and skipping
probability (b � 0.17, SE � 0.04, z � 4.2, p � .01). The effect is
the ordinary immediate frequency effect.

Relatedness effect. We also observed a significant skipping
rate difference between the orthographically similar condition and
the unrelated condition (b � 0.15, SE



We also tested which information is obtained from word N � 2.
Previous studies with Chinese demonstrated extraction of ortho-
graphical, phonological, and even semantic information from word
N � 1. Since pure phonological preprocessing in Chinese reading
is relatively weak and its effect is observed mainly in GDs (Liu et
al., 2002; Tsai et al., 2004; Yan et al., 2009), we tested PB only for
orthographically and semantically related conditions. However,
neither semantic nor orthographic previews facilitated subsequent
processing of word N � 2. Although readers of Chinese are able
to obtain information from two words away, semantic and ortho-
graphic features by themselves were not strong enough to trigger
reliable evidence for parafoveal processing in this study.

The research on PBs of word N � 2 was initiated because they are
considered litmus tests of current computational models of eye-
movement conitm98
T*
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account for parafoveal-on-foveal effects in eye movements during read-
ing. Quarterly Journal of Experimental Psychology, 61, 1239–1249.

Engbert, R., & Kliegl, R. (2001). Mathematical models of eye movements
in reading: A possible role for autonomous saccades. Biological Cyber-
netics, 85, 77–87.

Engbert, R., Nuthmann, A., Richter, E., & Kliegl, R. (2005). SWIFT: A
dynamical model of saccade generation during reading. Psychological
Review, 112, 777–813.

Henderson, J. M., & Ferreira, F. (1990). Effects of foveal processing
difficulty on the perceptual span in reading: Implications for attention
and eye movement control. Journal of Experimental Psychology: Learn-
ing, Memory, and Cognition, 16, 417–429.

Inhoff, A. W., & Liu, W. (1998). The perceptual span and oculomotor
activity during the reading of Chinese sentences. Journal of Experimen-
tal Psychology: Human Perception and Performance, 24, 20–34.

Inhoff, A. W., & Rayner, K. (1986). Parafoveal processing during eye
fixations in reading: Effects of word frequency. Perception & Psycho-
physics, 40, 431–439.

Juhasz, B. J., White, S. J., Liversedge, S. P., & Rayner, K. (2008). Eye
movements and the use of parafoveal word length information in read-
ing. Journal of Experimental Psychology: Human Perception and Per-
formance, 34, 1560–1579.

Kennedy, A. R., & Pynte, J. (2005). Parafoveal-on-foveal effects in normal
reading. Vision Research, 45, 153–168.

Kliegl, R. (2007). Toward a perceptual-span theory of distributed processing in
reading: A reply to Rayner, Pollatsek, Drieghe, Slattery, and Reichle (2007).
Journal of Experimental Psychology: General, 136, 530–537.

Kliegl, R., Nuthmann, A., & Engbert, R. (2006). Tracking the mind during
reading: The influence of past, present, and future words on fixation
durations. Journal of Experimental Psychology: General, 135, 12–35.

Kliegl, R., Risse, S., & Laubrock, J. (2007). Preview benefit and
parafoveal-on-foveal effects from word n � 2. Journal of Experimental
Psychology: Human Perception and Performance, 33, 1250–1255.

Liu, W., Inhoff, A. W., Ye, Y., & Wu, C. (2002). Use of parafoveally visible
characters during the reading of Chinese sentences. Journal of Experimental
Psychology: Human perception and performance, 28, 1213–1227.

McConkie, G. W., & Rayner, K. (1975). The span of the effective stimulus
during a fixation in reading. Perception & Psychophysics, 17, 578–586.

McDonald, S. A. (2006). Parafoveal preview benefit in reading is only
obtained from the saccade goal. Vision Research, 46, 4416–4424.

Nuthmann, A., Engbert, R., & Kliegl, R. (2005). Mislocated fixations
during reading and the inverted optimal viewing position effect. Vision
Research, 45, 2201–2217.

Rayner, K. (1975). The perceptual span and peripheral cues during reading.
Cognitive Psychology, 7, 65–81.

Rayner, K. (1986). Eye movements and the perceptual span in beginning and
skilled readers. Journal of Experimental Child Psychology, 41, 211–236.

Rayner, K. (1998). Eye movements in reading and information processing:
20 years of research. Psychological Bulletin, 124, 372–422.

Rayner, K., & Bertera, J. H. (1979). Reading without a fovea. Science, 206,
468–469.

Rayner, K., Juhasz, B. J., & Brown, S. J. (2007a). Do readers obtain
preview benefit from word n � 2? A test of serial attention shift versus
distributed lexical processing models of eye movement control in read-
ing. Journal of Experimental Psychology: Human Perception & Perfor-
mance, 33, 230–245.

Rayner, K., Li, X., & Pollatsek, A. (2007b). Extending the E-Z Reader
model of eye-movement control to Chinese readers. Cognitive Science,
31, 1021–1034.

Rayner, K., Well, A. D., Pollatsek, A., & Bertera, J. H. (1982). The
availability of useful information to the right of fixation in reading.
Perception & Psychophysics, 31, 537–550.

Rayner, K., White, S. J., Kambe, G., Miller, B., & Liversedge, S. P. (2003).
On the processing of meaning from parafoveal vision during eye fixation
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