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19Semantic information extraction from the parafovea has been reported only in simplified Chinese for a special
20subset of characters and its generalizability has been questioned. This study uses traditional Chinese, which
21differs from simplified Chinese in visual complexity and in mapping semantic forms, to demonstrate access to
22parafoveal semantic information during reading of this script. Preview duration modulates various types
23(identical, phonological, and unrelated) of parafoveal information extraction. Parafoveal semantic extraction
24is more elusive in English; therefore, we conclude that such effects in Chinese are presumably caused by sub-
25stantial cross-language differences from alphabetic scripts. The property of Chinese characters carrying rich
26lexical information in a small region provides the possibility of semantic extraction in the parafovea.
27© 2012 Published by Elsevier B.V.

2829

30

31

32 1. Introduction

33 Reading is a highly complex and automatized task involvingdynamic
34 adjustments of eye movements to visual and language-related proper-
35 ties of the reading material in foveal and parafoveal vision. A current
36 issue is whether semantic information can be extracted from parafoveal
37 words in alphabetic scripts (see Altarriba, Kambe, Pollatsek, & Rayner,
38 2001, and Rayner, Balota, & Pollatsek, 1986, for failure to find such evi-
39 dence in English; see Hohenstein, Laubrock, & Kliegl, 2010, and
40 Hohenstein & Kliegl, submitted for publication, for positive evidence in
41 German). Parafoveal semantic extraction has been reported for simpli-
42 fied Chinese (Yan, Richter, Shu, & Kliegl, 2009; Yan, Zhou, Shu, & Kliegl,
43 2012; Yang, Wang, Tong, & Rayner, 2012). Simplified Chinese is used
44 in mainland China and was designed to simplify character complexity
45 and reduce the number of traditional Chinese characters. However, tra-
46 ditional Chinese is still widely used globally, primarily in Taiwan and
47 Hong Kong. Because of the difference between the two writing systems,
48 parafoveal semantic extraction should not be assumed to be significant
49 in traditional Chinese. This study addresses this question.

50Chinese is an important script, not only because it is used by the
51largest number of people and is one of the oldest languages in
52human history, but also because of fundamental differences from al-
53phabetic scripts. Differing from Western languages such as English
54and German, Chinese is a logographic writing system. Its basic writing
55units, characters, are written in a series of square-shaped forms of the
56same horizontal extent in a passage of text, but of different levels of
57visual complexity (roughly the number of strokes). Chinese orthogra-
58phy lacks explicit word boundaries (such as spaces); thus, the Chi-
59nese written text is a serial string of characters with punctuation,
60but without space to tell readers where a word begins or ends.
61A theoretical understanding of parafoveal information processing
62during reading Chinese has witnessed recent progress. In the bound-
63ary paradigm (Rayner, 1975), with the type of information of the to-
64be-fixated word N+1 available during a fixation on word N under ex-
65perimental control, different preview words are replaced by the tar-
66get word once the eyes cross an invisible boundary located between
67words N and N+1. Preview benefit (PB) is calculated as a positive dif-
68ference between fixation durations on the target word N+1 when
69preview is denied, compared with when different types of preview
70are available during previous fixations. Parafoveal preview benefits
71have been consistently demonstrated for orthographic (Inhoff,
721990) and phonological (Pollatsek, Lesch, Morris, & Rayner, 1992)
73word features in alphabetic script and in simplified and traditional
74Chinese sentence reading studies (Liu, Inhoff, Ye, & Wu, 2002; Tsai,
75Lee, Tzeng, Hung, & Yen, 2004; see Chen & Tsang, submitted for
76publication, for a review).

772. Parafoveal semantic preview benefit in simplified Chinese

78Chinese is particularly well suited for demonstrating semantic par-
79afoveal processing. First, compared to alphabetic languages, Chinese
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80 characters aremappedmore closely tomeaning than to phonology (see
81 Hoosain, 1991, for a summary). Second, most Chinese words are only
82 one or two characters long. Because a Chinese character typically oc-
83 cupies the space of three letters in alphabetic languages (Tsai &
84 McConkie, 2003), on average, word N+1 is closer to the fixation
85 point on word N in Chinese than in alphabetic languages. Third, the ab-
86 sence of inter-word spaces brings the upcoming word into a much less
87 eccentric position compared to alphabetic scripts. These features of Chi-
88 nese scripts facilitate parafoveal processing.
89 The most striking finding of parafoveal processing in Chinese is
90 extracting semantic information from the first parafoveal word to
91 the right of the current fixation (Yan et al., 2009). Such an effect has
92 been consistently elusive in English reading experiments (Altarriba
93 et al., 2001; Rayner et al., 1986). Yan et al. (2009) used visually simple
94 and highly frequent non-compound characters as previews, which
95 are a set of characters composed of single components or radicals.
96 In two subsequent studies, the semantic preview effect was also
97 established with compound characters. Yang et al. (2012) found a
98 cross-experiment interaction between semantic preview benefit and
99 contextual plausibility: the semantic preview benefit measured in
100 single fixation duration (SFD) was stronger when the preview
101 words were plausible from prior sentence context than when they
102 were not. Using a neutral context, Yan, Zhou, et al. (2012) reported
103 a semantic preview benefit “purely” from bottom-up processing
104 without top-down contextual support. They also demonstrated par-
105 afoveal semantic extraction from the radical/sub-lexical level.

106 3. Traditional and simplified Chinese comparison

107 Although simplified Chinese reading consistently reports the se-
108 mantic preview benefit, parafoveal semantic extraction should not
109 be assumed to also exist in traditional Chinese. Modern traditional
110 Chinese characters are adapted and evolved from characters used
111 more than 2000 years ago, retaining structural visual complexity.
112 Mainland China designed a set of simplified Chinese characters in
113 the 1950s to reduce the structural complexity of many traditional
114 Chinese characters and to reduce the number of characters. The sim-
115 plification covered approximately 40% of the characters (Table 1).
116 Over 30% of the simplified characters were a reduction in the number
117 of strokes or structural complexity from traditional Chinese
118 characters.
119 Compared to simplified Chinese, structural complexity can lead to
120 two opposite predictions for extracting parafoveal semantic informa-
121 tion in reading traditional Chinese. First, higher visual complexity
122 may imply a smaller perceptual span (the area within which useful
123 visual information can be extracted during a fixation on word N),
124 and thus, diminish effective parafoveal semantic extraction of words
125 N+1 in traditional Chinese. Alternatively, higher visual complexity
126 also implies that the viable visual structure can be informative for
127 mapping form to semantic, facilitating parafoveal semantic extrac-
128 tion. The benefit of simplification, that is, simplified Chinese, could
129 be traded by the cost of morphological or semantic ambiguity. For ex-
130 ample, 10% of simplified characters involve mapping to multiple (two

131to at most four) traditional characters, increasing semantic/morphe-
132mic ambiguity in simplified Chinese. Certain simplified characters
133are visually similar to other characters that are easily distinguished
134in traditional Chinese. For instance, and are similar to each other
135in simplified Chinese, but the first character is written as in tradi-
136tional Chinese, which is extremely different from . Additional lexical
137representations activated by visually similar entries lead to more
138competitive morphemic information during lexical activation of sim-
139plified Chinese characters. Oppositely, the distinctive structure of tra-
140ditional Chinese can map to morpheme or semantic information with
141less ambiguity. Therefore, semantic access to word N+1 might be di-
142rect and efficient to show a reliable semantic preview effect in read-
143ing traditional Chinese.

1444. Preview duration modulation and preview cost

145In the boundary paradigm, the previews are always either avail-
146able or denied for the entire duration of the fixation prior to the
147boundary. Because fixation durations on the preboundary words N
148are under the readers' control, the traditional measure of preview
149benefit averages trials with different preview durations and may
150mask a duration-dependent time course of parafoveal information ac-
151tivation. Including preview duration as a covariate in a linear mixed
152model [LMM]) allows us to test this potential dependency.
153The traditional term “preview benefit” presupposes that fixation
154durations on target words following random-letter strings or
155unrelated word previews serve as an adequate baseline for identical
156or related preview conditions. Thus, there is an implicit assumption
157that fixation durations in such reference conditions are constant
158across preview duration. However, recent studies have shown that
159this may not be the case: processing random-letter strings or
160unrelated words may interfere with efficient processing of target
161words. Therefore, Yan, Risse, Zhou, and Kliegl (2012) and Kliegl,
162Hohenstein, Yan, and McDonald (2012) introduced the term “pre-
163view cost” when fixation durations or refixation rates on a target
164word increase with fixation duration on the pre-target word (before
165the boundary) in unrelated or non-word conditions. “Savings” in fix-
166ation durations on target words for identical or related over unrelated
167or non-word previews may also be because of combined genuine pre-
168view benefit and preview cost.

1695. Experiment

170Other than identical and unrelated previews, the present experi-
171ment included three critical conditions using characters that were se-
172mantically, orthographically, or phonologically related to the target
173characters. We expected that semantic preview benefit would gener-
174alize from simplified to traditional Chinese script, despite substantial
175differences in visual complexity and morphological/semantic ambi-
176guity. We also tested modulation of preview effects by fixation dura-
177tions on the pre-boundary word.

1786. Method

1796.1. Participants

180Fifty undergraduate and graduate students (M=22.8 years, ranging
181from 18 to 27 years) at National Chengchi University were paid to par-
182ticipate in the experiment. Data froman additional 11 participantswere
183excluded because of either (a) low correct rates of comprehension
184questions (b80%; 2 participants) or (b) over half of the experimental tri-
185als contaminated by blinks or late display change (9 participants) in
186which the display change from preview to target character occurred
187later than 10ms after fixation onset. The participants were all native
188Chinese speakers with normal or corrected-to-normal vision.

Table 1t1:1

Statistics of mapping between traditional Chinese (TC) and simplified Chinese (SC)
characters based on 5619 commonly used traditional Chinese characters.

t1:2
t1:3 TC to SC

mapping
SC
counts

SC
proportion

TC
counts

TC
proportion

Example

t1:4 1 to 1 5,039 94.7% identical 3353 59.67% (凰:凰);(媳:媳)
t1:5 simplified 1686 30.01% (鳳:凤);(媽:妈)

t1:6 2 to 1 264 5.0% simplified 528 9.40% (仆,僕:仆);(佛,彿:
佛)

t1:7 3 to 1 12 0.2% simplified 36 0.64% (係,系,繫:系)

t1:8 4 to 1 4 0.1% simplified 16 0.28% (台,檯,臺,颱:台)
t1:9 total 5,319 total 5619
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189 6.2. Design and materials

190 The 48 sets of target and preview characters were adapted from
191 Yan et al. (2009). All simplified Chinese characters were transformed
192 into traditional Chinese characters, including five types of preview
193 characters for each target character: identical, orthographically relat-
194 ed, phonologically related, semantically related, and unrelated. The
195 proportions of characters transformed from simplified Chinese into
196 traditional Chinese for the preview conditions were 27%, 25%, 21%,
197 31%, and 38%, respectively. In most cases, transformed traditional
198 characters orthographically differed from the matched simplified
199 characters, for example, the traditional character versus the simpli-
200 fied character . Sixteen of 48 characters in the orthographically relat-
201 ed preview condition from Yan et al. (2009) were only valid in
202 simplified Chinese, but not in traditional Chinese. These characters
203 were replaced by new characters that were orthographically similar
204 to the targets; other targets and preview characters were valid after
205 transformation. Character frequency was obtained from Academic
206 Sinica Balanced Corpus (Academia Sinica Balanced Corpus, 2004) in
207 Taiwan (Table 2). No difference existed among preview types for
208 number of strokes and character frequency [All Fsb1].
209 Each target character was embedded as the first character of a
210 two-character word. Two-character target words were identical to
211 Yan et al. (2009) and their mean frequency was 27 per million
212 words according to Academia Sinica Balanced Corpus (2004). All the
213 non-identical characters yielded pseudo-word previews in the para-
214 fovea. The sentences were also identical to Yan et al. (2009), except
215 that seven words were changed to words with similar meanings be-
216 cause of word usage difference between mainland China and Taiwan.
217 Sentence length ranged from 20 to 25 characters (M=22.5) and the
218 target character was located in the range of the 8th to 15th character
219 in a sentence. Participants read each sentence only once, and the five
220 preview types of the 48 targets were approximately counter balanced
221 across participants (Table 3Q4 ).

222 6.3. Apparatus

223 An Eyelink (SR Research, Osgoode, ON, Canada) 1000 eye-tracking
224 system with a sampling rate of 1000 Hz was used to record gaze po-
225 sitions during the experiment. Sentences were displayed on a single
226 line at the middle location at the height of a 19-in. ViewSonic PT795
227 monitor (1024×768 pixels in resolution and 120 Hz in vertical re-
228 fresh rate). The experimental program was implemented in Matlab

229(MathWorks, Natick, MA) using the Psychtoolbox 2.54 (Brainard,
2301997; Pelli, 1997) and the Eyelink toolbox (Cornelissen, Peters, &
231Palmer, 2002) to display the stimuli and to communicate with eye-
232tracker core libraries. Detecting the eye position across the boundary
233took 3 or 4 ms and an additional 8 ms (maximum) to complete a dis-
234play change.
235The sentences were displayed in black on a light gray background.
236The size of each character presented on the screen was 32×32 pixels,
237with a four-pixel space between characters. The viewing distance was
23870 cm, and the character width and the space before it subtended 0.9°
239of the visual angle.

2406.4. Procedure

241Participants were instructed to read sentences normally for com-
242prehension and to answer a comprehension question after some of
243the sentences. After establishing the eye-tracker followed by a 5-
244point calibration procedure, each trial started with a cross at the loca-
245tion of the first character in the sentence as the initial fixation point.
246Once the participants fixated on the cross, the experimenter pressed
247a button to present the sentence on the screen. Prior to the partici-
248pants' eyes crossing the invisible boundary, the preview character
249was presented in the target character location. Fig. 1 shows that
250when the eyes moved over the invisible boundary, the preview char-
251acter was immediately replaced by the target character. The partici-
252pants read each sentence at their own pace and were instructed to
253fixate on a square box at the lower right corner of the screen to indi-
254cate that they had finished reading and understood the sentence. The
255participants then pressed a button to make the sentence disappear,
256and the fixation cross for the next trial appeared. In approximately
25740% of the trials, a comprehension question appeared after the sen-
258tence disappeared. The participants were required to provide a yes
259or no answer as to whether the comprehension question paraphrased
260the sentence they had just read. Participants correctly answered 89%
261of all questions (SD=6%). Every participant was required to read
262144 sentences, including 48 trials and 96 fillers. The overall procedure
263of the experiment was approximately 40–55 min.

2646.5. Data analysis

265Fixations were determined with an algorithm for binocular saccade
266detection (Engbert & Kliegl, 2003). Sentences containing a blink or loss

Table 2t2:1

Means (M) and standard deviation (SD) of frequency and number of strokes for preview and target characters in each condition.
t2:2
t2:3 Preview type

t2:4 Identical/target Orthographic Phonological Semantic Unrelated

t2:5 M SD M SD M SD M SD M SD

t2:6 Example 乘 乖 成 坐 或

t2:7 Pronunciation cheng2 guei1 cheng2 tzuo4 huo4
t2:8 Frequency 1107 1801 871 1665 1414 2146 1268 1803 1136 1690
t2:9 Strokes 7.2 4.1 6.9 4.3 6.5 3.1 7.5 4.8 7.6 4.7

Note. Each target character was embedded in a two-character word, for instance, 乘涼 (translated as shade).t2:10

Table 3t3:1

Means (M) and standard errors (SE) of first-fixation duration (FFD), single-fixation duration (SFD), and gaze duration (GD) on target words.
t3:2
t3:3 Preview type

t3:4 Identical Orthographic Phonological Semantic Unrelated

t3:5 M SE M SE M SE M SE M SE

t3:6 FFD 261 7 294 7 303 7 291 7 301 7
t3:7 SFD 265 8 299 8 315 8 293 8 315 8
t3:8 GD 305 10 361 10 374 10 350 10 370 11
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267 ofmeasurementweredeleted (8%). Analyseswere based on right-eyefix-
268 ations. The fixation duration measures in the analysis included first-
269 fixation durations (FFDs; the first fixation on a word, irrespective of the
270 number of fixations), single-fixation durations (SFDs; cases in which a
271 word was inspected with exactly one fixation), and gaze durations
272 (GDs; the sum of fixations during the first reading of the word).
273 Inferential statistics were based on planned comparisons for the
274 three related and identical previews with the unrelated preview as
275 reference. Estimates were based on a linear mixed model (LMM) for
276 durations and a generalized linear mixed model (GLMM) for skipping
277 with crossed random effects for subjects and items using the lmer
278 program of the lme4 package (Bates & Maechler, 2010) in the R envi-
279 ronment for statistical computing and graphics (R Development Core
280 Team, 2010). Effects larger than twice their standard errors were
281 interpreted as significant at the 5% level (with the number of subjects

282and the large number of observations for each subject, the t-statistic
283[M/SE] effectively corresponds to the z-statistic). Analyses of resid-
284uals and inspection of duration distributions strongly suggested that
285log-transformation was required to meet LMM assumptions. There-
286fore, we used log-transformed durations for LMMs. Analyses for
287untransformed and log-transformed durations yielded the same sig-
288nificance pattern.

2897. Results

2907.1. Skipping and regression rate

291The identical condition had a significantly higher skipping rate
292(M=14%, b=.548, SE=.225, z=2.43, p=.015) and lower regres-
293sion rate (M=5%, b=−1.539, SE=.283, z=5.44, pb .001) than the
294unrelated condition (skipping rate: 9% and regression rate: 18%). Fur-
295thermore, the three related conditions all had (marginally) lower re-
296gression rates than the unrelated condition (M=13%, b=.387,
297SE=.209, z=1.85, p=.064; M=12%, b=.537, SE=.216, z=2.49,
298p=.013 and M=10%, b=.680, SE=.223, z=3.05, p=.002; for the
299orthographic, phonological, and semantic previews, respectively).

3007.2. Preview benefits

301FFDs and SFDs shorter than 60 ms or longer than 600 ms and GDs
302longer than 800 ms were excluded (7% of all valid trials). Trials with
303regressions from words N were excluded (12%) because they might
304reflect incomplete parafoveal processing of previews during fixations
305on pre-target words N. Finally, we excluded the late display-change
306trials in which display change occurred later than 10 ms after fixation
307onset because readers should be more likely to perceive a display
308change or a flash at this time (4%). After the three levels of data
309screening, 1688, 1284, and 1688, observations on the target word
310contributed to the following FFD, SFD, and GD analyses, respectively.

3117.2.1. Identical preview benefits
312Relative to unrelated previews, identical previewbenefitswere highly
313significant in all three duration measures (PB=40ms, b=−.127,
314SE=.022, t=−5.65; PB=51 ms, b=−.161, SE=.026, t=−6.31, and
315PB=65ms, b=−.190, SE=.028, t=−6.80, for FFD, SFD, and GD analy-
316ses, respectively).

3177.2.2. Orthographic preview benefits
318Fixation durations on target words also decreased significantly
319from previewing characters that were orthographically related to
320the targets: There was a significant preview benefit of 16 ms in SFD
321analysis (b=−.056, SE=.026, t=−2.19). The orthographic preview
322benefits in FFD and GD measures were in the expected numerical
323trends, but not statistically reliable [abs(t)-valuesb1.2].

3247.2.3. Phonological preview benefits
325Fixation durations on target words for phonological previews
326were not statistically different from those for unrelated previews
327(PB=−2 ms, b=0.01, SE=0.02, t=0.49; PB=0 ms, b=−0.002,
328SE=0.03, t=−0.08; PB=−4 ms, b=−0.01, SE=0.03, t=0.31,
329for FFD, SFD, and GD analyses, respectively). None of the analyses
330on phonological preview effects were significant.

3317.2.4. Semantic preview benefits
332Fixation durations on target words following semantically related
333previews were estimated to be 23 ms and 19 ms shorter in SFD and
334GD analyses, compared with the unrelated conditions (b=−.074,
335SE=.026, t=−2.83 and b=−.063, SE=.028, t=−2.26). This se-
336mantic preview benefit was not significant for FFDs (t=−1.21).
337The reliable differences between semantically related and unrelated

Identical Preview

*

Orthographically Related Preview

*

Phonologically Related Preview

*

Semantically Related Preview

*

Unrelated Preview

*

Target

N     N+1

*

Fig. 1. An example of Chinese sentences using the boundary paradigm. The target sen-
tence is translated as follows: The doctor reminded the citizens that they should avoid
lush grass when they enjoy evening shade. The preview characters (乘, 乖, 成, 坐 or 或)
occupy the first character position of the target word N+1 and are replaced by the tar-
get character (乘) as soon as the reader's eyes cross the invisible boundary located be-
tween words N (傍晚) and N+1 (乘涼).
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338 preview conditions indicate that parafoveal semantic information ex-
339 traction also exists in traditional Chinese reading.

340 7.3. Preview duration and pre-target word frequency modulation effects

341 The goal of these analyses was to test whether the fixation dura-
342 tion on the pre-target word N modulates preview benefit in reading
343 traditional Chinese. Similar to Kliegl et al. (2012) and Yan, Risse, et
344 al. (2012), these effects translate into interactions between a contin-
345 uous predictor of fixation duration (FFD, SFD, or GD) on pre-target
346 word N and treatment contrasts for semantic, orthographic, phono-
347 logical, and identical previews using the unrelated preview as a refer-
348 ence category in LMMs. Fixation durations on pre-target words were
349 filtered according to the same criteria.
350 Preview benefit may not only depend on preview duration, but
351 also on frequency of the pre-target word. For example, compared to
352 a less frequent pre-target word, a more highly frequent word implies
353 an increased perceptual span because of a lower processing load and
354 is likely to result in a larger preview benefit (Henderson & Ferreira,
355 1990; Kliegl, Nuthmann, & Engbert, 2006; Yan, Kliegl, Shu, Pan, &
356 Zhou, 2010).
357 We report an extendedmodel using GDs on pre-target word N and
358 its frequency as an independent variable (both were log-transformed
359 and centered) and SFDs on target word N+1 as a dependent variable.
360 The trial selection led to 1001 observations. The main effects were
361 evaluated at the mean of the log preview GD and at the mean of the
362 log frequency of the pre-target word. Similar trends (not always sig-
363 nificant) were also present for models using other combinations of
364 dependent and independent variables.

365 7.3.1. Identical preview benefit
366 The main effect of identical preview was highly significant in the
367 extended model (b=−.175, SE=.029, t=−6.03). The identical pre-
368 view benefit (the difference between the lines for unrelated and iden-
369 tical conditions in Fig. 2) was also significantly modulated by preview
370 GD: The identical preview benefit increased significantly with pre-
371 view duration. The null hypothesis that the two lines are parallel
372 was rejected (b=−.161, SE=.074, t=−2.17).

3737.3.2. Preview cost
374The increase in identical preview benefit mainly resulted from an
375increase in SFD on target word N+1 with increasing preview dura-
376tion for the unrelated preview (b=.140, SE=.054, t=2.58). The nu-
377meric decrease in SFD on target word N+1 with increasing preview
378duration for the identical preview was not significant by itself (b=
379−.021, SE=.053, t=−.39). Thus, in line with previous studies
380(Kliegl et al., 2012; Yan, Risse, et al., 2012), the increase in SFD with
381preview duration for unrelated preview condition in this study may
382be interpreted as evidence for a preview cost.

3837.3.3. Phonological preview benefit
384Although the phonological preview benefit was not reliable by it-
385self nor significantly interacted with preview duration, a significant
386three-way interaction existed for phonological preview benefit (b=
387−.083, SE=.032, t=−2.64). As shown in the left panel of Fig. 3,
388the difference between unrelated and phonologically related pre-
389views (the phonological preview benefit) enlarged with increasing
390gaze duration for high-frequency pre-target words (b=−.224,
391SE=.116, t=−1.93), whereas, as shown in the right panel of Fig. 3,
392the preview duration modulation effect on phonological preview
393benefit was unreliable when pre-target words were of low frequency
394(b=.101, SE=.138, t=0.73).

3958. Discussion

396Researchers have reported parafoveal semantic extraction for al-
397phabetic scripts in German, but not in English. The inconsistency
398might be due to language-specific visual features (capitalized initial
399letters of German nouns that might attract attention; Hohenstein et
400al., 2010) or a more regular mapping between orthography and pho-
401nology in German, which presumably facilitates lexical access in an
402orthography-to-phonology-to-semantics route (Hohenstein & Kliegl,
403submitted for publication). In contrast, presumably because of a sub-
404stantial cross-language difference between Chinese and alphabetic
405scripts, such semantic preview benefit has been consistently reported
406in simplified Chinese reading (Yan et al., 2009; Yan, Zhou, et al., 2012;
407Yang et al., 2012). The present study demonstrates (a) access to par-
408afoveal semantic information extending to traditional Chinese, and

Fig. 2. Linear regression of SFD on word N+1 as a function of GD on word N for unrelated (solid), orthographic (short-dashed), phonological (long-dashed), semantic (dot-dashed),
and identical (dotted) character previews using logarithmic scales for both axes. The vertical line indicates the mean log SFD on word N (the value at which main effects are eval-
uated). Between-subject and between-item differences for the dependent variable and covariance in the LMM were removed prior to regressions. The figure was generated with
ggplot2 (Q2 Wickham, 2009).
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409 (b) preview duration modulation effects on various types (identical,
410 phonological, and unrelated) of parafoveal information extraction.

411 8.1. Semantic preview benefit in traditional Chinese

412 Using the boundary paradigm, recent studies have demonstrated
413 reliable semantic preview benefits from word N+1 (Yan et al.,
414 2009; Yan, Zhou, et al., 2012; Yang et al., 2012) and a preview benefit
415 at the morphological level (Yen, Tsai, Tzeng, & Hung, 2008). However,
416 this is the first study to report reliable facilitation of fixation duration
417 because of parafoveal semantic overlap during prior fixations in tradi-
418 tional Chinese reading. Compared with simplified Chinese, the advan-
419 tage for semantic preview benefits in traditional Chinese (less
420 ambiguity in mapping orthography to semantic or phonology)
421 might overcome the disadvantage of heavier decoding caused by
422 the higher visual complexity of characters during parafoveal process-
423 ing. The semantic preview benefit obtained with visually complex
424 characters in traditional Chinese is an important result. Because of
425 the frequency and visual complexity constraints of the material
426 used in Yan et al. (2009), these authors indicated that “generalizabil-
427 ity (of semantic preview benefit) to Chinese characters at large still
428 remains to be established” (p. 564). The present study delivered this
429 result (see also Yan, Zhou, et al., 2012).
430 The present study results also serve as an example to support a re-
431 cent view by Frost (accepted for publication), who argued that a par-
432 ticular language has specific optimization information that the
433 orthographic code conveys. The failure of finding semantic benefit
434 in English might indicate that its orthography has been optimized
435 for extracting phonological—but not semantic—information during
436 language evolution. Both simplified and traditional Chinese are well
437 prepared for early and fast semantic access. Visual and lexical factors
438 may be responsible for the advantage of Chinese semantic processing.
439 At the visual level, a small region occupied by the Chinese character
440 conveys morphological or semantic information. At the lexical level,
441 in many cases, the components or radicals of characters provide cat-
442 egorical meaning for the specific meaning of characters. For example,
443 characters with the radical “ ”mean actions with hands ( for hitting;
444 for stirring). These unique features may facilitate semantic processing
445 when reading Chinese script (Yan, Zhou, et al., 2012).
446 Acquiring useful semantic information from parafoveal visible
447 words has assumed a major role in the current debate on oculomotor
448 models of eye movement control during reading. Extracting semantic
449 information from the parafovea appears to be more compatible with

450guidance from attentional gradient (GAG) models such as SWIFT
451(Engbert, Nuthmann, Richter, & Kliegl, 2005; Schad & Engbert,
4522012), which assumes distributed lexical processing in the perceptual
453span and generally allows semantic extraction to go beyond the cur-
454rently fixated word if the parafoveal words fall into the perceptual
455span. Because of the language-specific characteristics of Chinese
456scripts, our results may not be taken as strong evidence against the
457sequential attention shift (SAS) models such as E-Z Reader (Reichle,
458Pollatsek, & Rayner, 2012), which was developed mainly for English
459reading.

4608.2. Time course of parafoveal information extraction

4618.3. Identical preview benefit
462Identical preview benefit in SFD increased over preview duration.
463This increase in the difference between identical and unrelated pre-
464views was caused by a numeric decrease of duration from identical
465preview and a significant increase of duration from unrelated pre-
466view. With identical previews, readers acquired beneficial and facili-
467tative information during the entire preview duration; the
468accumulation of such information contributed to an increasing identi-
469cal preview benefit over preview duration. The result is in agreement
470with those of Yan, Risse, et al. (2012) and Schroyens, Vitu, Brysbaert,
471and d'Ydewalle (1999), who reported a larger preview benefit on tar-
472get word N+1 with increasing pre-target durations when they pres-
473ented a triad of words with an invisible boundary for display change
474located between the first and second words and a manipulated pre-
475view of word N+1 during pre-boundary fixations on word N.

4768.3.1. Preview cost
477A preview of unrelated characters revealed a significant increase
478in SFD on target words. Such an increase with preview duration likely
479reflects interference with target word processing because of earlier or
480ongoing processing of the unrelated preview. The unrelated preview
481condition has traditionally been considered an adequate baseline for
482computing preview benefit. However, together with recent studies
483(Kliegl et al., 2012; Yan, Risse, et al., 2012), the increasing processing
484difficulty of target words induced by unrelated or non-word previews
485has suggested that classical preview benefits may partially arise as a
486consequence of preview cost associated with long previews.

4878.3.2. Phonological preview benefit
488Phonological preview benefits have been consistently shown in
489GD but not in FFD during reading of Chinese sentences (Liu et al.,
4902002; Tsai et al., 2004; Yan et al., 2009). The present study further
491demonstrated that the phonological preview effect of non-
492compound traditional characters requires both long preview duration
493and high parafoveal processing efficiency afforded by high-frequency
494pre-target words. Conditional phonological preview effects could be
495due to non-compound characters not having phonetic radicals to pro-
496vide phonological information. The present study and the study by
497Yan et al. (2009) may not serve as fair tests on the phonological ef-
498fects in Chinese reading because of the small percentage of non-
499compound characters and the absence of phonological radicals in
500these studies. Effective information extraction from parafoveal radi-
501cals has been shown by both Tsai et al. (2004) and Yan, Zhou, et al.
502(2012). The results obtained by Tsai et al. (2004; Experiment 2) indi-
503cated that the consistency of phonetic radicals to the character's
504sound could affect phonological preview benefit. Similarly, Yan,
505Zhou, et al. (2012) also demonstrated that Chinese readers could ex-
506tract useful semantic information from semantic radicals of the pre-
507view characters. Both studies indicated activation of sub-lexical
508information during parafoveal processing. Further research must in-
509vestigate whether Chinese phonetic and semantic radicals of com-
510pound characters can function to show different sub-lexical preview
511effects interacting with preview time or pre-target frequency.

Fig. 3. Single fixation duration on target words as a function of preview duration for
more frequent (left panel) and less frequent (right panel) pre-target words. Errorbands
show 90% confidence intervals.
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512 9. Conclusion

513 This study reports a reliable semantic preview benefit and preview
514 duration modulation effect on identical and phonological preview ben-
515 efits. The results generalize previous findings of access to parafoveal se-
516 mantic information from simplified to traditional Chinese and extend
517 our understanding of the effects of preview duration on parafoveal in-
518 formation extraction.
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