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中 文 摘 要 ： 本研究計劃執行的兩年期間，就文句脈絡約束與詞彙特性等

因素，探討脈絡預測性、詞頻、詞長、及筆劃數等詞彙特

性，對中文閱讀眼動控制的影響，並建立正體中文的語句眼

動資料庫。第一年的實驗操弄詞頻和語境脈絡可預測性兩個

變項,使用眼動凝視時間與凝視機率來檢驗二者的效果。實驗

結果顯示,詞預測力的主要效果存在於各個凝視指標與略過比

例,而詞頻效果雖也出現在各凝視指標,但在單一凝視時間和

第一凝視時間的效果,明顯較預測力效果為低,而詞頻與詞預

測力之間沒有交互作用的存在。第二年的實驗建立了 160 個

句子的眼動資料庫，並透過施測來計算句子中每個詞彙的脈

絡可預測性；此台北語句資料庫(Taipei Sentence Corpus)

包括了語句中所有詞彙完整的詞頻、詞長、筆劃數、語境可

預測性等特性，以及 50 位受試者閱讀這些句子的眼動資料。

我們分析了在各種眼動指標上的詞彙特性效果，來呈現中文

閱讀機制中詞彙處理與眼動控制之間的關係，並與第一年的

實驗結果互相呼應。整體而言，研究結果顯示，語境脈絡在

中文閱讀不僅扮演重要的角色，其介入也在很早的詞彙處理

階段即發生。 

中文關鍵詞： 中文閱讀、眼動、語境脈絡、語句眼動資料庫 

英 文 摘 要 ：  

英文關鍵詞： Chinese reading, eye movement, contextual 

information, Taipei Sentence Corpus 
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Introduction 
When reading a sentence, readers recognize words by encoding visual and 

lexical information through a series of eye fixations. As more words are sequentially 
recognized along the sentence, the context is built up from integrating the meanings of 
preceding words. Most researchers agree that the contextual information is used for 
linguistic completion and it occurs at the late stage after a word is fully encoded. It 
still has no clear consensus on whether the contextual processing can occurs during or 
before lexical processing. The two key questions in this project are whether the 
bottom-up word encoding can be affects by the top-down contextual constraining and 
how early for such contextual effect can occur when reading Chinese sentences. 

The influence of contextual constraint on word recognition has been examined 
by reading studies manipulating word predictability. Researchers often use a cloze 
task to norm a given word’s predictability from the preceding sentence fragment. In 
one pioneering study, Stanovich and West (1983) reported an word predictability by 
word frequency interaction effect in word naming, showing a larger facilitative effect 
of word predictability for low frequency than high frequency words. The results 
support that contextual predictability can facilitate lexical processing. 

Eye movement studies have demonstrated the contextual predictability effects on 
target word’s fixation durations and probabilities when reading sentences (Balota, 
Pollatsek, & Rayner, 1985; Ehrlich & Rayner, 1981; Inhoff, 1984; Rayner & Well, 
1996). When a word is predictable from the preceding context, the durations of both 
the first-pass without or with regressive fixations are shorter than when it is embedded 
in an unpredictable context. Also predictable words have lower fixation and 
regression rates than unpredictable words. The word predictability effects on the 
first-pass measures imply that the contextual information may involve during or 
before for lexical processing. 

Reading models of eye movement control that emphasize the role of lexical 
processing, e.g., E-Z reader and SWIFT, use word frequency and word predictability 
as important parameters, and have simulated the effects successfully (e.g., Engbert, 
Nuthmann, Richter, & Kliegl, 2005; Reichle, Rayner, & Pollatsek, 2003). For 
example, in the E-Z reader model, lexical processing of a fixating word occurs in two 
stages. The first stage L1 is to preliminarily process the word and is the trigger for an 
eye movement; the second stage L2 is the completion of lexical processing and is the 
trigger for an attention shift to the next word. For both stages, word frequency and 
word predictability are the key parameters to trigger the oculomotor or attentional 
actions. There are a few eye movement studies simultaneously manipulate word 
frequency and word predictability (Altarriba, Kroll, Sholl, & Rayner, 1996; Gollan et 
al., 2011; Miellet, Sparrow, & Sereno, 2007; Rayner, Ashby, Pollatsek, & Reichle, 
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2004; Rayner, Binder, Ashby, & Pollatsek, 2001; Rayner, Reichle, Stroud, Williams, 
& Pollatsek, 2006). These studies consistently found the main effects of word 
frequency and word predictability on duration measures without the interaction effect, 
suggesting the independent influence of word predictability on fixation durations. The 
E-Z reader has successfully simulated the findings with an additive model of word 
frequency and word predictability in the lexical processing stages (Rayner et al., 
2004). 

The word predictability effect on word skipping may suggest the early 
involvement of contextual information on lexical processing. Studies directly 
manipulating word predictability (see Brysbaert & Vitu, 1998 for a review) 
consistently showed that predictable words have the higher skipping rate than 
unpredictable words. Calvo and Meseguer (2002) examined the influences of both 
intrinsic and extrinsic factors (word length and word frequency) on various eye 
movement measures with multiple regression analysis. Contextual predictability 
clearly has an effect on fixation duration and regression rate, having longer fixation 
duration and higher regression rate for unpredictable words than predictable words. 
Kliegl, Grabner, Rolfs, and Engbert (2004) analyzed the eye movement data from 65 
participants in reading 144 sentences of the Potsdam Sentence Corpus (PSC) to 
examine how word length, word frequency, and word predictability affect eye 
movements in reading. An analysis of this corpus-based approach reveals both word 
length and word frequency effects on fixation duration and probability. Word 
predictability also affects fixation probability and later duration measures. Apparently, 
contextual constraints are not only effective in subsequent text integration, but also in 
earlier lexical processing to cause word skipping. In the E-Z reader model, word 
skipping happens when a word’s lexical processing is complete and the subsequent 
saccade programming to the next word has started. In the SWIFT model, word 
skipping happens when the activation field of the word is too low to be selected as the 
saccade target. Both models suggest that word predictability influences word’s lexical 
processing when it is parafoveally previewed. 

Some studies manipulating word frequency and word predictability propose the 
possible mechanism of contextual influence on parafoveal preview. Rayner et al. 
(2004) reported a higher skipping rate for predictable high frequency words than low 
frequency or unpredictable words. They suggested that the identified unpredictable 
words might have trouble in integrating their meanings with the context, which 
immediately results in the cancellation of some saccades. Therefore, the postlexical 
integration of a word’s meaning can have a rapid effect on the skipping rate of the 
word. A recent research shows the word frequency and word predictability interaction 
on duration measures when considering the launch distance, which is the distance 
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from the space before the target to the location of the preceding pretarget fixation 
(Hand, Miellet, O'Donnell, & Sereno, 2010). In their analysis, when using the launch 
distance from target words as an additional factor, the interaction effect was 
significant in both the Near (1 to 3 characters) and Middle (4 to 6 characters) analyses, 
but in different patterns. The word predictability effect was stronger for low 
frequency words than high frequency words at the Near launch site, but the effect was 
stronger for high frequency words than low frequency words. Hand et al. (2010) 
suggested that the quality of parafoveal preview, indexing by launch distance, should 
be incorporated into eye movement models to show the underlying process in reading. 
However, the opposite patterns of the interaction of word predictability and word 
frequency at the Near and Middle launch sites are hard to be reconciled in a same 
process underlying parafoveal preview.  

Modern Chinese sentences consist of horizontally-arrayed strings of characters, 
going from left to right. Chinese characters can be regarded as perceptual units 
because of their spatial structure and language function. As for spatial arrangement, 
each character occupies a rectangular region of the same size, and characters are 
separated by space of an equal size, whether the characters are part of the same word 
or different words. The structure of a character can be further decomposed into 
component radicals, or even further, into a series of individual strokes. Since these 
radicals and sets of strokes are all contained within a compact area, characters have 
the appearance of integrated, isolated visual objects (Tsai & McConkie, 2003). As for 
linguistic function, Chinese characters are the basic written units of the spoken 
language and usually map onto morphemes and syllables in the modern system. At the 
word level, characters are the constituents of Chinese words; some words are 
monomorphemic (one character) and others are polymorphemic (two or more 
characters, often referred to as compound words). According to the Chinese word 
corpus of Academia Sinica Taiwan (2004), over 76% of the words (type) consist of 
two or three characters. Regarding the word token frequency, the occurrences of 
words containing one and two characters are 54% and 42%, respectively (Yen, 
Radach, Tzeng, Hung, & Tsai, 2009). Many characters can stand alone as individual 
words or be a part of compound words. For the constituent characters of words, some 
characters can occur in one word and some can occur in many words. In addition, 
while characters have meanings as words or morphemes, their relationships to the 
meanings of words containing them are often not apparent. During the reading of a 
sentence, there are sometimes ambiguities in extracting words from a string of 
characters. Word segmentation in a sentence is even more difficult for readers 
because there is no visual space separating the words, unlike most alphabetic 
languages. Therefore, there is a need of contextual information to efficiently 
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disambiguate word boundaries and word meanings in reading Chinese sentences. 
Eye movement studies have demonstrated Chinese word frequency and word 

predictability effects separately. Readers skip more and have a shorter fixation 
duration on high frequency than low frequency words (Tsai, Lee, Lin, Tzeng, & Hung, 
2006; Yan, Tian, Bai, & Rayner, 2006; Yang & McConkie, 1999). The size of word 
frequency effect in Chinese is comparable to that found in English (Yan et al., 2006). 
Regarding the contextual effect, Rayner et al. (2005) used the same design of Rayner 
and Well (1996), manipulating target words with high, medium, or low predictability 
from the prior context. They found that Chinese readers have a similar eye movement 
pattern for both fixation duration and probability. The gaze duration was longer and 
the skipping rate was higher for low-predictable words than the medium and 
high-predictable words. These results demonstrate that Chinese readers utilize 
contextual information for reading as English readers do. However, the pattern of 
word skipping is different from Rayner and Well (1996), who observed the word 
skipping effect of English readers only when the target word was highly predictable. 
This difference can be explained by the fact that Chinese characters are closer to 
fixation before a possible skipping in Chinese than in English (Rayner et al., 2005). 

The goal of the first year project is to investigate the extent of which word 
frequency and word predictability influence Chinese readers’ eye movements during 
sentence reading. Previous studies have demonstrated the interplay of these two 
factors on fixation durations and fixation probability for English and French readers 
(Hand et al., 2010; Miellet et al., 2007; Rayner et al., 2004) but not for Chinese 
readers. Orthogonal manipulation provides the opportunity to examine the separate 
effects of word frequency and word predictability on fixation duration and probability, 
and their possible interaction. The processing ambiguity resulting from no word 
segmentation space and character to word orthography suggests that Chinese readers 
may show relatively stronger effect of word predictability than word frequency. 
However, it is difficult to make a clear prediction for the interaction effects since 
previous findings are controversial. The word frequency and word predictability 
effects could shed light on how the intrinsic lexical property of lexical familiarity and 
the extrinsic property of contextual predictability affect the eye movement control in 
reading Chinese sentences. 

The goal of the second year project is to build a Traditional Chinese Sentence 
corpus of eye movements (Taipei Sentence Corpus, TSC), consisting of 160 sentences. 
We have collected information about the predictability of all words of the TSC (given 
the prior sentence context) with a continuous predictability rating procedure. Then, 
eye movements of fifty participants reading these sentences were recorded and 
analyzed with linear mixed models. The effects of word predictability, word 
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frequency, word length, and word complexity on eye movement measures were 
examined. Both experimental and statistical-control approaches of the present 
two-year project aim at revealing the role of contextual information in Chinese 
reading. 
 
Year 1: Word Frequency and Predictability Effects on Eye Movements of 
Reading Chinese Sentences 
 
One experiment was conducted to determine how word frequency and word 
predictability affects eye movements in the reading of Chinese sentence. The word 
predictability effect was observed on fixation durations and probabilities and it was 
more reliable than the word frequency effect. All eye movement measures showed no 
interaction between word frequency and predictability. When considering the launch 
distance as an additional factor, the predictability effects increased when launch site 
was closer to the target. These results suggest that contextual predictability has an 
influence on reading Chinese in both early word recognition and late text integration 
stages. Furthermore, the interplay of word predictability and launch site indicates the 
use of contextual information in parafoveal preview for the demand of word 
processing in the language. 
1.1.Method 

1.1.1 Participants. Thirty-two college and graduate students (M = 22.4 years, 
range: 18-29 years) at National Chengchi University were paid to participate in the 
experiment. All participants were Chinese native speakers with normal or 
corrected-to-normal vision.  

1.1.2. Materials and Design. The frequency and contextual predictability of the 
target word were manipulated in a 2 by 2 factorial design. One hundred two-character 
words were chosen as target words from a Chinese corpus (2004). Half of the target 
words were high-frequency (HF) words, and half of the target words were 
low-frequency (LF) words. The mean of word frequency per million was 91.25 (Max: 
294.07; Min: 13.84) for high-frequency target words and 1.59 (Max: 7.27; Min: 0.23) 
for low-frequency target words (Table 1.1). 

Two-hundred Sentences which contain 25 or 26 characters were generated and a 
target word was embedded at the 11th to 16th character positions of each sentence. 
Two sentences were constructed for each target word. In one of the sentences, the 
target was predictable from the preceding context, whereas in the other sentence, the 
target was unpredictable from the preceding context. Target predictability was 
assessed by a group of twenty participants who did not participate in the eye 
movement experiment. The participants were presented with sentence fragments 
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preceding the target words and were asked to fill in a word that first came to their 
mind to complete each sentence fragment. The predictability value was calculated 
based on the proportion of raters (out of 19) who filled in the target words as their 
first answers. The mean cloze probability value was .80 for high- frequency 
predictable target words, .75 for low-frequency predictable target words, and .01 for 
both high frequency and low frequency unpredictable targets. Four lists were created 
to counterbalance the predictability and frequency of the target word in each sentence. 
Each participant read one list of 100 sentences, in which half of the target words were 
predictable and the other words were unpredictable. For each type of predictability, 
half of the target words were high frequency and half were low frequency. 
 
Table 1.1: Means of word frequency and predictability of target words and example 
sentences for each condition 

Condition Word 
Frequency 

Word 
Predictability 

Example Sentences 

HF 
P 91.25 0.80 

這個風景名勝區每年都吸引許多遊客

到此來欣賞美麗景緻	 

UP 91.25 0.01 
小時候常去的古厝如今只留下遊客丟

棄的垃圾及滿屋的塗鴉	 

LF 
P 1.59 0.75 

亞馬遜河流域因擁有廣大的熱帶雨林

而成為生態中的瑰寶	 

UP 1.59 0.01 
林教授貢獻一生的心力在探索雨林的

生態及其可用的資源	 

Note. The unit of word frequency is in occurrence per million words, word 
predictability in percentage. Target words are highlighted with bolds and underlines in 
the example sentences. HF = high frequency; LF = low frequency; P = predictable; 
UP = unpredictable. 

 
1.1.3. Apparatus. Eye movements were recorded using an Eyelink 1000 eye 

tracker manufactured by SR Research Ltd.. The sampling rate was 1000 Hz. The 
reading material was displayed on a 19-inch ViewSonic CRT monitor. The characters 
were displayed in black on a light gray background. The screen resolution of the 
display monitor was 1024 × 768 pixels. Sentences were displayed on a single line. 
The size of each character presented on the screen was 32 × 32 pixels, and there was a 
space of 4 pixels between characters. The viewing distance was 70 centimeters and 
the width of a character and the space before it subtended 0.9 degree of visual angle. 

1.1.4. Procedure. Participants were instructed to read sentences normally for 
comprehension and to answer a comprehension question after some of the sentences. 
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After setting up the eye camera followed by a 5-point calibration procedure, four 
practice trials were presented to ensure that the participants were familiar with the 
task. Each trial started with a cross presented at the location of the first character of 
the sentence as the initial fixation point. Once the participants fixated on the cross, the 
experimenter pressed a button to present the sentence on the screen. The participants 
read each sentence at their own pace and were instructed to fixate on a square box at 
the lower right corner of the screen to indicate that they had finished reading and 
understood the sentence. The participants then pressed a button to make the sentence 
disappear, and the fixation cross for the next trial appeared. In approximately 40% of 
the trials, a comprehension question appeared after the sentence disappeared. The 
participants had to provide a yes or no answer about whether the comprehension 
question paraphrased the sentence they had just read. There were four blocks, each of 
which contained 2 filler sentences followed by 25 experimental sentences. The total 
experiment took about one hour to complete. 
1.2. Results 

Four types of fixation durations on the target words were calculated. First 
fixation duration (FFD) is the duration of the first fixation on a word in the first-pass 
reading, and is independent of the number of fixations on the word. Gaze duration 
(GD) is the sum of durations of all first-pass fixations on a word prior to leaving for 
another word. Single fixation duration (SFD) is the duration of the fixation on a word 
that received only one fixation in the first-pass reading. Total viewing time (TVT) is 
the sum of durations of all fixations on a word including rereading. Two measures of 
fixation probabilities were calculated during the first pass: the skipping rate and 
refixating rate of the target. Trials (3.4%) in which participants blinked while fixating 
on the target or the target was fixated at the beginning or end of trial were excluded. 
Viewing durations shorter than 80 ms or longer than 800 ms were excluded (1.3%) 
from analysis. Table 1.2 shows the grand means of the fixation durations and 
probabilities on the target words for each condition. A linear mixed model (LMM; 
Baayen, 2008; Baayen, Davidson, & Bates, 2008) was performed for the effects of 
word frequency and predictability on each eye movement measure, treating the 
participants and items as random effects. The analyses were conducted using the lmer 
program of the lme4 package (Bates & Maechler, 2010) in the R system (R 
Development Core Team, 2010). The estimated effect size (b), standard error (SE), 
and t value were reported for each effect. The b value larger than 2 standard errors (t > 
2) was interpreted as a significant effect. The reported statistics for fixation durations 
were obtained from the analysis of the log-transformed data in order to meet the 
LMM assumptions. 
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Table 2: Mean fixation Durations and Probabilities (Standard Error) on target words 
for each condition 
 High Frequency Low Frequency 
 Predictable Unpredictable Predictable Unpredictable 
  Fixation Duration (ms)  
SFD 245(3.72) 256(3.69) 250(3.74) 264(4.08) 
FFD 247(3.60) 254(3.40) 251(3.50) 263(3.60) 
GD 266(4.64) 276(4.45) 278(4.59) 300(4.90) 
TVT 294(6.18) 308(5.79) 319(7.19) 348(7.30) 
  Fixation Probability (%)  
Skipping rate  0.25(0.02) 0.22(0.01) 0.22(0.01) 0.18(0.01) 
Refixation rate 0.09(0.01) 0.10(0.01) 0.14(0.01) 0.18(0.02) 
Note. FFD = first fixation duration; SFD = single fixation duration; GD = Gaze 
Duration; TVT = total viewing time. 

 
Target Fixation Durations. The analysis of target fixation durations was based 

on 2446, 2132, 2435, and 2570 observations for FFD, SFD, GD, and TVT, 
respectively. All measures showed shorter target fixation durations for high frequency 
or predictable words than low frequency or unpredictable words (Fig. 1). The word 
frequency effect (high frequency vs. low frequency) was marginally significant for 
FFD and SFD (FFD: 251 vs. 257ms, b = -.03, SE = .02, t = -1.74; SFD: 250 vs. 
257ms, b = -.03, SE = .02, t = -1.83) and significant for GD and TVT (GD: 272 vs. 
289ms, b = -.06, SE = .02, t = -3.39; TVT: 302 vs. 334ms, b = -.08, SE = .02, t = 
-3.44). The predictability effect (predictable vs. unpredictable) was significant for all 
types of duration measures (FFD: 249 vs. 259ms, b = -.04, SE = .01, t = -3.72; SFD: 
248 vs. 260ms, b = -.05, SE = .01, t = -4.15; GD: 272 vs. 288ms, b = -.06, SE = .01, t 
= -4.32; TVT: 307 vs. 329ms, b = -.07, SE = .02, t = -4.45). There was no interaction 
effect of word frequency and word predictability for all duration measures. 

Target Fixation Probabilities. The analysis of target fixation probabilities was 
based on 3172 and 2470 observations for the skipping rate and refixation rate, 
respectively. High frequency or predictable words generally showed higher skipping 
rate and lower refixation rate than low frequency or unpredictable words. The word 
frequency effect (high frequency vs. low frequency) was significant for both skipping 
and refixation rates [Skipping: 24 vs. 20%, b = .23, SE = 0.1, z = 2.26, p < .05; 
Refixation: 10 vs. 16%, b = -.65, SE = .13, z = -4.9, p < .01]. The predictability effect 
(predictable vs. unpredictable) was significant for the skipping rate [24 vs.20%, b 
= .21, SE = .09, z = 2.40, p < .05] but insignificant for the refixation rate [12 vs. 14%, 
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b = -.2, SE = .13, z = -1.52, p = .13]. None of the interaction effects were significant 
for probability measures. 

 

 
Figure 1: Mean fixation durations of the first fixation duration (FFD), single fixation 
duration (SFD), gaze duration (GD), and total viewing time (TVT) as a function of 
word frequency and word predictability. 
 
Year 2. Eye movement corpus of Traditional Chinese reading: Taipei Sentence 
Corpus 
 

The build of Taipei Sentence Corpus (TSC) contains one norming experiment 
and one sentence reading experiment with eye movement recorded. In the norming 
experiment, a continuous rating protocol was implemented independently to collect 
the predictability values of 2241 words that compose the 160 sentences of TSC. The 
eye movements of 50 Chinese readers were recorded while the reading of the TSC 
sentences. This corpus approach has the advantage to simultaneously assess effects of 
a large set of predictors for large data sets with many subjects, many items, and many 
observations per subject (Kliegl, 2007). The analysis of TSC allows researchers not 
only to explore how all kinds of language properties influence various eye movement 
indices for Chinese reading, but also to compare the larger data sets across language 
scripts. 
 
2.1 Continuous Predictability Rating (CPR) 
 
2.1.1 Method 
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2.1.1.1 Participants. Fifty college or graduate students (31 females; age: M = 
22.24, SD = 3.37) from universities in Taipei were paid to participate in the 
experiment. All participants were native Chinese speakers with normal or 
corrected-to-normal vision. 

 
2.1.1.2 Materials. One hundred and sixty sentences were generated. Each 

sentence contained 10 to 19 words (M = 14.9, SD = 1.6) composed of total characters 
in the range of 20 to 26 (M = 22.3, SD = 1.7). There were 2241 words / 3571 
characters in the 160 sentences. 

  
2.1.1.3 Procedure. The continuously predictability rating was done by a 

computerized program with Matlab Graphic User Interface (GUI) functions (Figure 
2.1). In the beginning of rating a sentence, participants guessed and typed the first 
word of the unknown original sentence. In returned, the computer presented the first 
word of the original sentence on the screen. Following this presented word, 
participants typed their guess for the second word and so on, until the last word of the 
sentence was showed. The procedure took about 2.5 hour to complete all words of 
160 sentences. 

 

 

Figure 2.1. An illustration of the continuous rating procedure. 
2.1.2 Results 

Excluding the first word of each sentence, word predictabilities range from 0 to 1 
with a mean (SD) predictability of 2.74(0.91). These probabilities were submitted to a 
logit transformation. Logits are defined as .5*log(pred/(1-pred)); predictabilities of 
zero were replaced with 1/(2*50) = -2.3 and the perfectly predicted words with 
(2*50-1)/(2*50) = +2.3; the mean (SD) logit predictabilities is -15.58(1.23). Words 
with predictability larger than .50 yield positive logits, and words with predictabilities 
smaller than .50 yield negative logits. 
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2.2 The eye movements of reading Taipei Sentence Corpus (TSC) 
2.2.1Method 

2.2.1.1 Participants Forty-eight college or graduate students (33 females; age: M 
= 22.67, SD = 3.55) from universities in Taipei were paid to participate in the 
experiment. All participants were native Chinese speakers with normal or 
corrected-to-normal vision. 

2.2.1.2 Apparatus. Eye movements were recorded by an EyeLink 1000 Desktop 
Mounting Eye Tracker manufactured by SR Research. The sampling rate was 1000 
samples per second. The sentences were displayed on a ViewSonic Professional 
Series PT975 monitor. The size of a character presented on the screen was 32 x 32 
pixels, and there was a space of 4 pixels between characters. The viewing distance 
was 70 centimeters. 

2.2.1.3 Materials. There were 2241 words / 3571 characters in the 160 sentences. 
Word properties including word frequency, word length, and word strokes were 
acquired from Academia Sinica Balanced Corpus (2004). The word predictability 
values were obtained from the CPR protocol of the norming study described in 
session 2.1. The descriptive statistics were summarized in Table 2.1. 

Log word frequency. All words but the first words of each sentence (2079 words) 
were categorized into five logarithmic frequency classes: class 1 (1-10 per million): 
103 words; class 2 (11-100 per million): 418 words; class 3 (101-1000 per million): 
565 words; class 4 (1001-10000 per million): 478 words; class 5 (10001-max per 
million): 515 words.  

Word length. The range of word length in the TSC sentences was from 1 to 4 
characters (M = 1.6, SD = 0.6). Excluding the first word of each sentence (excluding 
160 words), the occurrence of word length 1 to 4 are 934, 1069, 54 and 22. 

Logit word predictability. The predictability was log-transformed with 
0.5*log(pred/(1-pred)). The predictability of zero were replaced with 1/(2*48), and 
that of one was replaced with (2*48-1)/(2*48). The range of logit-based predictability 
was from -2.298 to 2.298. Excluding the first word of each sentence, all words were 
categorized into five logit-based predictability classes: class 1 (-2.298 to -1.5): 1088 
words; class 2 (-1.5 to -1.0): 168 words; class 3 (-1.0 to -0.5): 240 words; class 4 (-0.5 
to 0): 219 words; class 5 (0 to 2.298): 364 words. Upper boundaries of each 
predictability class from 1 to 5 were 0.04, 0.1, 0.26, 0.5 and 1. 

Word stroke. All words but the first words of each sentence, including one- to 
four-character words, were divided into five stroke classes: class 1 (1 to 8): 691 words; 
class 2 (9 to 16): 595 words; class 3 (17 to 24): 511 words; class 4 (25 to 32): 216 
words; class 5 (33 to 62): 66 words.  
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Table 2.1 Descriptive statistics of word length, word frequency, word stroke and 
word predictability in TSC. 
 Counts Min Max Mean SD 
word length 2239 1 4 1.59 0.60 
word frequency 2239 0.23 61847.11 8154.10 19141.81 
word predictability 2239 0 1 0.20 0.30 
word stroke 2239 1 62 14.67 8.51 
 

2.2.1.4 Procedure. Prior to the experiment, a nine-point calibration procedure 
was used for each participant. This procedure was to determine the correspondence 
between pupil position and gaze position. A validation procedure was performed after 
the calibration procedure to check the accuracy in the prediction of gaze position from 
pupil position. The calibration and validation procedure will be performed again when 
inaccuracy exceeds 0.4 degree of visual angle. After the validation procedure, two 
practice trials were presented and followed by four blocks of experimental series. 
Each block had 2 fillers and 40 experimental sentences. At the beginning of each trial, 
a small cross was shown at the left-most position of the sentence. The participant was 
asked to fixate on the cross first. The experimenter pressed a button to accept the 
fixation and then the sentence was shown. The participant pressed a button while 
comprehending the meaning of the sentence. A comprehension question followed 
one-third of the sentences. The experiment took about one hour to complete. 
 
2.2.2 Results 

The analyses include four duration measures as the dependent variables for all 
words in TSC sentences, the duration of first fixation on a word (first-fixation 
duration, FFD), the duration fixated exactly once (single-fixation duration, SFD), the 
sum of duration fixated on a word (gaze duration, GD), and the total viewing time 
(TVT). Any measure containing a blink or loss event was discarded. Durations were 
log-transformed, while the probabilities were estimated by a binomial test. The linear 
mixed models (LMM; Baayen, 2008; Baayen et al., 2008) were performed for the 
effects of the categorized classes for word frequency, predictability, number of 
strokes, and word length on each eye movement measure, treating the participants and 
items as random effects. The lexical factors of current word (Wordn), the previous 
word (Wordn-1), and the next word (Wordn+1), were included in the models to show 
the effects on eye movement measures of the current words. The analyses were 
conducted using the lmer program of the lme4 package (Bates & Maechler, 2010) in 
the R system (R Development Core Team, 2010). The estimated effect size (b), 
standard error (SE), and t value were reported for each effect. 



13 
 

Figure 2.2 to 2.5 show the main effects of four word properties of Wn-1 , Wn, and 
Wn+1 on the present word’s first fixation duration(FFD), single fixation duration(SFD), 
gaze duration(GD) and total viewing time(TVT). 

 

 
Figure 2.2. Word frequency effects of Wn-1, Wn, and Wn+1 on the current word's FFD, 
SFD, GD, and TVT. 
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 Figure 2.3. Word length effects of Wn-1, Wn, and Wn+1 on the current word's FFD, 
SFD, GD, and TVT. 
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Figure 2.4. Word stroke effects of Wn-1, Wn, and Wn+1 on the current word's FFD, SFD, 
GD, and TVT. 
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Figure 2.5. Word predictability effects of Wn-1, Wn, and Wn+1 on the current word's 
FFD, SFD, GD, and TVT. 
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 Word Frequency. FFD, SFD, GD and TVT of high frequency words on Wn were 
shorter than low frequency words, showing the robust immediacy effects of word 
frequency. The TVT showed a weak lag effect from Wn-1. (Table 2.2). 

 
Table 2.2 LMM Analysis of word frequency for FFD, SFD, GD, and TVT.  

            
Measures 

Wn-1 Wn Wn+1 
Esti. SE t Esti. SE t Esti. SE t 

FFD 

Class2 - Class1 0.00 0.01 -0.56 0.03 0.01 -4.41 0.00 0.01 0.66 
Class3 - Class1 0.01 0.01 -2.49 0.05 0.01 -7.62 0.00 0.01 -0.32 
Class4 - Class1 0.00 0.01 0.30 0.07 0.01 -7.52 0.01 0.01 -1.31 
Class5 - Class1 0.00 0.01 0.04 0.14 0.03 -4.13 0.01 0.01 -1.76 

SFD 

Class2 - Class1 0.00 0.01 -0.65 0.03 0.01 -4.30 0.00 0.01 0.38 
Class3 - Class1 0.01 0.01 -2.24 0.05 0.01 -7.69 0.00 0.01 -0.39 
Class4 - Class1 0.00 0.01 0.33 0.07 0.01 -7.29 0.01 0.01 -1.40 
Class5 - Class1 0.00 0.01 0.66 0.14 0.03 -3.98 0.02 0.01 -2.32 

GD 

Class2 - Class1 0.00 0.01 -0.54 0.06 0.01 -7.85 0.01 0.01 -1.23 
Class3 - Class1 0.01 0.01 -1.14 0.11 0.01 -12.16 0.01 0.01 -1.41 
Class4 - Class1 0.00 0.01 0.24 0.16 0.01 -12.46 0.02 0.01 -2.61 
Class5 - Class1 0.01 0.01 0.97 0.23 0.05 -5.11 0.01 0.01 -0.61 

TVT 

Class2 - Class1 0.02 0.01 -2.19 0.10 0.01 -8.20 0.01 0.01 -0.77 
Class3 - Class1 0.01 0.01 -1.40 0.16 0.01 -11.35 0.02 0.01 -2.34 
Class4 - Class1 0.00 0.01 0.10 0.26 0.02 -12.85 0.02 0.01 -2.08 
Class5 - Class1 0.02 0.01 -1.91 0.37 0.08 -4.80 0.01 0.01 -0.95 

Note. 1. Esti. = Estimate; 2. Word frequency is classified as five classes: class 1(1-10 
per million), class 2 (11-100 per million), class 3 (101-1000 per million), class 4 
(1001-10000 per million), class 5 (10001-max per million). 

 
Word Length. GD and TVT increased with word length on Wn, showing the 

immediacy effects of word length. In addition, somewhat unexpected, the reversed lag 
effects of word length were observed. That is, the duration of the currently fixated 
word was longer when the previous word length was short than when that is long 
(Table 2.3). No successor effect was observed for word length. 
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Table 2.3 LMM Analysis of Word Length for First Fixation Duration, Single Fixation 
Duration, Gaze Duration and Total Viewing Time 

            
Measures 

Wn-1 Wn Wn+1 
Esti. SE t Esti. SE t Esti. SE t 

FFD 
Class2 - Class1 0.02 0.00 -4.06 0.00 0.01 -0.37 0.00 0.00 0.57 

Class3 - Class1 0.04 0.01 -3.11 0.02 0.01 -1.43 0.02 0.01 1.87 

Class4 - Class1 0.01 0.02 -0.55 0.02 0.02 -0.72 0.02 0.02 -1.22 

SFD 
Class2 - Class1 0.02 0.00 -4.32 0.00 0.01 -0.63 0.00 0.00 0.95 

Class3 - Class1 0.04 0.01 -2.99 0.03 0.02 -1.84 0.02 0.01 1.67 

Class4 - Class1 0.01 0.02 -0.77 0.01 0.03 -0.33 0.02 0.02 -1.29 

GD 
Class2 - Class1 0.02 0.01 -4.25 0.06 0.01 6.49 0.00 0.01 -0.03 

Class3 - Class1 0.04 0.02 -2.83 0.15 0.02 8.26 0.01 0.01 0.65 

Class4 - Class1 0.02 0.02 -0.68 0.31 0.03 10.85 0.03 0.02 -1.22 

TVT 
Class2 - Class1 0.03 0.01 -5.04 0.13 0.01 9.97 0.01 0.01 -1.96 

Class3 - Class1 0.05 0.02 -2.81 0.29 0.03 10.11 0.00 0.02 0.02 

Class4 - Class1 0.05 0.03 -1.80 0.43 0.04 9.94 0.00 0.03 0.03 

Note. 1. Esti. = Estimate; 2. Word length is classified as four classes: class 1(1 
character), class 2 (2 characters), class 3 (3 characters), class 4 (4 characters), class 5 
(5 characters). 

 
Word Stroke. FFD, SFD, GD and TVT of Wn with large stroke number were 

longer than word with small stroke number, showing the robust immediacy effects of 
word strokes. Similar to word length, the reversed lag effects of word strokes were 
observed in all duration indices (Table 2.4). No successor effect of word strokes was 
found. 

Logit Word Predictability. FFD, SFD, GD and TVT of highly predictable Wn 
were shorter than low predictable words, showing the robust immediacy effects of 
word predictability. The TVT showed a lag effect of word predictability. The reversed 
successor effect was observed on FFD, SFD, and GD (Table 2.5). 
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Table 2.4 LMM Analysis of Word Stroke for First Fixation Duration, Single Fixation 
Duration, Gaze Duration and Total Viewing Time 

            
Measures 

Wn-1 Wn Wn+1 
Esti. SE t Esti. SE t Esti. SE t 

FFD 

Class2 - Class1 0.00 0.00 -0.92 0.02 0.01 2.02 0.00 0.00 0.77 

Class3 - Class1 0.02 0.01 -3.96 0.03 0.01 3.52 0.00 0.01 0.82 

Class4 - Class1 0.02 0.01 -2.43 0.05 0.01 4.55 0.00 0.01 0.08 

Class5 - Class1 0.03 0.01 -3.07 0.05 0.01 3.89 0.00 0.01 0.20 

SFD 

Class2 - Class1 0.01 0.01 -1.10 0.02 0.01 1.95 0.00 0.01 0.81 

Class3 - Class1 0.02 0.01 -4.12 0.03 0.01 3.36 0.01 0.01 0.95 

Class4 - Class1 0.02 0.01 -2.95 0.05 0.01 4.72 0.00 0.01 0.61 

Class5 - Class1 0.04 0.01 -3.21 0.06 0.01 3.87 0.00 0.01 0.17 

GD 

Class2 - Class1 0.01 0.01 -0.97 0.05 0.01 4.00 0.00 0.01 -0.11 

Class3 - Class1 0.03 0.01 -4.09 0.09 0.01 7.85 0.00 0.01 0.21 

Class4 - Class1 0.02 0.01 -2.87 0.13 0.01 9.69 0.00 0.01 0.20 

Class5 - Class1 0.05 0.01 -3.53 0.21 0.02 11.56 0.01 0.01 -0.54 

TVT 

Class2 - Class1 0.00 0.01 -0.51 0.07 0.02 4.05 0.01 0.01 -1.05 

Class3 - Class1 0.02 0.01 -2.59 0.16 0.02 9.39 0.00 0.01 -0.29 

Class4 - Class1 0.04 0.01 -3.50 0.21 0.02 10.71 0.00 0.01 -0.39 

Class5 - Class1 0.04 0.02 -2.51 0.33 0.03 11.85 0.00 0.02 -0.02 

Note. 1. Esti. = Estimate; 2. Word stroke is classified as five classes: class 1(1 to 8), 
class 2 (9 to 16), class 3 (17 to 24), class 4 (25 to 32), class 5 (33 to 62). 
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Table 2.5 LMM Analysis of Word Predictability for First Fixation Duration, Single 
Fixation Duration, Gaze Duration and Total Viewing Time 

            
Measures 

Wn-1 Wn Wn+1 
Esti. SE t Esti. SE t Esti. SE t 

FFD 

Class2 - Class1 0.01 0.01 0.86 0.02 0.01 -2.48 0.01 0.01 1.34 

Class3 - Class1 0.01 0.01 -2.16 0.01 0.01 -2.37 0.01 0.01 0.95 

Class4 - Class1 0.00 0.01 0.45 0.02 0.01 -3.34 0.01 0.01 1.49 

Class5 - Class1 0.01 0.01 -1.61 0.03 0.01 -4.63 0.01 0.01 2.44 

SFD 

Class2 - Class1 0.01 0.01 1.11 0.02 0.01 -2.57 0.01 0.01 1.14 

Class3 - Class1 0.01 0.01 -1.86 0.01 0.01 -2.21 0.00 0.01 0.67 

Class4 - Class1 0.00 0.01 0.43 0.02 0.01 -3.15 0.01 0.01 1.76 

Class5 - Class1 0.01 0.01 -0.93 0.04 0.01 -4.67 0.01 0.01 2.29 

GD 

Class2 - Class1 0.00 0.01 -0.03 0.02 0.01 -1.97 0.01 0.01 1.44 

Class3 - Class1 0.01 0.01 -1.83 0.02 0.01 -2.56 0.00 0.01 0.10 

Class4 - Class1 0.00 0.01 0.46 0.03 0.01 -3.31 0.01 0.01 0.71 

Class5 - Class1 0.01 0.01 -1.13 0.04 0.01 -4.60 0.02 0.01 3.33 

TVT 

Class2 - Class1 0.01 0.01 -1.13 0.04 0.01 -3.83 0.02 0.01 -1.36 

Class3 - Class1 0.04 0.01 -3.60 0.05 0.01 -4.93 0.03 0.01 -2.75 

Class4 - Class1 0.02 0.01 -2.12 0.05 0.01 -4.21 0.01 0.01 -1.07 

Class5 - Class1 0.05 0.01 -5.23 0.09 0.01 -7.57 0.00 0.01 -0.15 

Note. 1. Esti. = Estimate; 2. Word predictability is classified as five classes: class 
1(-2.298 to -1.5), class 2 (-1.5 to -1.0), class 3 (-1.0 to -0.5), class 4 (-0.5 to 0), class 5 
(0 to 2.298). 
 
Discussion 

The first-year project shows the word frequency and word predictability effects 
on the first-pass durations (FFD, SFD, and GD) and total viewing time (TVT). 
Chinese readers spend less time on high frequency or predictable words than low 
frequency or unpredictable words. For the skipping rate, both predictability and 
frequency effects were significant and the effect sizes were similar (3% vs. 4 %). The 
first-pass FFD and SFD showed the significant word predictability effects, in which 
the effect sizes were 10 msec and 12 msec, respectively. The size of word 
predictability effect is comparable to previous alphabetic studies (Miellet et al., 2007; 
Rayner et al., 2004). This is the first study showing the predictability effect of reading 
Chinese on the first-pass FFD and SFD. The coherent evidence of the word 
predictability effects on fixation durations and skipping rate suggests that Chinese 
readers use contextual information for word recognition before the later meaning 
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integration for reading comprehension. 
With the simultaneous manipulation of word predictability and frequency, this 

study shows no interaction for fixation durations, which is consistent with Rayner et 
al. (2004) and Miellet et al. (2007). Unlike alphabetic studies, the significant 
predictability effect was approximately double that of the less reliable frequency 
effect in the present experiment (FFD: 10 msec vs. 6 msec; SFD: 12 msec vs. 7 msec, 
respectively). This indicates that Chinese readers might rely more on contextual 
information than alphabetic readers. This might due to the several unique 
characteristics of Chinese writing system. For example, word boundary is ambiguous 
in reading Chinese sentence because there are no spaces between words. In addition, 
most of Chinese words are compounds. The relationship of a Chinese word to its 
constituent characters regarding both orthographical and morphological structures is 
often not apparent. These perceptual and lexical ambiguities, if occurred, must be 
solved to accurately extract words from the character string. For example, there is 
evidence that Chinese readers take time to process the character string where word 
ambiguity exists in sentence. Inhoff and Wu (2005) manipulated a four-character 
(C1234) sequence and C12 and C34 are context-consist words in a sentence. They 
found readers spent more time on the four-character sequence if the two center 
characters (C23) formed a legal word in the ambiguous condition. Therefore, knowing 
where Chinese words are located in a sentence is not as straightforward as it is in 
alphabetic languages with word spaces. Chinese readers thus have to make the best 
use of contextual information to efficiently determine word boundaries and then 
extract the correct word information.  
 The skipping rate showed both predictability and frequency effects, as reported 
in previous studies (Rayner et al., 2004; Rayner et al., 2005; Rayner & Well, 1996). 
Again, this indicates that contextual information involves the early reading process in 
parafoveal preview and consequently affects whether the target word will be skipped 
or not. This process could be determined by the speed of lexical identification (Rayner 
et al., 2001), by a mechanism of hypothesis generation on the basis of incomplete 
information (Brysbaert & Vitu, 1998), or the retrieval of word meaning from memory 
according to the context without the access the parafoveal information(Kliegl, 
Nuthmann, & Engbert, 2006). The null interaction between predictability and 
frequency agrees with previous studies involving corpus data (Calvo & Meseguer, 
2002; Kliegl et al., 2004; Kliegl et al., 2006) or experiment data by direct 
manipulation (Rayner et al., 2006). However, the skipping rate results of this study 
are inconsistent with Rayner et al. (2004), who reported the interaction effect, and 
Miellet et al. (2007), who showed no effect of frequency and predictability on the 
skipping rate. The inconsistent findings on skipping rate across studies could result 
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from the sentence difficulty. Difficult sentences might lower the skipping rate and 
hinders the potential word frequency or predictability effects (Miellet et al., 2007). 
Whether the inconsistency findings between Chinese and English are due to the strong 
dependency of context to resolve Chinese word boundary ambiguity, remain to be 
further investigated.  
 In the second year project, we built an eye movement corpus of reading Chinese 
sentences (Taipei Sentence Corpus, TSC). With the rich lexical information of the 
TSC sentences and the eye movements in reading these sentences, we analyzed the 
influences of the properties of the present word, the past word, and the future word on 
the fixation durations of the present word. This unique approach can confirm the 
results of the first year experiment with manipulation of word frequency and word 
predictability. In addition, the corpus data reveal the influences of the past word and 
the future word, which indicate some lag/spill over effects and parafoveal-on-foveal 
effects. For example, we confirmed Kliegl et al. (2006) that fixation duration is longer 
when the next word is predictable than an unpredictable word. This reversed 
parafoveal-on-foveal effect of word predictability suggests that, when a parafvoeal 
word is highly predictable, word meaning can be retrieved from memory according to 
the context without the access the parafoveal information. In the TSC analysis, we 
also found the reversed lag effects of word length and word stroke. That is, when the 
past word is short and less complex, fixation durations are longer on the present word. 
These effects are unlikely due to the spill over of processing the past word's lexical 
properties. Whether it is due to the low level oculomotor mechanism that longer 
fixation duration occurs if the previous fixation is shorter or the launch site is distant 
from the current fixation, or the special processing related to Chinese word 
segmentation shall be clarified. 

In summary, this project observes the word predictability effect on all eye 
movement measures, including skipping rate, the first-pass durations (FFD, SFD, and 
GD), and total viewing time. In addition, the word predictability effect is more 
reliable than the word frequency effect. These findings indicate that contextual 
information plays an important role in reading Chinese sentences to facilitate both 
lexical access for word recognition and meaning integration for comprehension. 
Further research is required to examine when and how contextual predictability 
resolves word ambiguities of reading Chinese sentence in both foveal and parafoveal 
processing. In addition, we are collaborating with Professor Reinhold Kliegl and 
Ming Yan from University of Potsdam, Germany to compare the eye movement 
corpus among German (Potsdam Sentence Corpus), Traditional Chinese (Taipei 
Sentence Corpus), and Simplified Chinese (Beijing Sentence Corpus). The statistical 
comparisons among these corpuses could provide significant contributions to reading 
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models of eye movements, taking the individual difference into account, including 
ages, languages, and different scripts of the same language.  
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Eye movement evidence of continuous mapping for recognizing Mandarin spoken characters

Jie-Li Tsai
Department of Psychology, National Chengchi University, Taiwan, ROC

One eye-tracking experiment was conducted to investigate the onset- and offset-mismatch effects of 
Mandarin Chinese spoken characters. Eye movements to an array of four Chinese characters on a 
screen were recorded as participants listened a spoken instruction, e.g., “Please use the mouse to 
click on /chao1/ ”. The visual display contained the target character (e.g., 鈔 /chao1/), a 
phonological competitor that mismatched target on either onset or offset phoneme (e.g., the onset- 
and offset-mismatch competitors of the target鈔 /chao1/ were稍 /shao1/ and 娼 /chang1/, 
respectively), and two unrelated distractors. Fixation proportion of offset-mismatch competitors 
was larger than unrelated distractors started at around 200ms after the acoustic onset of the targets 
and this effect was weaker for onset-mismatch competitors showing a late and small difference 
from distractors. The fixation proportion curve of offset-mismatch competitors began to diverge 
from targets at around 400 ms and the onset-mismatch competitors, similar to unrelated distractors, 
showed the divergence from targets at around 200 ms. These competitor effects support continuous 
mapping models (e.g., TRACE) that, as speech unfolds over time, lexical access takes place 
continuously without strictly sequential constraints. The results also confirm McQueen and Viebahn 
(2007) and several studies that the use of printed-character or word display is valid to show the 
temporal dynamic of spoken word recognition.
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Conclusion 
The strong cohort competitor effect and the existence of the weak 
rhyme competitor effect support continuous mapping models (e.g., 
TRACE) that, as speech unfolds over time, lexical access takes 
place continuously without strictly sequential constraints. The 
results also confirm McQueen and Viebahn (2007) and several 
studies that the use of printed-character or word display is valid to 
show the temporal dynamic of spoken word recognition. 

Eye$movement$evidence$of$con.nuous$mapping$
for$recognizing$Mandarin$spoken$characters$

Jie:Li$Tsai$
Eye$Movement$and$Reading$Laboratory$

Department$of$Psychology,$Na=onal$Chengchi$University,$Taiwan$�

Introduction 
When hearing a spoken word, the acoustic information is recoded 
into phoneme-level and word-level phonological representations 
for word recognition. The current models of spoken word 
recognition have different assumptions on whether processing 
phonological representations is in a sequential fashion and 
whether different segments of phonemes may play different roles. 
One issue is whether the word candidates which share the same 
rhyme could be activated as a word is unfolding. The rhyme 
competition effect found in English supports the continuous 
mapping TRACE model emphasizing the reciprocal connections 
between lexical and sublexical levels. The present eye-tracking 
experiment investigated the cohort and rhyme effects of Mandarin 
spoken characters with visual world paradigm. The temporal 
change of fixation probabilities on the competitor characters can 
reveal the onset and rime competitions of words activated by the 
partial phonological information of a spoken word.  

Method 
Participants Twenty college students with normal or corrected-
to-normal vision participated in the experiment. All were native 
speakers of Mandarin Chinese.  
 
Stimuli  There were thirty-two sets of four Chinese characters.  
The visual display comprised a target character, a cohort 
competitor varied in the final phoneme or a rhyme competitor 
varied in the onset phoneme, and two phonologically unrelated 
distractors. Character frequency, number of strokes, number of 
homophonic characters, number of characters with the identical 
cohort and rhyme were balanced across conditions. 
 
 
 
 
 
 
On each trial, participants performed a listening-and-action task. 
Eye movements were recorded when listening the instruction to 
click on the target with a computer mouse. 
 
 
 
 
 
 
 
 
 
Apparatus  EYELINK 1000 tracking system (1000 samples/sec).  
Procedure 
 

Results 
Fixation proportion of cohort/offset-mismatch competitors was 
larger than unrelated distractors started at around 200ms after 
the acoustic onset of the targets. This effect was weaker for 
rhyme/onset-mismatch competitors showing a late and small 
difference from distractors. The fixation proportion curve of 
cohort competitors began to diverge from targets at around 400 
ms and the rhyme competitors, similar to unrelated distractors, 
showed the divergence from targets at around 200 ms. 
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Growth curve analysis (Mirman et al., 2008)�
Cohort(Com-Unr) �� ��

�� -2LL L.Ratio p-value 
Base 6646.76  
Intercept 6704.97  58.21  <.0001 
Linear 6706.02  1.05  0.3056 
Quadratic 7228.72  522.70  <.0001 
Cubic 7256.27  27.55  <.0001 
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�� -2LL L.Ratio p-value 
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Intercept 7579.72  2.26  0.1331 
Linear 7580.80  1.08  0.2989 
Quadratic 7580.81  0.02  0.9021 
Cubic 7592.14  11.33  0.0008 
Quartic 7592.19  0.05  0.8209 
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