
Copyright 2007 Psychonomic Society, Inc. 762

The study of eye movements has long been considered 
a profitable way to investigate cognitive processes in read-
ing (Huey, 1908; Javal, 1906; Rayner, 1998). Oculomotor 
measures both are sensitive to a large number of cogni-
tive processes and can be obtained under relatively natu-
ral conditions. Formal modeling of eye movement control 
during reading is one approach that can permit a better 
understanding of the underlying oculomotor and linguistic 
processes. Because a model’s predictions can be compared 
with observed reading behavior, testable predictions can be 
generated, and the model can be incrementally modified. 
The E-Z Reader model of eye movement control (Pollat-
sek, Reichle, & Rayner, 2006; Reichle, Pollatsek, Fisher, 
& Rayner, 1998; Reichle, Rayner, & Pollatsek, 2003) is 
the most influential model at present. A central tenet of  
E-Z Reader is that visual attention is allocated serially 
across words in reading. This contrasts with other models 
of eye movement control, such as SWIFT, in which at-
tention is distributed as a gradient and lexical access can 
occur in parallel (Engbert, Nuthmann, Richter, & Kliegl, 
2005). E-Z Reader was inspired by Morrison’s (1984) 
model, which uncoupled eye movements from attentional 
shifts (see also James, 1891). In E-Z Reader, lexical ac-
cess occurs over two stages. Completion of the first stage 
of lexical access (L1, or the familiarity check) signals sac-

cadic programming to begin, and completion of the sec-
ond (L2, or the completion of lexical access) signals the 
attentional spotlight to shift to the next word. The main 
factors affecting both stages of access are word frequency 
and contextual predictability.

When we undertook this study, the E-Z Reader predic-
tions had been compared only with the results of Schil-
ling, Rayner, and Chumbley (1998), a study in which 
word frequency was manipulated. Since then, Rayner, 
Ashby, Pollatsek, and Reichle (2004) used E-Z Reader 
to model their eye movement data on word frequency and 
contextual predictability. Our aim was to test whether the 
model could be generalized to the reading of French in 
investigations of the relationship between frequency and 
predictability.

The individual effects of frequency and predictabil-
ity are well established in the eye movement literature. 
High-frequency (HF) words are fixated for shorter du-
rations than are low-frequency (LF) words (e.g., Rayner 
& Duffy, 1986; Rayner, Sereno, & Raney, 1986; Sereno 
& Rayner, 2000). Similarly, high-predictable (HP) words 
(i.e., more constrained by prior context) are fixated for 
shorter durations and are more likely to be skipped than 
are low- predictable (LP) words (e.g., Balota, Pollatsek, & 
Rayner, 1985; Ehrlich & Rayner, 1981; Rayner & Well, 
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1996). Nevertheless, few eye movement studies have 
been done to examine these influential variables simul-
taneously. Early reaction time studies examined both 
factors and typically showed main effects of frequency 
and predictability and, critically, a significant interac-
tion, with predictability having a more beneficial effect 
for LF words (e.g.,  Stanovich & West, 1983). Arguably, 
however, the paradigms used (lexical decision and nam-
ing) involve the recruitment and application of strategies 
not found in normal reading. A recent electrophysiologi-
cal study also showed an interactive pattern for frequency 
and predictability in the N1 component (first negative-
going wave) beginning at 132 msec poststimulus (Sereno, 
Brewer, & O’Donnell, 2003). However, the presentation 
rate was relatively slow, as compared with normal read-
ing (~500 msec per word), and the effect of predictabil-
ity for LF words was marginal. In an early reading study, 
Inhoff (1984) also found an interaction in gaze duration. 
However, these results represented combined data from 
normal reading and a condition in which there was a three-
 character moving foveal mask. In addition, word length 
was not formally controlled.

More recently, three eye movement studies have been 
carried out that orthogonally varied the frequency and 
predictability of target words embedded in sentences 
 (Altarriba, Kroll, Sholl, & Rayner, 1996; Lavigne, Vitu, 
& d’Ydewalle, 2000; Rayner, Binder, Ashby, & Pollatsek, 
2001). These studies consistently showed, with respect to 
fixation time, main effects of frequency and predictability 
but failed to show a significant interaction. It is important 
to note that the relationship between frequency and pre-
dictability was not the principal focus of these studies. 
Although it was the focus of Rayner et al.’s (2004) study, 
they also found no evidence of a frequency  predictabil-
ity interaction. They did find a reliable interaction, how-
ever, for the probability of skipping the target, different 
from the pattern in reaction time studies, with increased 
skipping for HF–HP words.

In the present study, we sought to extend these findings. 
First, word frequency and predictability effects were tested 
in French, using target words embedded in a short story. 
Prior eye movement studies have typically used targets in a 
series of single-line, unrelated sentences. Second, the data 
were compared with different simulations of E-Z Reader.

MEthod

Participants
Fifteen naive volunteer graduate students from the University of 

Lille 3, all native French speakers having normal, uncorrected vi-
sion, participated in the experiment (average age = 22.3 years).

Apparatus
Although viewing was binocular, eye movements were recorded, 

via an AMtech ET4 pupil-tracking system, from the right eye. The 
eyetracker has a spatial resolution of 2 min of arc, and its signal was 
sampled every 5 msec by a 586 computer. The text was displayed on 
a 17-in. View Sonic monitor in conventional upper- and lowercase 
characters. At a viewing distance of 75 cm, 3.4 characters subtended 
1º of visual angle.

The text was presented in a nonproportional font, using white 
characters on a black background. Monitor luminance was ad-

justed to a comfortable level and was held constant throughout the 
experiment.

Materials and design
The participants read a meaningful short story of 134 words. For 

each word, its length, frequency, and contextual predictability values 
were obtained. Predictability was determined by a cumulative Cloze 
task involving a different set of 20 participants.1

A set of 20 target words was selected on the basis of several prop-
erties (see the Appendix). First, all the targets appeared near the 
middle of a line of text. Ten were HF and 10 were LF words. Word 
frequencies were determined from LEXIQUE, a corpus of 14.8 mil-
lion words (New, Pallier, Ferrand, & Matos, 2001). The mean fre-
quency per million was 457 for HF words (all HF  200) and 19 for 
LF words (all LF  30). For each frequency group, half were HP and 
half were LP words. The Cloze probabilities were .71 for HP words 
(all HP  .50) and .04 for LF words (all LP  .20). Target words 
ranged from 5 to 10 characters (M  6.35).

Procedure
The participants sat in a dimly illuminated room in front of the 

eyetracker, resting their head within a chinrest. A flexible band 
around their heads was gently tightened to minimize head move-
ments. The participants were informed that they would be presented 
with two short stories. They were instructed to read at a normal pace, 
paying attention to meaning. The first story allowed them to become 
familiar with the procedure. The second was the experimental pas-
sage, presented over four successive screens of text, with up to seven 
double-spaced lines of text per screen and up to 49 characters per 
line.

Prior to presentation of each screen of text, a fixation cross ap-
peared in the upper left, marking the first character position of text. 
When the participants’ eye position was aligned with this cross, it 
disappeared, and the first screen of text was presented. When the 
participants had finished reading the screen of text, they fixated 
another cross at the bottom right of the screen. When the eye posi-
tion was aligned with this cross, the screen of text disappeared, and 
the upper cross reappeared. The calibration was checked and, when 
necessary, recalibrated.

After reading the experimental passage, the participants para-
phrased the story to ensure that they had maintained attention. None 
had any difficulty in summarizing the story.

RESultS

Data were excluded from the analyses when fixation 
times were beyond a 1.64 standard deviation value cal-
culated for each participant, resulting in a 10% data loss. 
The data were analyzed in terms of several standard eye 
movement measures. The target region included the space 
before the word and the word itself. First-fixation dura-
tion (FFD) represents the duration of an initial fixation 
on a word when approached from the left (i.e., the word 
has not already been skipped). Gaze duration (GD) repre-
sents the sum of all consecutive first-pass fixations made 
on a word prior to an eye movement to another word; if 
a word is fixated only once, FFD and GD are identical. 
Single-fixation duration (SFD) represents those cases in 
which a word is fixated only once. Finally, the probability 
of skipping (PrSkip) a word on a first-pass fixation was 
also calculated.

Several analyses were conducted. First, we examined 
global eye movement behavior across the entire experi-
mental passage and compared the observed data with 
the predicted values generated by E-Z Reader 7 (Reichle 
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et al., 2003). Second, we analyzed the selected 20 words 
for frequency and predictability effects. We also compared 
these results with different versions of E-Z Reader 7: the 
original multiplicative version; the extended, additive ver-
sion (Rayner et al., 2004); and a modified extended, ad-
ditive version.2

Global Behavior
We compared a simulation using the original param-

eters of E-Z Reader 7 (based on those used to simulate the 

Schilling et al., 1998, data) with empirical data represent-
ing the majority of the 134-word text. For each word, we 
specified its position, length, frequency, and predictability. 
In accordance with E-Z Reader 7, the first and last words 
of each line of text were excluded from the simulation.3 
The remaining 90 words were categorized, as in Schilling 
et al. (1998), into five frequency bands (1–5) from low to 
high frequency (see Table 1).

As is shown in Figure 1, we obtained satisfactory 
matches between most observed and predicted values for 

Figure 1. top: Mean observed (obs) and predicted (pred) fixation duration values for first- fixation 
duration (FFd), single-fixation duration (SFd), and gaze duration (Gd) for five frequency classes 
of words (Bands 1–5, from low to high frequency) (RMSd = 0.452). Bottom: Mean observed (obs) 
and predicted (pred) probability values for single fixation (PrSingle), refixation (PrRefix), and skip-
ping (PrSkip) for five frequency classes of words (Bands 1–5, from low to high frequency) (RMSd = 
0.452).
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fixation time (top panel) and fixation probability mea-
sures (bottom panel). The biggest disparity was between 
observed and predicted values in GD for medium- to 
high-frequency words (Bands 2–3), where observed val-
ues were longer. In the reference experiment used to test 
the model (Schilling et al., 1998), the sentences tended to 
be short, stereotyped expressions that were quite simple 
to comprehend. Our story was more complex, engaging 
a deeper level of processing, and this might explain why 
GDs were longer for these words. Despite these dispari-
ties, the overall fit, considering the use of different partici-
pants reading a passage in a different language, was quite 
good. In general, goodness of fit is the error in prediction 
on key variables—namely, fixation duration and fixation 
probabilities. This is usually expressed as a mean-squared 
error for each variable, which can be summed and/or 
transformed into a single deviation measure (for further 
discussion, see Engbert et al., 2005).

We also examined global effects of predictability. From 
the 90-word sample, a subset of 74 words were chosen with 
cloze probabilities either greater than .60 for HP words or 
less than .10 for LP words (see Table 1). In general, pre-
dictability effects tend not to be as pronounced in fixation 
time as frequency effects (see Sereno, O’Donnell, & Ser-
eno, 2003) and are often expressed in terms of increased 
word skipping. In our study, readers skipped 31% of the 
HP words, as compared with 22% of the LP words. E-Z 

Reader 7 produced similar values, with skipping rates of 
37% for the HP and 25% for the LP words. The difference 
between HP and LP skipping rates (9% in our study, 12% 
for E-Z Reader) was consistent with that in prior research 
(Rayner et al., 2001; Rayner & Well, 1996).

The pattern of observed versus predicted results for fix-
ation times was less consistent (see Table 2). The observed 
data showed numerical differences for predictability in 
FFD, SFD, and GD measures. E-Z Reader 7, however, 
showed substantial predictability differences only for GD. 
Although the GD difference is smaller than ours, it is com-
parable to those in other eye movement studies (Rayner 
et al., 2001; Rayner & Well, 1996).

We then categorized the 74 HP and LP words by fre-
quency (see Table 1). Fixation time and probability meas-
ures for these data, as well as the simulated data from E-Z 
Reader 7, are shown in Table 3. A qualitative comparison 
of the data revealed an overall good fit, with two excep-
tions. First, the size of the predictability effect in the sim-
ulation for LF words in FFD and SFD was larger than 
what was observed. More problematic, however, was that 
E-Z Reader showed a reverse predictability effect for HF 
words; that is, fixation times were longer for HP than for 
LP words. The sample of words used in this analysis con-
founded word length and frequency; that is, HF words also 
tended to be shorter (see Table 1). We thus focused on a set 
of 20 target items in which length, frequency, and predict-
ability were more tightly controlled (see Table 1).

Frequency  Predictability
Fixation time4 and skipping probability data for the 

sample with 20 target words are shown in Table 4. The 
mean launch distance was 5.86 characters and did not 
differ across conditions (all Fs  1). A 2 (frequency: LF 
vs. HF)  2 (predictability: LP vs. HP) ANOVA was car-
ried out on the fixation duration and skipping probability 
means, both by participants (F1) and by items (F2).

A main effect of the frequency was observed for FFD 
and GD, with longer fixation times on LF than on HF 
words [FFD, F1(1,14)  16.74, p  .01, and F2(1,16)  
25.58, p  .001; GD, F1(1,14)  7.93, p  .05, and 
F2(1,16)  12.20, p  .01]. A main effect of predictability 
was observed only for FFD, with longer fixations on LP 
than on HP words [F1(1,14)  5.36, p  .05; F2(1,16)  

table 1 
Specifications of Word targets Across different Analyses

  N  Length  Frequency  Predictability

Global Test of Word Frequency

Frequency Group
 1 (0–10) 2 6.5  6 .50
 2 (10–100) 15 7.7  31 .22
 3 (100–1,000) 23 6.5  359 .20
 4 (1,000–10,000) 19 4.1  4,617 .57
 5 (10,000–100,000) 31 2.9  23,052 .49

Global Test of Predictability

Predictability
 LP 39 6.1  40 .02
 HP 35 4.1  123 .81

Global Test of Frequency  Predictability

Condition
 LF–LP 25 7.1  2 .02
 LF–HP 9 6.3  2 .76
 HF–LP 14 4.2  96 .03
 HF–HP 26 3.2  165 .82

Frequency  Predictability for 20 Controlled Targets

Condition
 LF–LP 5 6.0  17 .05
 LF–HP 5 7.0  22 .73
 HF–LP 5 6.8  527 .03
 HF–HP 5 5.6  387 .68

Note—N represents the number of words from the 134-word text used. 
The average word length is measured in characters. The average word 
frequency is measured in occurrences per million. The average predict-
ability of a word is measured as the probability of guessing that word in a 
cloze task. The top three groupings represent a majority sample of words 
from the text (global tests), whereas the bottom grouping represents the 
selection of 20 words. LF, low frequency; HF, high frequency; LP, low 
predictability; HP, high predictability.

table 2 
Mean observed and Predicted Fixation durations 

(in Milliseconds) on low- and high-Predictable Words

Measure  Data Type  LP  HP  LP  HP
FFD Observed 226 207 19

Predicted 213 209  4

SFD Observed 232 212 20
Predicted 212 209  3

GD Observed 280 235 45
Predicted 240 223  17

Note—Fixation time measures include first-fixation duration (FFD), 
single-fixation duration (SFD), and gaze duration (GD). Observed data 
correspond to the set of 74 words, and predicted data are derived from a 
simulation of E-Z Reader 7. The targets were either low-predictable (LP) 
or high-predictable (HP) words.
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8.12, p  .05]. For GD, although the pattern of means was 
similar to that for FFD, the predictability effect was not 
significant [F1(1,14)  1.26, p  .25; F2(1,16)  4.30, 
p  .054]. The frequency  predictability interaction was 
not significant in any measure (all Fs  1). Finally, there 
was no effect of word skipping between conditions (all 
Fs  1).

We ran E-Z Reader 7 (multiplicative version), using 
the specifications of the 20-word target set. FFD, GD, 
and PrSkip values predicted by the model are presented 
in Table 4. Whereas our observed data revealed additive 
effects of frequency and predictability, the predictions of 
the model showed an interactive pattern with a larger pre-
dictability effect for LF than for HF words in both FFD 
and GD. Although Rayner et al. (2004) had not observed 
a significant frequency  predictability interaction, they 
argued that there was a hint of an interactive pattern in 
GD, because the frequency effect was 6 msec greater for 
LP than for HP words, a pattern consistent with the initial, 
multiplicative version of E-Z Reader 7.

Rayner et al. (2004), however, modified the model so 
that frequency and predictability combined in an additive, 
rather than multiplicative, fashion. This extended, additive 
version of E-Z Reader 7 successfully captured the addi-
tive effects of frequency and predictability that they had 
observed in GD. We ran this extended, additive version in 
order to compare its predictions with our observed data 
(see Table 4).5 This simulation performed better than the 
multiplicative version. However, the predicted GD val-
ues were much shorter and the frequency effect was much 
smaller than those for the observed data (see Table 4).

To obtain a better fit, we changed the parameters of the 
extended, additive version of E-Z Reader 7. The fitting 
index, or root-mean squared deviation (RMSD), is a func-
tion of GD, as well as skipping probability. Because the 

skipping probability was very low in our study, we did not 
use it in calculating the RMSD.6 The resulting fit, how-
ever, produced fairly high GD values (~430 msec on aver-
age). To obtain GD values of around 300 msec, as were 
observed, we slowed down the rate of lexical processing 
by changing the β1 and β2 parameters.7 In this modified 
extended, additive version of E-Z Reader 7, the predicted 
GDs were closer to the observed values in comparison 
with the multiplicative version of the model and showed 
a more additive pattern of frequency and predictability 
(see Table 4). However, the simulated frequency effect 
(35 msec), although similar to what has been observed 

table 3 
Mean observed and Predicted Fixation durations (in Milliseconds)  

and Fixation Probabilities on low- and high-Frequency, and  
low- and high-Predictable Words

LF HF

Measure  Data Type  LP  HP  LP  HP  LP  HP  LP  HP

FFD Observed 232 217 15 220 198 22
Predicted 229 200 29 198 219 21

SFD Observed 240 225 15 223 199  24
Predicted 229 199 30 196 219 23

GD Observed 307 252 55 253 217  36
Predicted 270 222 48 210 224 14

PrSingle Observed  .61  .68   .50  .46
Predicted  .71  .69   .54  .45

PrRefix Observed  .28  .18   .12  .07
Predicted  .18  .10  .06  .01

PrSkip Observed  .11  .14   .38  .48
Predicted  .11  .20   .40  .53

Note—Fixation time measures include first-fixation duration (FFD), single-fixa-
tion duration (SFD), and gaze duration (GD). Fixation probability measures in-
clude the probability of a single fixation (PrSingle), the probability of a refixation 
(PrRefix), and the probability of skipping (PrSkip). Observed data correspond 
to the set of 74 words, and predicted data are derived from a simulation of E-Z 
Reader 7. Targets were either low- or high-frequency (LF or HF) words of either 
low or high predictability (LP or HP).

table 4 
observed and Simulated Mean Fixation durations (in 

Milliseconds) and Skipping Probabilities for 20 target Words

LF HF

Measure  Data Type  LP  HP  LP  HP

FFD Observed 280 254 229 200
E-Z Reader 7 (M) 245 186 226 196
E-Z Reader 7 (EA) 194 175 190 184
E-Z Reader 7 (ModEA) 255 232 233 240

GD Observed 362 345 291 249
E-Z Reader 7 (M) 316 222 275 211
E-Z Reader 7 (EA) 241 216 218 207
E-Z Reader 7 (ModEA) 344 298 298 275

PrSkip Observed .07  .03  .04  .07
E-Z Reader 7 (M) .11  .27  .13  .19
E-Z Reader 7 (EA) .16  .37  .23  .34
E-Z Reader 7 (ModEA) .10  .20  .11  .14

Note—Target words were either low- or high-frequency words (LF or 
HF) that were either low or high predictable (LP or HP). Fixation mea-
sures include the following: FFD,  first-fixation duration; GD, gaze du-
ration; and PrSkip, probability of skipping. Data type corresponds to 
either observed or simulated data. Simulated data were obtained from the 
following models: the multiplicative (M), extended additive (EA), and 
modified extended additive (ModEA) versions of E-Z Reader 7.



Word Frequency and Predictability in French    767

in other studies, was smaller than that which we observed 
(84 msec).

In eye movement studies, frequency effects typically 
tend to be larger than predictability effects. In our GD 
data, the frequency and predictability effects were 84 and 
30 msec, respectively. None of the simulations showed this 
pattern: 26 vs. 79 msec for E-Z Reader 7; 16 vs. 18 msec 
for the extended, additive version of E-Z Reader 7; and 35 
vs. 35 msec for the modified extended, additive version 
of E-Z Reader 7. It seems that the modified extended, ad-
ditive version of E-Z Reader 7, although demonstrating 
equivalent frequency and predictability effects, was the 
best fit for our data.

diScuSSion

We examined the combined effects of frequency and 
predictability in the context of a short passage of text on 
eye movements in the reading of French. Comparisons 
were made between the observed data and different simu-
lations of the E-Z Reader model. The initial global anal-
yses (using most words from the text) showed that E-Z 
Reader 7 (original, multiplicative version) fit well with the 
observed frequency effects, but not with the predictability 
effects. Specifically, predicted fixation times showed a 
reverse predictability effect for HF words. These inconsis-
tencies illustrate the point that the initial parameter setting 
of a model designed to reflect lexical processing should 
not be based solely on word frequency but should also 
incorporate the other main variables known to influence 
word recognition, such as word length and contextual pre-
dictability. To this end, we selected a set of words that 
were matched on these properties.

We examined a subset of 20 controlled HF and LF 
words that were either HP or LP from the prior context. 
As in Rayner et al. (2004), we observed a frequency effect 
in all the fixation time measures. Although the mean fixa-
tion times were comparable across studies, the effect sizes 
in our study (FFD, 53 msec; GD, 84 msec) were much 
larger than those in Rayner et al. (2004; FFD, 14 msec; 
GD, 17 msec). This was most likely due to differences in 
word frequency: HF and LF words had respective frequen-
cies of 457 and 19 per million in our study and 150 and 
5 per million in Rayner et al. (2004). Thus, there was a 
greater disparity between frequency groups in our study. 
Regarding predictability, condition means were more 
comparable across studies. We observed a significant 
predictability effect only for FFD, whereas Rayner et al. 
(2004) observed it for all first-pass measures (FFD, SFD, 
and GD). This discrepancy may have arisen from the fact 
that Rayner et al.’s (2004) materials comprised a series of 
single-line sentences. It has been demonstrated, for exam-
ple, that global (discourse) and local (sentence) contexts 
can differentially affect lexical processing (Hess, Foss, & 
Carroll, 1995). It is possible that contextual effects ap-
peared (significantly) only in the earlier FFD measure in 
our study because context was established both globally 
and locally, having more time to build up and develop. 
Finally, as in Rayner et al. (2004), no fixation time fre-
quency  predictability interaction was found. In terms 

of skipping probability, unlike Rayner et al. (2004), we 
observed no differences. The skipping rate was very low 
in all the conditions. This could be a floor effect, resulting 
from a more difficult text, masking potential frequency 
and/or predictability effects.

With respect to simulations of the 20-word data set, 
the original multiplicative version of E-Z Reader 7 pre-
dicted an interactive pattern with shorter fixations than 
those observed. Although the extended additive version 
produced an additive pattern of results (as was observed), 
adjusting the parameters in our modified, extended addi-
tive version of E-Z Reader allowed us to obtain fixation 
times similar to those observed. However, we were unable 
to simulate frequency effects as large as those observed. 
Most troublesome, however, was that simulated GDs in all 
the models showed predictability effects equivalent to or 
larger than frequency effects. Our data showed the reverse. 
Modification of the model should allow a better simula-
tion of the data.8

Across all simulations, observed fixation times were 
underestimated (and comparably, skipping probabilities 
were overestimated). There are several possible explana-
tions for why this occurred: (1) A longer passage of text 
(vs. single-line sentences) might promote semantic inte-
gration processes that are not simulated by the models; 
(2) a language other than English might have different 
linguistic properties (e.g., French words tend to be longer 
than English words); or (3) the reading speed of the sample 
of French readers might be slower than average. Resolving 
these issues can be the focus of future investigation.

In sum, we observed individual, noninteractive effects 
of frequency and predictability that, overall, fit well with 
the extended, additive version of E-Z Reader. However, it 
is important to specifically test the principles of a model; 
accurate predictions can be obtained without necessarily 
reflecting the underlying mechanisms of processing. We 
believe that the functional transparency of E-Z Reader al-
lows it to be further modified in order to more precisely 
account for this and other experimental evidence.
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notES

1. The participants were asked to provide the next word of the passage 
on a word-by-word basis. That is, after each response, they were told the 
“correct” word from the passage (if different from their response) and 
were then asked to guess the following word on the basis of the text up 
to that point. This procedure was repeated until the entire passage had 
been presented.

2. Although E-Z Reader has recently been modified (Version 9: Pol-
latsek et al., 2006), the core theoretical assumptions of the extended, ad-
ditive version of E-Z Reader 7 (Rayner et al., 2004) that we tested remain 
unchanged. However, E-Z Reader 9 does use different parameter values 
and assumptions regarding the programming of refixations.

3. Forty words were excluded from the analysis because they were at 
the beginning or end of the line. Four additional words were excluded 
because they were the central words of a short line at the end of a page. 
In prior E-Z Reader simulations, measures on targets within sentences 
containing regressive eye movements have been excluded. Although 
target word first-pass fixation measures (FFD, SFD, and GD) do not 
incorporate regressions (by definition), our measures did not exclude 
data if a regression occurred somewhere on the same line as the target. 
Regressive eye movements of more than five characters (excluding re-
turn sweeps at the end of lines), however, accounted for only 5.52% of 
all the data.

4. In the global analyses, the patterns of results for FFD and SFD were 
highly similar (see Tables 2 and 3). In the sample of 20 targets, FFD and 
SFD means were also comparable. For this reason, only FFD and GD 
means are reported.

5. In our rendition of the extended, additive version of E-Z Reader 7, 
we modified the model in order to accommodate more than one target 
word per line of text.

6. If skipping probability remained in the RMSD calculation, the best 
fit resulted in rather unrealistic fixation times of ~600 msec.

7. We used values of β1 = 250 and β2 = 8. All other parameters were 
the same as those used in Rayner et al. (2004). Their best-fitting param-
eter values were β1 = 218 and β2 = 7 for the multiplicative model and 
β1 = 229 and β2 = 11 for the extended, additive model.

8. For example, in the extended, additive version of E-Z Reader 7, the 
parameter alpha-3 can modulate the effect of predictability.
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APPEndix 
target Words and their English translations

 Condition  Item  Translation  

LF–LP morne dreary
hideuse hideously
singe ape
quête quest
supplice torment

LF–HP chaux lime
haleine breath
noeud knot
nourriture food
sorcière witch

HF–LP caractère character
actions actions
chambre bedroom
petite small
objet object

HF–HP fille girl
maison house
corps body
champs fields
chemin path

Note—Target words were either low- or high-frequency words (LF or 
HF) that were either low or high predictable (LP or HP).

(Manuscript received May 31, 2006; 
revision accepted for publication August 14, 2006.)


