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Instructions for Running E-Z Reader 10.4 Simulations 
© Erik D. Reichle (23 January 2025) 

 
1. Introduction 
 
These are the instructions for running simulations using the E-Z Reader model of eye-movement 
control in reading.  If you haven’t already done so, please read Reichle (2011), Reichle et al. (2012), 
or Veldre et al. (2023) (see References, below) so that you have a good understanding of how the 
model works prior to running simulations.  I also encourage you to have some background using the 
Java programming language because it will also be necessary to run simulations. 
 
The .zipped file that you have downloaded, EZReader 10.4.zip, contains these instructions and 
another folder named EZReader 10.4.  The latter contains the project and source (.java) code for the 
E-Z Reader model.  The project has been compiled and tested using the Apache Netbeans IDE (ver. 
17) running Java 17.0.9.  In my experience, Java is robust, and you shouldn’t have difficulty opening 
and running the model using whatever version of Java you have installed on your computer.  
However, if you don’t already have Java and/or an IDE, you can easily download them for free using 
the following links: 

Java: https://www.oracle.com/index.html 
Apache Netbeans: https://netbeans.apache.org 

  
2. Preliminary Steps 
 
To run the program, you will need two .txt files: (1) a corpus file containing information about the 
sentences that will be used in the simulation; and (2) a target file specifying the ordinal position of a 
specific target word in each of the sentences. 
 
In the EZReader 10.4 folder, the corpus file is named SRC98-ELP.txt.  This file contains information 
about the 48 sentences used by Schilling et al. (1998).  If you open the file, the top portion will look 
like Figure 1.  Information about the sentences is arranged into four columns indicating each word’s: 
(1) frequency of occurrence (e.g., as tabulated in the English Lexicon Project; Balota et al., 2007); (2) 
length (i.e., number of letters); (3) cloze predictability (e.g., see Taylor, 1953); and (4) the actual 
word.  Note that the last word in each sentence is indicated by an ampersand symbol (i.e., @).  To 
run simulations using another sentence corpus, the file must be formatted exactly like the example 
in Figure 1.  (Please be careful that the files don’t include control characters because this can be 
problematic for the program.)     
 

 
 
Figure 1.  Example corpus file. 
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There is also a target file in EZReader 10.4 folder named SRC98Targets.txt.  This file contains a single 
column of numbers indicating the within-sentence ordinal positions of specific target words in the 
sentences.  In the Schilling et al. (1998) sentences, these were the high- and low-frequency target 
words that were of interest in the experiment.  If you open the target file, the top part will look like 
Figure 2.  There, the first number, 5, refers to the word “apartment” in the first sentence of Figure 1.  
Note that “apartment” is actually the sixth word in the sentence, not the fifth.  As per standard Java 
conventions, an array of N items is indexed using the numbers 0 to N-1.  For example, a target word 
that is the seventh word of a 12-word sentence would be word 6 with the indices for the first and 
last words being 0 and 11, respectively.  Finally, if using another sentence corpus, it is not necessary 
to have designated target words, but it is necessary to have a target file.  Such a file can be dummy 
coded using a single column of N-1 zeros, with N equaling the number of sentences in the corpus.     
 

 
 
Figure 2.  Example target file. 
 
 
3. Running Simulations 
 
To run E-Z Reader simulations, first open your IDE and then open the project, EZReader 10.4.  Then 
open the class containing the main method, EZReader10.java.  The top part of this class should look 
like Figure 3. 
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Figure 3.  The EZReader10.java class. 
 
 
Starting at the top of Figure 3, EZReader10.java specifies the names and values of variables 
corresponding to the input/output (I/O) files that are used in running the simulations, E-Z Reader’s 
free parameters, several (fixed) simulation parameters, and several Boolean toggles that control 
what’s included in the simulation output.  More specifically: 
 
(i) corpusFileName – This is the name of the sentence corpus file used in the simulation (e.g., SRC98-
ELP.txt).  Change the file name if you want to use a different sentence corpus. 
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(ii) outputFileName – This is the name of the file where the simulation results are written.  The file 
does not have to be provided but will instead be created by the program. 
 
(iii) targetFileName – This is the name of the file containing the target words (e.g., SRC98Targets.txt).  
Change the file name if you want to use a different sentence corpus. 
 
(iv) A, Alpha1, Alpha2, … Xi – These are E-Z Reader’s free parameters and their default values.  These 
values allow the model to generate eye movements that closely resemble those reported by 
Schilling et al. (1998).  
  
(v) maxLength – This is the maximum word length (i.e., maximum number of letters) in the 
simulation; it should be set equal to a value that accommodates the longest word in the corpus file. 
 
(vi) maxSentenceLength – This is the maximum number of words in any of the sentences in the 
corpus file.  
 
(vii) mixValue – This is a safeguard used to prevent process times from taking on values less than 0 
ms.  
 
(viii) NFrequencyClasses – This is the number of frequency classes using the ELP word-frequency 
norms (Balota et al., 2007) and bins defined by log10(frequency).   
   
(ix) NSentences – This is the actual number of sentences in the corpus file. 
 
(x) NSubjects – This is the number of statistical subjects used in the simulation. 
 
(xi) includeRegressionTrials – By setting this Boolean toggle to “true,” simulated trials containing 
inter-word regressions will be included in the final simulation output.  Please note that the default 
value of this toggle is “false,” with only those trials comprised of first-pass fixations being used to 
generate the simulation results. 
 
(xii) includeTargetWords – Setting this Boolean toggle to “true” will tag the target words with 
asterisks so that they are easier to identify in the output. 
 
(xiii) displayCorpus, … displayTraces – Setting these Boolean toggles to “true” will cause the program 
to write different simulation results to the output file.  More information about these options is 
provided in the next section of this document. 
 
(xiv) obsMeanFFD, … obsSDPrS – These are the observed means and standard deviations for the 
various fixation-duration and probability measures on the 8 frequency classes of words used by 
Schilling et al. (1998).  These observed values are used to calculate the model’s goodness-of-fit (i.e., 
RMSD) to the Schilling et al. (1998) corpus.  The values should thus be modified accordingly to 
calculate the goodness-of-fit to any other corpus. 
 
After you have provided the names of the corpus and target files, set the parameters values, and 
indicated which types of output to store in the output file (by setting the values of the appropriate 
toggles to “true”), you can start the simulation by clicking on the “run” button in your IDE.  (In 
Apache Netbeans, clicking on the green arrow on the top menu bar will start the program.)  The 
output file should then appear in the program folder, EZReader 10.4.  Examples and explanations of 
simulation output are provided below.  On a reasonably fast computer, a simulation using 1,000 
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statistical subjects and the Schilling et al. (1998) sentences should require only a few seconds to 
complete.   
 
4. Simulation Output 
 
As mentioned in the previous section of this document, the display toggles determine the type of 
simulation results that will be written to the output file.  The possible types of output are as follows: 
 
(i) displayCorpus – Setting this toggle to “true” will write out the independent variables that are 
generated for each of word in the sentence corpus.  An example of this output is shown in Figure 4.  
The output is organized by sentences (from the top of the file, starting with Sentence 0) and by 
words (each row corresponds to a word).  The columns code the following information about each 
word’s: (1) frequency; (2) cloze predictability; (3) length; (4) cumulative character position of the left 
edge of the blank space preceding the word; (5) center of word, or optimal viewing position (OVP; 
see Vitu et al., 2001); (6) right edge of the word’s final letter; and (7) the actual word.  For example, 
the word “Margie” is low frequency (= 1), completely unpredictable (= 0.00), and 6 letters in length.  
Because the word is the first in the sentence, the beginning of the blank space to the left of the word 
is located at position 0 and the rightmost edge of the final letter is located at position 7.  The OVP for 
“Margie” is located between the letters “r” and “g,” at position 4.  Finally, words that are designated 
targets are marked by asterisk symbols (i.e., *) to make them easier to identify (e.g., for the purpose 
of analyses).  It is useful to check the corpus information prior to running simulations to ensure that 
the program is reading the corpus file correctly.  (Note that punctuation is included in the calculation 
of word length; e.g., the length of “summer” is 7 because the period ending the sentence is included 
with the word.) 
 
 

 
 
Figure 4.  Example output using displayCorpus. 
 
 
(ii) displayFrequencyClassMeans – Setting this toggle to “true” will write out the mean observed and 
predicted values (across 8 word-frequency classes, f) of 6 eye-movement measures: (1) first-fixation 
duration (FFD); (2) single-fixation durations (SFD); (3) gaze duration (GD); (4) probably of making a 
single fixation (Pr1); (5) probability of making two or more fixations (Pr2); and (6) probably of 
skipping (PrS).  An example of such output is shown in Figure 5.  Within each pair of values, the 
observed value is displayed first and the simulated value is displayed second.  For example, across 
the words in the first frequency class (i.e., f = 1), the mean observed and simulated gaze durations 
are 336 ms and 328 ms, respectively.   
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Figure 5.  Example output using displayFrequencyClassMeans.  
 
 
(iii) displayMeanDistributions – Setting this toggle to “true” will write out three kinds of distributions 
for words of each length: (1) first-fixation landing-site distributions; (2) refixation-probability 
distributions; and (3) IOVP distributions.  The first distributions correspond to the proportions of 
initial fixations on each letter within a word.  For example, for 1-letter words, 0.44 of the initial 
fixations are on the blank space preceding the word, while the remaining 0.56 land on the word 
itself.  The second distributions show the proportion of initial fixations that were followed by a 
refixation as a function of the initial fixation’s location.  For example, for the 5-letter words, initial 
fixations at the first 3 locations were followed by refixations on 0.42, 0.20, and 0.07 of the simulated 
trials, respectively.  Finally, the last distributions show the mean single-fixation durations as a 
function of their locations.  For example, for 2-letter words, the mean single-fixation duration was 
220 ms when the fixation was on the first letter of the word.  (Note that there are missing values 
because the sentences only contained one word longer than 12 letters and it was excluded from the 
analyses because it was a sentence-final word.)      
 

 
 
Figure 6.  Example output using displayDists. 
 
 
(iv) displayWordStatistics – This is arguably the most useful output.  Setting this toggle to “true” will 
write out several means for each word in the sentence corpus, as shown in Figures 7-10.  The 
beginning of the file (Figure 7) shows the mean values of nine word-based measures: (1) single-
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fixation duration (SFD); (2) first-fixation duration (FFD); (3) gaze duration (GD); (4) total times (TT); 
(5) go-past times (GP); (6) probability of fixating (PrF); (7) probability of fixating once (Pr1); (8) 
probability of fixating two or more times (Pr2); (9) probability of skipping (PrS).  The final column 
shows the word itself, with target words in this example being marked by asterisks (because 
includeTargetWords was set equal to “true”).  Note that the first and last words in each sentence are 
not included in this output (as per convention) because processing starts and ends abruptly on these 
words.  For example, in the first sentence, the words “Margie” and “summer.” are not included in 
the output. 
 
 

 
 
Figure 7.  Example output using displayWordStatistics showing the word-based means for each word in the 
sentence corpus.  
 
 
The next part of the output file (Figure 8) shows the proportions of first-fixations on each possible 
letter position within a word, with the first “letter” position corresponding to the blank space 
preceding the word.  For example, for the word “moved,” 0.01, 0.06, and 0.26 of the simulated first 
fixations were located on the first, second, and third letter positions, respectively.     
 

 
 
Figure 8.  Example output using displayWordStatistics showing the first-fixation landing-site distributions for 
each word in the sentence corpus.  
 
 
The next part of the output file (Figure 9) shows the proportions of initial fixations at each possible 
position that were followed by refixations, with the first “letter” position again corresponding to the 
blank space preceding the word.  For example, for the word “new,” initial fixations on the first three 
positions were respectively followed by refixations on 0.20, 0.06, and 0.04 of the simulated trials.     
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Figure 9.  Example output using displayMeans.  The figure shows the refixation-probability distribution for 
each word in the sentence corpus.  
 
 
The final part of the output file (Figure 10) shows the mean single-fixation durations at each possible 
within-word position, with the first “letter” position again being the blank space preceding the word.  
For example, for the word “moved,” the single-fixation durations on positions 1-3 were 263 ms, 263 
ms, and 298 ms, respectively.  (These distributions are “inverted optimal viewing position effects” 
because—perhaps counter to intuition—single fixations near the OVP tend to be longer in duration 
than those near either end of the word; see Vitu et al., 2001.)   
 
 

 
 
Figure 10.  Example output using displayWordStatistics showing the IOVP distributions for each word in the 
sentence corpus.  
 
 
(v) displayParameters – Setting this toggle to “true” will write out the parameter values at the top of 
the output file.  This information is useful, so I recommend that the toggle be set equal to “true” by 
default.  (This output can be stored in conjunction with other output, as Figure 11 shows.) 
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Figure 11.  Example output using displayParameters.  (In this example, the displayWordStatistics toggle was 
also set equal to “true.”) 
 
 
(vi) displayPrRegression – Setting this toggle to true will write out a single value corresponding to the 
proportion of trials containing at least one inter-word regression.  These trials will be excluded from 
the statistical analyses if includeRegressionTrials is set equal to “false.” 
 
(vii) displayRMSD – Setting this toggle to “true” will write out a single value corresponding to the 
model’s performance (i.e., it’s goodness-of-fit or RMSD to the corpus being simulated). 
 
(viii) displayStates – Setting this toggle to “true” writes out a chronological record (starting at the top 
of the output) of the states that the model “moves” through in generating eye movements for each 
sentence.  The columns showing this information from left to right correspond to the: (1) sentence 
number (S); (2) word number being attended (N); (3) fixation number (fix#); (4) word being fixated 
(word); (5) cumulative position of the fixation (pos); (6) cumulative duration of the fixation (dur); (7) 
current rate of lexical processing (rate); (8) process that has just completed (in square brackets); (9) 
any on-going processes and their durations; and (10) the number(s) of any word(s) that resulted in 
integration failure being indicated after the “IF:”.  For example, in the second line of Figure 12, the 
first sentence is being read (i.e., S = 0) with both attention (i.e., N = 0) and the initial fixation (i.e., fix# 
= 0) being on the first word (i.e., word = 0).  This initial fixation is on the middle of the word (i.e., pos 
= 4.0) and its duration now is 170 ms (i.e., dur = 170) because only one process has completed so far 
(i.e., [L1]).  Other ongoing processes at this time (i.e., upon completion of L1) include L2 (with has a 
duration of 214 ms) and M1 (which has a duration of 143 ms).  And, in the third line, M1 completes 
(because its duration was shorter than that of L2) and M2 is initiated.  As shown in the third line, the 
duration of L2 is decremented by 143 ms so that its duration is now 71 ms (i.e., 214 – 143 = 71). 
 
In addition to showing the duration of each ongoing process, the following information is provided: 
 

(1) For V, A, L1, L2, and I, the word number on which the process is completing is indicated 
inside the square brackets.  For example, L1 in line 1 is being completed on the first word 
(i.e.., L1 170 [0]) while L2 in line 10 is being completed for the second word (i.e., L2 136 [1]).  
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(2) For M1, both the word being targeted by the saccadic program and the intended saccade 
length are indicated in square brackets.  For example, in line 2, the saccadic program is 
intended to move the eyes to the OVP in the second word (i.e., cumulative character space 
10.5) or a total of 6.5 character spaces (i.e., M1 143 [1 6.5]). 

 
(3) For M2, the actual saccade length due to saccadic error in indicated in square brackets.  For 

example, line 3 shows that the saccade will be shorter than intended and only move the 
eyes 6.1 character spaces.  That this happens can be verified inspecting line 5, after the 
saccade has been executed (i.e., [S]), which shows the second fixation is now on cumulative 
character position 10.1 (i.e., pos = 10.1). 

 
Warning: Because simulations typically generate large number of model states, its best to generate 
this output using only a small number of simulated subjects (i.e., NSubjects < 10). 
 
 

 
 
Figure 12.  Example output using displayStates. 
 
(ix) displayTraces – Setting this toggle to “true” will write out a record of each fixation’s number (fix), 
duration (dur) position (pos), along with its corresponding word.  Figure 13 shows an example.   
 
Warning: Because simulations typically generate large number of fixations, its best to generate this 
output using only a small number of simulated subjects (i.e., NSubjects < 10). 
 

 
 
Figure 13.  Example output using displayTraces.  
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5. Final Notes 
 
I’ve done my best to make the code as easy to understand and use as possible.  However, it’s still a 
complicated program and it’s difficult for me to anticipate how the program will be used.  So if you 
run into any problems, please let me know and I’ll do my best to help you.  Good luck! 
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