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• Fixations and saccades in reading 

• Gaze-contingent Moving Window Paradigm 

• Gaze-contingent Boundary Paradigm 

• Why use eye-tracking for investigating language 
comprehension? 

• Reading difficulty reflected by eye-movements 

• Eye-movement regions 

• Eye-tracking metrics 



 

• Javal (1879) identified saccades and 

    fixations. 

• The average fixation duration on a  

    word is 200 – 250ms. 

• During reading, when the eyes will move next is mostly 
determined by linguistic factors. 

• Generally, longer (and more) fixations are made for 
difficult words, sentences and texts. 

 

 

 

 

 

 



• Linguistic factors that affect fixation duration: 
   - Word frequency 
 - Lexical ambiguity 
 - Word predictability 
 - Phonological properties of a word 
 - Plausibility of a word in its context 
 - Syntactic disambiguation 
 - Syntactic complexity 
 - Discourse complexity 
 

 

 

• Some words are not fixated at all. 
 

 

 

 



• Where the eyes move next is largely dependent on 
“low-level” factors, e.g. word length. 

• Readers generally fixate between the beginning 
and middle of words; preferred viewing position 
(Rayner, 1979). 

• Both eyes fixate on locations that are very close, 
but in about 40% of cases, they can fixate different 
characters. 

 



• We make saccadic eye-movements  
    because only the fovea allows a sharp  
    and detailed visual perception. 
 
• The distance the eyes move in each 
    saccade is 7 -9 characters on average. 
 

• A saccade lasts for approximately  
   20 – 30ms; saccadic suppression  
   (Dodge 1898). 
 

 

 

 

                                              Fixations and saccades in reading (Rayner, 1998)  



 

 

 

 

 

 

 

 

 The perceptual span in reading is 3-4 letters to the left 
and 14 – 15 letters to the right of fixation (see Rayner, 
1998). 

 Evidence for this comes from studies using the gaze-
contingent moving window paradigm. 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 See Rayner, Schotter and Drieghe (2014) for a recent example of an eye-
tracking study which utilises this paradigm.  

Pre-critical word    Contingent boundary   Critical word 



 Because eye tracking is sensitive to factors that affect 
language processing, it is a great method for 
investigating language comprehension. 
 

 Is probably the method that is most sensitive to 
comprehension difficulty in context (compared with 
e.g., self-paced reading, ERP). 
 

 Provides a precise record of the time course of 
processing. 
 

 Investigates natural reading in absence of additional 
tasks. 
 



Reading difficulty may (in theory) be reflected in 
different ways: 

 
 1. Longer reading times (more and longer fixations). 
 
 2. Regressions back to previous parts of the text. 
 
 3. Shorter reading times + forward saccades: 
  
  When people experience difficulty, they may quickly    
      check whether subsequent text provides helpful  
      information. 
 
  There is currently no evidence for 3. 

 



When analysing eye-movements, we could sum all fixations in the 
sentence. 

 
This does not tell us where in the sentence difficulty occurs. 
 
We divide the sentence into regions of interest: 
 

     The hunter killed the dangerous poacher with the rifle not long after sunset. 
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• Spaces are included 

with next word. 

fixation numbers 



 First fixation duration: The duration of the first fixation on a 
word/region. 
 

 First-pass times: All fixations from first entering the 
word/region until first leaving it (excludes time spent making 
regressions back to the word).  

 N.B. = gaze duration for single word regions. 
 

Regression-path times: All fixations from first entering the 
word/region until going past it (includes time spent making  
regressions back to the word). 

 N.B. = go-past time, cumulative region time, “first-pass (a)    
             times”. 



Total times: Sum of all fixations on the word/region. 
 

 Second pass times: Sum of all fixations on the word/region after 
going past it. 
 

 First-pass regressions: Percentage of trials on which a regression 
occurred after a first-pass fixation 
 

 Skipping rate: Percentage of trials on which readers skipped the 
word/region.  
 
 

 
 



 
 

   1.When comparing critical regions, you should control for: 
  - number of words 
  - length  
  - word frequency 
  - plausibility 
  - other factors relevant for your experiment. 
 
 
 
 
 
 
 
                                                                                                                Pre-critical region    Critical region    Spill-over region 
 
 
 

     The hunter killed the dangerous poacher with the rifle  not long after sunset. 
        

       The hunter killed the dangerous poacher with the scars not long after sunset. 
 
                                                                                                                                                                                 



 
 

   
     2. Control the region before the critical region. 
 

  - Differences in frequency, plausibility, syntactic complexity,   
       etc. are likely to spill over to the next, critical region. 
 

  - Differences in length may result in different landing position  
   effects. 
 
     3. Control the region after the critical region. 
 

   - If you have late effects, you will be able to detect them in this region. 
  
 
 
 
 
 
                                                                                                                Pre-critical region    Critical region    Spill-over region 
 

 
 
     The hunter killed the dangerous poacher with the rifle  not long after sunset. 
        
     The hunter killed the dangerous poacher with the scars not long after sunset. 
 
                                                                                                                                                                                 



 
4. Do not put your critical or spill-over region at the end of a  
     clause. 
 

  - When you get an effect at the end of the clause, it is unclear  
   whether it reflects immediate processing or sentence wrap-     
       up. 
5. Try to avoid putting your critical or spill-over region at the end   
      or beginning of a line. 
 

  - People often make corrective saccades at the beginning of   
       the sentence.   
 

  - People make fewer fixations at the end of the line so it is   
       harder to find effects. 
 



 
6. Make sure your critical and spill-over regions are sufficiently   
      long enough to detect effects (> 6 characters). 
 

 - Short regions result in many skips and may be hard to analyse. 



 

 

 Thank you for your attention! 


