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1. A few basic facts about eye movements in reading 
2. Modeling the basic facts with SWIFT 
3. Application to individual differences 
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Eye	  Movements	  and	  Fixa6ons	  During	  Reading	  

Kliegl,	  2007;	  Heister,	  Würzner,	  &	  Kliegl	  (2012)	  	  
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Launch	  site	   Saccade	  amplitude	  Fix	  posi6on	  

Data	  
80	  530	  single	  fixa%on	  dura%ons	  (1st-‐pass)	  
Random	  factors	  in	  linear	  mixed	  model:	  
subject	  (273);	  sentence	  (144);	  word	  (369)	  



Immediate	  Effects	  of	  Frequency,	  Predictability,	  &	  Fixa6on	  Posi6on:	  
Potsdam	  Sentence	  Corpus	  

    wordn

Kliegl,	  Nuthmann,	  &	  Engbert	  (2006)	  

Predictability	  =	  prob(guessing	  word	  n	  |	  words	  1	  to	  n-‐1);	  83	  guesses/wrd;	  

metric:	  logits	  [log	  of	  odds;	  e.g.,	  log(1:1)	  =	  0].	  	  



Distributed	  Processing	  Effects	  During	  Reading	  
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Successor	  effect	  

In	  SWIFT:	  Height	  of	  curve	  
corresponds	  to	  rate	  of	  
informa6on	  extrac6on	  



Models	  of	  Eye	  Movement	  Control:	  Visual	  AOen6on 

Aben%on	  
Spotlight	  
	  

e.g.,	  
-‐  Morrison	  
-‐  E-‐Z	  Reader	  

Aben%on	  
Gradient	  
	  

e.g.,	  
-‐  SWIFT	  2	  
-‐  Glenmore	  

Zoom-‐lens	  
of	  Aben%on	  
Eriksen	  &	  St	  James,	  1986	  
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Figure 1. Processing span. The letter-based processing span extends from −δL = −3 to

δR = 3, ..., 7 in the example.

where the normalization constant

λ0 =
3

2
·

1

δL + δR
(5)

is necessary to scale the total processing rate to unity.

3 Word-based processing rate

Letter j of word n receives a processing rate λ(ϵnj) when located at an eccentricity of ϵnj. These

letter-based processing rates must be combined to a word-based rate λn(t) for word n at time

t, i.e.

λn(t) = L−η
n

Ln
∑

j=1

λ(ϵnj(t)) , (6)

where Ln is the word length (number of letters) for word n and η is the word-length exponent

(0 < η < 1).
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Engbert, Nuthmann, Richter, & Kliegl (2005, Psychol. Rev.) 

Theoretical principles 

1.  Spatially distributed processing of 
words („activation field“) 

2.  Separate pathways for saccade target 
selection and timing 

Example of SWIFT Simulation 

Distributed processing during eye fixations in reading 
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Word difficulty 

Lexical difficulty of 
word n

€ 

Ln =α −β log fn

Word difficulty 

From: Engbert et al. (2005) Psychol. Rev. 112, 777-813

fn:  printed word 
      frequency 

Engbert et al. (2005) Psychol. Rev. 



Result from numerical simulations: 
(Luce‘s unbiased choice rule, 1959) 

Probability computed from dynamic field

€ 

π(n,t) =
a

n

γ (t)

a
j

γ (t)
j=1

N
∑

Saccade target selection 

random target selection 
winner-takes-all 

€ 

γ = 0 :
γ →∞ :

€ 

γ ≈ 1

Saccade target selection: A stochastic process 

Engbert et al. (2005) Psychol. Rev. 



Dynamic field theory 
Equation of motion: N coupled differential equations 
 
 
 
 

 
 
   preprocessing factor, 
  modulated by word predictability 

 
    
   stochastic processing rate:  
  random walk (e.g., Ratcliff, 1978) 

 
   global (constant) decay of activation 

  

€ 

dan
dt

= Fn(t)Λn(t)−ω

€ 

Fn(t)

€ 

ω

€ 

Λn(t)

Temporal evolution of activations  

Engbert et al. (2005) Psychol. Rev. 



From perceptual span to processing rates 

Engbert et al. (2005) Psychol. Rev.

Eccentricity of letter j of word n 

Jede Sprache der Welt ... 

   k(t) 
fixation 
position 

   1             2            3       4        5 word n 

1 2 3 4 letter j 

   ε2,3(t)
eccentricity 

Engbert et al. (2005) Psychol. Rev. 



Eccentricity εnj(t) of   
letter j of word n 

Gaussian-distributed 
processing rates for  
letters λ(εnj(t))

Processing rate of  
word n  

Processing  
rate

0                    Eccentricity€ 

σ L

€ 

σ R

From perceptual span to processing rates (cont‘d) 

Engbert et al. (2005) Psychol. Rev.



The SWIFT model: An overview 

Set of Lexical  
Activations

Where?

Target
Selection
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Execution

Engbert et al. (2005, Psychol. Rev.) 
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Engbert et al. (2005, Psychol Rev) 



Engbert, Nuthmann, Richter, & Kliegl (2005, Psychol. Rev.) 

Theoretical principles 

1.  Parallel processing of words 
in the perceptual span 

2.  Target selection according to lexical 
activation of „field“ of words 

3.  Autonomous saccade programs, 
modulated by foveal inhibition 

4. - 7.  Sacc. program, oculomotor control 

Model fitting 

1.  222 readers, ~ 220 K fixations 

2.  For each of 850 words: Mean of 
4 fix probs (0, 2, 3+, regression), 
4 fix durs (single, 1st, 2nd, total), + 

3.  ~ 6800 means, 13 free parameters,  
estimated w/ genetic algorithm 

Example of SWIFT Simulation 

SWIFT 

Engbert et al. (2005, Psychol Rev) 



Numerical Results: Word-based Measures 

Engbert et al. (2005, Psychol. Rev.) 



Word length and frequency Recovery of Fixation Durations and Probabilities 

Engbert et al. (2005, Psychol. Rev.) Engbert et al. (2005, Psychol Rev) 



Results: Landing-Position Distributions 
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