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Introduction

Design & Methods

• Previous work revealed that lexical decisions require completion of six 
cognitive processing stages1

• Lexical decisions for frequent and infrequent words differ only in duration of 
a late (~ 400 ms) processing stage1

• Using novel machine learning (HsMM-MVPA2) we investigated continuous 
frequency effects for words and non-words on early processing stages

Lexical Decision Task

• 26 native Dutch speakers 
performed 500 lexical 
decision (LD) trials

• 125 pseudo-words, 125 
random strings, 250 words

• Stimuli were obtained from 
the DLP3 corpus

Google Frequency Measure

• For words and non-words 
the Google result count4 
was used as frequency 
measure

• Correlates with traditional 
frequencies but also other 
features4 (e.g. OLD20)

•  
information - good word 
familiarity measure  

Machine Learning (HsMM-MVPA)

• Recovers cognitive stages by 
bump 

topologies in EEG (MVPA)

• Stage duration can differ 
between trials (HsMM)

• Provides trial-level 
cognitive stage onset 
and duration estimates2

Early Frequency Effects Robust to Alternative Analysis

 
SUBTLEX Frequencies Have Negative Effect on All Durations

• Different from Google frequencies where early positive effect reverses later
• SUBTLEX6 familiarity effect on early processes

Limitation: GAMM analysis does not account for onset uncertainty

Discussion

Conclusion
• early visual processing7 and 

orthographic encoding8 to be sensitive to stimulus properties

• Word type effect is very prominent in stage four - potentially indicating an 
early binary discrimination between words and non-words

• -
ences between stimuli are considered to reach a conclusive LD1

Word familiarity information is utilized differently at every 

by each step.
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Word Type Has Main Effect on Late Processes (~ 300 ms)

• Differences in duration 
of  
between word types 

• Scalp topology preceding 
 

word types
 

Frequency and Word Type Have Effects on Earliest Processes

• Generalized additive mixed 
models5 (GAMM) were used to 
model word type and frequency 
effects

• Weighted mean of trial-level 
onset distribution estimated by 
HsMM-MVPA used as dependent 
variable

• Surprisingly early (< 100 ms) frequency and word type interaction

• Positive effect of frequency in early but negative effect in late stages

• Prominent Word type effect in stage four

• Complex non-linear interaction effects 

Results
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