
Word Familiarity Classification From a Single Trial Based on
Eye-Movements. A Study in German and English

Margarita Ryzhova∗
Iza Škrjanec∗

mryzhova@coli.uni-saarland.de
skrjanec@lst.uni-saarland.de

Saarland University
Saarbrücken, Germany

Nina Quach
Saarland University

Saarbrücken, Germany
s8niquac@stud.uni-saarland.de

Alice Chase
Saarland University

Saarbrücken, Germany
avchase@coli.uni-saarland.de

Emilia Ellsiepen
Saarland University

Saarbrücken, Germany
emilia@lst.uni-saarland.de

Vera Demberg
Saarland University

Saarbrücken, Germany
vera@coli.uni-saarland.de

ABSTRACT
Identifying processing difficulty during reading due to unfamiliar
words has promising applications in automatic text adaptation.
We present a classification model that predicts whether a word is
(un)known to the reader based on eye-movement measures. We
examineGerman and English data and validate ourmodel on unseen
subjects and items achieving a high accuracy in both languages.

CCS CONCEPTS
• Applied computing → Psychology; • Computing methodolo-
gies→ Cross-validation; • General and reference→ Experi-
mentation.
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1 INTRODUCTION
Comprehension difficulty during reading can arise from unfamiliar
words, i.e. reading a word we have not encountered before. Research
shows that this difficulty is evident from eye movements [Lowell
andMorris 2014]. In this work we present a classificationmodel that
uses reading measures to predict whether or not a reader is familiar
with the target word. While most related studies [Ahn et al. 2020;
∗Both authors contributed equally to this research.
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Bingel et al. 2018; Makowski et al. 2018; Reich et al. 2022] focus on
predicting comprehension and difficulty from eye movements on
longer text passages, our study attempts classification based on a
single trial. We evaluate the robustness of our model by testing on
unseen subjects and items. The study was conducted for English
and German.

2 EXPERIMENT
The materials comprised 12 sentences each in two conditions: con-
trol and pseudo. In the German example “Viel Geld wurde investiert,
bevor der Satellit|Latendit endlich in die Umlaufbahn gelangte",
“Satellit" is the control, while “Latendit" is the pseudoword. An Eng-
lish example is “Sally was impressed by the hospitality|turbitolity
she experienced during her travel". Control words were commonly-
known1 real words (7-14 characters long), placed in the middle of
the sentence. Pseudowords were generated wrt. the control words
using Wuggy [Keuleers and Brysbaert 2010]. Each subject read 3
sentences in the pseudo condition, 9 in the control condition, and
16 fillers. Subjects’ eyes were tracked with an EyeLink 1000+ (SR
Research) eye tracker. Subjects were native speakers of the corre-
sponding language with normal or corrected-to-normal vision. For
German, we had 18 subjects (8 female; 19-53 y.o.) and for English,
20 (7 female, 1 non-binary; 18-33 y.o.).

3 MODELLING
The analysis procedure was the same for both languages. First, we
use filler words to fit a regression model for each reading measure
separately (first-fixation duration, first-pass duration, number of
regressions out, number of fixations, and dwell time) with word
length, log word frequency and log trial order as main effects and
by-subject random intercepts [Ferreira and Clifton 1986]. Then, we
use these models to residualize the predictors of a logistic regression
model to classify critical words as known vs. unknown to the reader.
The classifier is trained with 𝑘-fold cross validation. We test the
classifier’s robustness in three scenarios: 1) known subjects and
items, 2) held-out subjects, 3) held-out items. The classification
model included only significant predictors. For both languages,

1Word frequency estimates were obtained from the CELEX database [Baayen et al.
1995].
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dwell time was the most important predictor in the classifier. For
English, the number of fixations furthermore significantly improved
the model fit. In both languages, the performance degrades slightly
for unseen subjects, and also for unseen items in English (Table 3).
The confusion matrices (Tables 1 and 2, for German and English
respectively) show known words are rarely misclassified, while
unknown words might sometimes be read faster and therefore be
misinterpreted by the model as known.

Table 1: Confusion matrix for single-trial word familiarity
classification in German

Predicted
Control Pseudo

Tr
ue Control 141 2

Pseudo 7 42

Table 2: Confusion matrix for single-trial word familiarity
classification in English

Predicted
Control Pseudo

Tr
ue Control 170 4

Pseudo 10 50

Table 3: Pseudoword F-scores in 3 scenarios.

German English
1 0.90 0.88
2 0.89 0.84
3 0.90 0.87
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