What Makes a Sentence Hard to Read? Disentangling the Contributions of Syntax
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Syntactic complexity has long been associated with cognitive processing difficulty. Psycholinguistic
accounts have extensively investigated the mechanisms underlying syntactic processing, including
dependency formation, retrieval demands, and locality constraints. At the same time, measures
used to predict reading difficulty often emphasize lexical properties, motivating further investigation
of how sentence-level syntactic complexity contributes to processing difficulty. In this study, we
investigate how sentence-level syntactic complexity predicts reading difficulty, operationalized as
total fixation time at the sentence level, computed as the sum of fixation durations for all tokens
in the sentence, in the OneStop English eye-tracking corpus [1]. We compare constituency-based
measures, including tree depth, number of nodes, average branching factor, and entropy reduction
[6], with dependency-based measures such as dependency length [3, 5], computed using both
Universal Dependencies (UD) [2] and Surface-Syntactic Universal Dependencies (SUD) [4]. Our
objective is to determine which syntactic measures best explain sentence-level reading difficulty
beyond lexical frequency, surprisal, and sentence length.

We analysed 1,580 sentences parsed with Stanza [8] and evaluated the contribution of each com-
plexity measure using separate sentence-level linear mixed-effects regression models. For each
complexity measure, we compared a model including the measure against a baseline model with-
out the complexity measure, while controlling for lexical frequency, GPT-2 surprisal, word length,
sentence length, and sentence position. Model performance was assessed using 10-fold cross-
validation and changes in log-likelihood relative to the baseline. Entropy reduction was computed
from a probabilistic context-free grammar induced from the Penn Treebank [7], while dependency
length was calculated from both UD and SUD dependency parses.

Our results show that syntactic complexity contributes to sentence-level reading difficulty, but not
all measures are equally informative. Entropy reduction, number of nodes, and dependency length
based on UD significantly improved prediction of reading time, whereas tree depth, average branch-
ing factor, and dependency length based on SUD did not as shown in Figure 1. Furthermore,
among the complexity measures showing positive contributions in the individual models, we evalu-
ated whether additional measures provided incremental predictive value beyond entropy reduction
(Figure 2). Adding UD dependency length to the entropy reduction model provided complementary
predictive information, whereas adding number of nodes did not improve the model, suggesting sub-
stantial overlap with entropy reduction. These findings support a multi-dimensional view of syntactic
complexity and highlight the importance of combining structural and information-theoretic measures
when modelling sentence-level cognitive processing difficulty.
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Figure 2: Mean cross-validated delta log-
likelihood per sentence for models including
DL_UD or Number_of_Nodes relative to the
baseline model with entropy reduction. Error
bars indicate £1 standard error across sen-
tences, reflecting the additional improvement
in predicting reading time provided by each
complexity measure.

Figure 1: Mean cross-validated delta log-
likelihood per sentence for each extended
model relative to the baseline. Error bars in-
dicate 1 standard error across sentences,
showing the improvement in predicting read-
ing time provided by each complexity mea-
sure.
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