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Background 

Syntactic complexity is widely recognized as a multi-faceted construct influenced by linguistic, 

register, and situational variation (Biber et al., 2011). At the same time, psycholinguistic and formal 

work has long emphasized hierarchical structure as a key source of processing complexity (Frazier, 

1985; Yngve, 1960). While multi-dimensional approaches caution against a single omnibus metric, there 

remains a need for operational measures that capture specific structural dimensions in a theoretically 

interpretable way. This study adopts a complementary perspective, focusing on hierarchical integration 

as one dimension of syntactic complexity. 

Method 

We propose Mean Syntactic Distance (MSD), defined as the mean distance from a root node to 

subordinate non-lexical nodes within syntactic tree fragments (See Figure 1). Unlike dependency-based 

metrics such as MDD and MHD, which rely on pairwise lexical relations, MSD captures hierarchical 

relations among syntactic constituents, allowing for a more structurally grounded representation of 

syntactic integration. Spoken learner data (c. 130,000 words) from 207 Japanese learners of English 

were analyzed longitudinally at two time points (junior high school and senior high school). Syntactic 

parsing was conducted using Stanford Parser (Klein & Manning, 2003), and tree fragments were 

extracted using Disco-DOP (van Cranenburgh et al., 2016). These tree fragments can also be interpreted 

as usage-based units of syntactic representation, reflecting learners’ probabilistic knowledge of 

recurring structural patterns rather than abstract sentence-level configurations. The average MSD over 

all spoken sentences was computed for each learner. A generalized linear mixed-effects model (Gamma 

distribution, log link) was fitted, with MSD as the dependent variable, school year as a fixed effect, and 

learner as a random intercept. 

Figure 1 

Example Derivation of Mean Syntactic Distance 
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Figure 2 

Predicted MSD values for junior/senior high school 

Results 

The analysis revealed a significant increase in MSD from junior to senior high school (β = 0.058, SE 

= 0.003, z = 16.86, p < .001; Figure 2), indicating increased hierarchical integration over time. Random 

intercept variance was small, suggesting relatively homogeneous developmental trajectories. 

 

Conclusion 

MSD captures a specific dimension of syntactic complexity—hierarchical integration—providing a 

theoretically interpretable and stable metric for longitudinal analysis. Rather than functioning as an 

omnibus measure, it complements multidimensional approaches and fine-grained structural analyses. 

The dataset and analysis scripts will be made publicly available to support transparency and 

reproducibility. 
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