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A Simulation Study of Cross-Length Transfer of Non-
Adjacent Dependencies based on Simple Recurrent Networks
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Abstract  This study investigated whether simple recurrent networks (SRNs) could learn abstract non-adjacent dependencies and generalize them
across sequences of different lengths. Building on previous findings that highlight the human ability to unconsciously acquire and transfer non-adjacent
structural dependencies (Jiang & Guan, 2018), the present research aimed to evaluate whether SRNs could similarly internalize such structures and
apply them flexibly to novel sequences. This could provide insights into the modeling of implicit learning and transfer processes.

SRNs were trained using tonal sequences derived from the “level/oblique” (ping/ze) categorizations, reflecting prior cognitive categories
available to human participants. The network architecture included input, hidden, and output layers, with feedback loops enabling temporal integration.
A total of 150 SRN models were constructed by systematically varying three key parameters: the number of hidden units (5, 10, 15, 30, 60, or 120),
learning rate (.1, .3, .5, .7, or .9), and momentum (.1, .3, .5, .7, or .9). Each model was subjected to 25 independent training sessions initialized with
random weights, resulting in 3,750 simulations.

Models were exclusively trained on sequences of length 10 and subsequently tested on sequences of lengths 8, 10, and 12. Learning performance
was assessed using cosine similarity scores between the network outputs and target sequences, and z-scores were calculated to quantify discrimination

performance between grammatical and ungrammatical strings. Human benchmark data were sourced from Jiang and Guan (2018). Human learning
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effects were defined as the mean difference in discrimination index (d') between experimental and control groups, framed within =1 standard error (SE)
as the typical human performance range.

The results revealed that trained SRNs significantly outperformed untrained models across all sequence lengths, confirming the successtul
acquisition of the nonlocal dependencies. Furthermore, a notable number of SRNs exhibited discrimination performance that fell within the typical
human range: 35 models for the 8-element test set, 23 models for the 10-element set, and 38 models for the 12-element set. Notably, several SRN
models demonstrated consistent human-like behavior across both trained and novel lengths. Specifically, five models aligned with human data in both
the 8- and 10-length tests, and four models aligned in both the 10- and 12-length tests.

These findings suggest that, under specific parameter settings, SRNs were capable not only of learning abstract non-adjacent dependencies
but also of transferring them flexibly to structurally novel sequences. Compared to earlier studies, which primarily demonstrated SRNs’ learning
fixed-length correspondences, this study highlighted SRNs’ potential to acquire variable-variable mappings, reflecting the concept of “operations
over variables” proposed by Marcus (2001). This indicated a more abstract level of generalization than previously reported, showing that SRNs may
implicitly capture underlying structural principles rather than merely memorizing surface patterns.

The introduction of tonal category labels (ping/ze) as non-terminal markers likely provided a cognitive scaffold that facilitated the abstraction
of structural rules. This approach mirrored how human learners leveraged prior conceptual knowledge to enhance statistical learning, offering insights
into the interaction between prior knowledge and the acquisition of novel patterns.

From a computational modeling perspective, the results implied that SRNs, despite their architectural simplicity, could mimic key aspects of
human implicit learning, including structural abstraction and transfer. Furthermore, the ability of some SRNs to perform comparably to humans under
specific conditions supported the use of SRNs as viable models for studying the cognitive mechanisms underlying implicit knowledge acquisition and
generalization.

This study broadly contributed to bridging cognitive psychology and artificial intelligence research. The findings suggested that relatively simple
recurrent architectures possess latent capacities for flexible generalization, an essential feature for developing Al systems capable of human-like
learning. Additionally, by examining SRNs’ behavior on non-finite-state structures resembling those found in natural language, the study enriched our
understanding of how internal memory dynamics support the processing of complex structures.

Overall, the present work advanced the field by systematically demonstrating the capacity of SRNs for abstract, nonlocal dependency learning
and structural transfer. It provides empirical evidence for their utility in modeling implicit learning processes and contributes to theoretical foundations
of future cognitive and Al modeling efforts.
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