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Output Formation of Within-Unit and Between-Unit Transitions in
Small GPT Models
Trained from Scratch on Cross-Subject Synthetic Textbook Sequences

TOMOKI SAKAL:®)

Abstract: This study investigates when repeated within-unit and between-unit transitions in hierarchical
Japanese textbook-like sequences emerge in the outputs of small GPT models trained from scratch. We
constructed twelve synthetic units crossing three subjects with four themes and compared four ordering
conditions: subject-blocked, theme-interleaved, valid unit-shuffled, and within-unit role-block-shuffled. In
total, 120 model runs combined two model sizes, three layout seeds, and five model seeds and were evaluated
at seven training checkpoints. Free generation and teacher-forced candidate scoring were analyzed jointly,
with each model run treated as the statistical unit. Between-unit structure selectivity was computed only at
positions where the target and all competing sequences prescribed different next units. At iteration 700, selec-
tivity was positive in all 120 runs. After Holm correction, attribute-structured sequences showed no stronger
trained-sequence reproduction than valid shuffled sequences. For within-unit transitions, strict completion-
prefix matching and first-detected-role classification showed that local selectivity in the role-block-shuffled
condition reached 0.892 for the 0.8M model and 0.917 for the 2.67M model. With the same number of updates
and processed character tokens, adaptation emerged at earlier checkpoints in the 2.67M model. Within the
tested regime of character-level models, a context length of 64, and up to 3.07M processed tokens, output
formation followed repeated within-unit and unit-boundary transitions, while attribute-structured ordering
did not yield stronger adaptation than valid shuffled ordering.

Keywords: small language model, synthetic textbook sequence, training dynamics, data ordering, autore-
gressive generation
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