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Development of Writing Support Software Using Integrated Learning of Semantic
and Syntactic Structures
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We examined a language model that integrates syntactic and semantic
structure learning models, aiming to support sentence composition by second language learners. We
elucidated the model®s grammatical error correction capabilities, which are closely related to
syntactic and semantic learning, which are closely related to grammar. Additionally, we proposed a
learning method to reconstruct synthetic training data for grammatical error correction models
trained on linguistic corpora, successfully improving their grammatical error correction
capabilities.

Furthermore, we developed application software that, upon inputting an English sentence, identifies
grammatical errors using the proposed grammatical error correction model and simultaneously displays
the concepts and synonyms of words from the Wordnet database. These achievements contribute to
supporting the learning of second language learners.
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Synthetic  Training Datasets Stage CoNLL2014 test BEA20109 test
I II 1m| P R Fo5| P R Foys

PIE-OM  Original S 604 31.8 512|543 415 51.1
PartiallyRecovered S 587 323 504 | 512 429 493
Proposed S 66.5 463 61.2 | 683 609 66.7
Original+BEA2019 S A 642 453 59.2 | 613 585 60.7
PartiallyRecovered+BEA2019 S A 63.7 455 59.0 | 60.0 59.3 59.8
Proposed+BEA2019 S A 640 45.1 59.1 | 60.0 58.8 59.8
Original+BEA2019 S A | 724 40.2 624|764 534 703
PartiallyRecovered+BEA2019 S A | 728 39.1 62.1|764 523 700
Proposed+BEA2019 S A | 70.7 435 628|743 57.0 70.1
Proposed+PIE-34K S S | 739 395 629 |78.1 535 715
Proposed+C4-34K S S | 751 375 625|797 522 721
Original+BEA2019 S A A 691 468 629|750 56.6 705
PartiallyRecovered+BEA2019 S A A | 733 42.1 639 | 750 56.5 704
Proposed+BEA2019 S A A |734 415 636|758 553 70.6

C4-200M  Original S 642 39.1 569|629 504 599
Proposed S 663 479 61.6 | 68.1 620 66.8
Original+BEA2019 S A 65.6 463 60.6 | 61.2 60.5 61.0
Proposed+BEA2019 S A 63.7 459 59.1 |59.6 59.5 595
Original+BEA2019 S A | 725 421 633|781 563 725
Proposed+BEA2019 S A | 709 447 634 | 73.1 58.8 69.7
Proposed+C4-34K S S | 753 400 64.0 | 779 546 71.8
Proposed+PIE-34K S S | 748 399 63.6 782 543 71.8
Original+BEA2019 S A A |729 431 64.0 | 758 583 715
Proposed+BEA2019 S A A |734 414 636|751 563 704
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Error Types
L2
Synthetic Dataset x"ly"/D | #tokens #edits Entropy Dkr(Dwil|) Dxkwu(Dcoll-)
(#sentences) [bit]
PIE-OM x 25.1 — — — —
(8.42M) % 252 - - - —
y 254 — — — —
¥ 25.1 — — — —
Original D(x*, ") — 245 3.79 0.216 0.198
Proposed  D(x',¥") — 1.60  3.87 0.186 0.216
Random D(X,y?) — 1.62 3.79 0.198 0.216
C4-200M x 25.7 — - — —
(8.42M) y 25.7 — — — —
¥ 25.8 — — — —
Original D(x,y?) — 4.04 3.80 0.093 0.177
Proposed  D(x¢,§?) — 1.26 3.80 0.196 0.369
W&I+LOC Dwi(x",y*) — — 3.88 — 0.128
CoNLL2014 Deo(xt, ) — — 3.86 0.143 —
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