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[Abstract]

This study investigates whether self-training with in-domain unlabeled data can safely improve early-stage toxic-comment
detection under limited labeled-data conditions. The effectiveness of a single self-training iteration in improving the model
performance was experimentally evaluated using the Korean Hate Speech corpus. The incorporation of high-confidence
pseudo-labels (p = 0.95) reduced false positives and maintained calibration reliability, as measured by the Brier score. When the
threshold was relaxed to p = 0.90, balanced evaluation metrics such as the macro-F1 and PR-AUC exhibited small but consistent
gains while preserving the original performance level in early-stage detection. These findings confirm that even one round of
self-training contributes to performance consistency and robustness in low-resource scenarios. The results highlight the practical
utility of self-training-based semi-supervised learning for Korean toxic-speech detection, thereby offering a lightweight and
deployable model that yields safe minor gains while maintaining reliable predictions without extensive manual annotation efforts.
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Table 2. Summary of evaluation and reporting units

[tem Setting (concise)

KHS labeled data: train 7,896/ dev 471/
test 974(test = final eval only)
High—confidence, two—-sided: toxic
(p Wge 0.95), normal (p ¥le 0.05)
(sensitivity check: 0.90 / 0.10)

Text hygiene (min length; dedup/URL removal);
remove overlap/leakage vs. labeled set

Splits

Pseudo-label
thresholds

Quality control

Train on labeled U pseudo—labeled; cap class
share; class_weight="balanced"

TF-IDF (word 1-2g; char 2-5g) + L2 logistic;
compare Platt vs. Isotonic

Retraining inputs

Vectorization &
calibration

Primary metrics Macro—-F1, PR-AUC (test distribution fixed)

Operational

(triage) metrics Precision@k, Recall@k, (k Win {1%,

5%, 10%})

Safety/Stability (WDelta)FPR at matched recall; Brier score

Block bootstrap on test(e.g., 5,000 reps);
report 95% Cls
Multiple BBenjamini—Hochberg FDR 10%
comparisons (when comparing multiple (k))

Note: All fitting procedures (vectorization, calibration, and
threshold selection) were performed exclusively on the training and
development sets, and the test set was kept untouched throughout
the entire process.

Uncertainty

LB M5 RN U Y

4-1 71243} 2171845 (12], p20.95) A&

B A A= g glo|Ejuko 7 al2at 7] =
o Fxol| Al orfEbE(p=0.95, ¥ VIS ¢ W
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ol A H] g}, A9 449 &&Macro-F1,
PR-AUC, Precision/Recall@k)@} AAIzk 82 <A
(5 AL ] FPR W3}, Brier score)S Ao 18]
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A, B5 FEZEU(5,0008) &3l 43 95% Al=77t
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CIL: 0.855-0.895), self-training =32 0.8779(95% CI:
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=0.0027(95% CI: —0.020-0.030)2.%, 7|4 Z A= uj
- 23 AE] 7] 08 3 Macro-F1 9A] 7154
0.6086(95% CI: 0.57-0.65), self-training 0.6074(95%
CI: 0.57-0.65)2 A=-0.0012(95% CI: —0.04-0.04)) &
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WS F 1yo] s FUsHA A% 9], self-training 1
§17} X]“H AGdle] £ 725 SEX e Hol &g
Hr) aokshd, 314lE] oApES 13] Yt A9 dev

%f:;_ o4 %5 A3t glol PR-AUCT} vAIshA| sl 4
Fo] A EHE Wolnl, Macro-F13} PR@K: 715413}
A BA WSl R,
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self-training 13]& dev &8 7|50 2
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Table 3. Baseline vs. one-round self-training (p=>0.95): Performance & reliability on dev

Model / Metric | Macro—F1 PR-AUC | P@1% | R@1% | P@5% | R@5% |P@10% |R@10% Brier gzzg
(IaE:ISéi:i‘r;?Iy) (057-065) | (0.855.0605) | ' | 0015 | 09583 | 0.0714 | 0.9563 | 0.1420 | (s 0207 ) ~
oo C paauco| SETE | DTS |1 Joorss osaa|oorrs | ossea | arezm | S207 | SO06T

A (self = Base) | (050 0 |(—0.020-0.030) ° 0 0 0 0 0 |—o.000:0.008 —

Notes. Values in parentheses indicate 95% confidence intervals based on block bootstrapping (5,000 resamples). P/R@k measures ranking
quality under an early-response scenario in which only the top k% of items can be reviewed. AFPR@Recall denotes the difference in false
positive rates after aligning each model’s decision threshold to the baseline’s recall; more negative values indicate fewer false positives. Lower
Brier scores indicate more reliable predicted probabilities at the policy decision threshold.
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Table 4. Self-training adoption, performance, and reliability by threshold (dev split)

Model MacroF1 PR-AUC | P@5% | R@5% Brier AFPR@Recall* | Pseudo N (gjg/”nde‘;)
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