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While the proliferation of digital learning environments has increased the use of diverse multimedia materials, this often leads to passive

learning. Existing text-based automatic question generation technologies are insufficient to overcome this limitation. Therefore, this study

proposes an Al-based system (MLSQ) that integrates and analyzes video lectures and written materials. This system precisely fuses text

data extracted via OCR and STT, along with handwriting information detected from the lecture video as a key emphasis point, based

on temporal information and inputs it into a Large Language Model (LLM) to summarize learning content and automatically generate

both short-answer and multiple-choice questions. Performance evaluation results showed that the proposed multimodal fusion method

demonstrated improved performance over single-modal approaches, with a maximum increase of 3.4%p in BLEU score and 3.1%p in

ROUGE-L score. Furthermore, in a 5-point Mean Opinion Score (MOS) user evaluation, the system demonstrated its educational practicality

and effectiveness by achieving high scores above 4.0 in all categories, with ‘Speech Conversion Reliability’ and ‘Learning Suitability of

Question Generation’ receiving an average of 4.33.

Keywords : Multimodal, Automatic Question Generation, Learning Material Summarization, Large Language Model, Optical Character

Recognition
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Fig. 4. Actual Results of Vision Processing
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Table 1. Prompt Design and Structure for Each Task
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Table 2. Performance Comparison of OCR Models
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Table 3. Performance Comparison of STT Models

Recall | Precision on | CER | Inference

Model @ ) F1 (%) @ | Time
EasyOCR 88.5 90.2 89.3 8.5 0.6
TrOCR 91.3 93.0 92.1 7.1 3.2

TesseractOCR | 87.6 85.5 86.7 12.4 1.0
PaddleOCR 83.0 85.6 86.2 | 11.4 0.7
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DeepSpeech 12.3 9.8 1.7

Table 4. Performance Comparison of LLMs

LLM Model BLEU (%) ROUGE-L (%)
EEVE-Korean-10.8B 59.3 68.5
GPT-3.5 58.2 65.7
KoGPT 55.6 62.4
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Table 5. Performance Comparison between MLSQ and
Single-Modal Approaches for Summarization and
Question Generation

System BLEU (%) ROUGE-L (%)
OCR Ollama 58.2 67.0
STT Ollama 57.8 68.4

MLSQ 61.2 70.1
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