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This study compared BM25, vector and hybrid retrieval
methods for maintenance procedure search in the
retrieval stage of RAG applied to technical manuals. A
corpus comprising 788 document chunks was
constructed from five manuals, and 60 evaluation
queries, including 30 direct and 30 paraphrased
queries, were prepared. Qwen3-Embedding-8B was
used for vector retrieval, whereas a hybrid retrieval
approach combined BM25 and vector rankings using
reciprocal rank fusion (RRF). Performance was
evaluated using Hit@1, Hit@3, Hit@5, and mean
reciprocal rank (MRR). The results showed MRR values
of 0.2535 for BM25, 0.6355 for vector retrieval, and
0.6415 for hybrid retrieval. Both vector and hybrid
methods significantly outperformed BM25, with no
significant difference between them overall. In terms of
query type, hybrid retrieval performed better on direct
queries, whereas vector retrieval performed better on
paraphrased queries.
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Performance Comparison of Maintenance
Procedure Retrieval Methods for RAG Application
to Technical Manuals: Focusing on BM25, Vector,
and Hybrid Retrieval
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Fig. 1. Overall procedure of the proposed retrieval per-
formance evaluation
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Table 1. Composition of technical manual corpus

Manual No. of chunks Ratio (%)
M1 82 10.4
M2 172 21.8
M3 95 121
M4 123 15.6
M5 316 40.1

Total 788 100
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Fig. 2. Retrieval structure of BM25, vector and hybrid
methods

3.4 97X E L EARA

AMAP L2 Hit@], Hit@3, Hit@52} mean re-
ciprocal rank(MRR)ES A}g35}o]  H7lshqich.
Hit@k= A9 37 49 ) 2 ol L3 1)
£o|o], MRRS 7 Aolo] 4| 2 7 329] &9
9 4> (reciprocal rank) S H#3 o & 4 () &

o g ojgitt.

2

RoH, oF Hid WE 2{7E Aoty
Holm A& A&ttt Fo4E2 0

shsact.

Table 2. Evaluation metrics

Metric Description

Hit@1 Correct answer ranked 1st

Hit@3 Correct answer ranked within top 3

Hit@5 Correct answer ranked within top 5

MRR Mean reciprocal rank of the first correct answer
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Table 3. Overall retrieval performance

Method Hit@1 Hit@3 Hit@5 MRR

BM25 0.1333 0.2667 0.4167 0.2535
Vector 0.5167 0.6667 0.8000 0.6355
Hybrid 0.5167 0.7000 0.8000 0.6415
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Evaluation metric

Fig. 3. Overall retrieval performance by retrieval method
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Table 4. Retrieval performance by query type

Query pisthod Hit@1  Hit@3 Hit@5 MRR

Type
BM25 0.1333 0.3000 05333  0.2807
Direct  Vector 0.5333 0.7000 0.7667 0.6546
Hybrid 0.6333 0.7667  0.8667  0.7299
BM25 0.1333 0.2333  0.3000  0.2363
Para”  \octor 05000 0.6333  0.8333  0.6263
phrase
Hybrid 04000 0.6333  0.7333  0.5532
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Fig. 4. Comparison of MRR according to query type
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Table 5. Statistical comparison of retrieval methods

Query Set Comparison adTuosltrZ;i . Result

BM25-Vector < 0.001 Significant

Overall BM25-Hybrid < 0.001 Significant
Vector-Hybrid 0.726 Not Significant
BM25-Vector < 0.001 Significant

Direct BM25-Hybrid < 0.001 Significant
Vector-Hybrid 0.034 Significant
BM25-Vector < 0.001 Significant

ppharfs_e BM25-Hybrid < 0.001  Significant
Vector-Hybrid 0.295 Not Significant

Note: Pairwise p-values were adjusted using the Holm method.
Statistical significance was determined at a=0.05
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Table 6. Per—query reciprocal-rank comparison

Comparison Higher Equal Lower
Vector vs. BM25 47 6 7
Hybrid vs. BM25 49 8 3
Hybrid vs. Vector (Direct) 9 18 3
Hybrid vs. Vector (ParaPhrase) 7 12 11
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