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Manual indexing of digital books is time-consuming and prone to inconsistency. To
address this, this study developed an automatic indexing system using RAKE (Rapid
Automatic Keyword Extraction) method and Word2Vec. The system accepts PDF
files as input, performs text preprocessing, and extracts key phrases using RAKE.
These phrases are subsequently filtered based on semantic relevance to the specified
topic using an Indonesian-language Word2Vec model. Users can manually add
phrases and select relevant ones to be included in the final index. The resulting index
includes phrases, page numbers, and relevance scores, which are inserted as an
additional page at the end of the PDF document. Evaluation was conducted by
comparing the system-generated index with the author’s manual index using
precision, recall, and cosine similarity metrics. The results indicate that although
precision and recall were very low, a cosine similarity score of 0.69 suggests a
semantic similarity between the system output and the author’s index.
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1. INTRODUCTION

An index is an essential element of a book that serves as a guide for readers to quickly and efficiently locate
specific information (Supriadi & Fitriyani, 2021; Laila, 2020). The process of creating a well-structured index requires
careful analysis of the book’s content, including the identification of relevant keywords. However, manual index
preparation is often time-consuming and demands a deep understanding of the book’s subject. For books with
numerous pages or complex topics, manual indexing may result in inconsistencies in term selection or page
referencing. The lack of efficient supporting tools also makes the process a burden for authors or editors. Therefore,
a more systematic and automated approach is needed to ensure faster, more accurate, and consistent index generation
without compromising content quality. Such automation is increasingly relevant in the digital era, where the number
of digital publications continues to rise and efficient navigation is highly demanded.

Recent advancements in Natural Language Processing (NLP) enable the automated analysis of text, including
the extraction of keywords from documents such as articles, news, and digital books (Firoozeh et al., 2020; Nomoto,
2023). One effective keyword extraction approach is the Rapid Automatic Keyword Extraction (RAKE) algorithm
(Benita & Baizal, 2022; Baruni & Sathiaseelan, 2020). This method can identify important words or phrases within a
document based on their occurrence and co-occurrence patterns. Previous research (Benita & Baizal, 2022)
demonstrated that RAKE is capable of generating relevant and efficient automatic indexes for various document types.
RAKE was chosen in this study due to its simplicity and efficiency in extracting key phrases without requiring external
corpora or model training. Compared to methods such as TF-IDF, which relies solely on word frequency, or TextRank,
which uses graph-based complexing, RAKE produces meaningful multi-word phrases using stopwords and
punctuation as delimiters (Baruni & Sathiaseelan, 2020; Guda et al., 2023). This makes it particularly suitable for
processing long documents such as digital books.

Furthermore, Word2Vec, a machine learning-based algorithm, can represent semantic relationships between
words in vector space (Yilmaz & Toklu, 2020; Di Gennaro, Buonanno, & Palmieri, 2021). This approach allows the
identification of semantically similar words within a document. Although Word2Vec has some limitations in capturing
syntactic relations, it is effective in modeling semantic similarity between terms. By leveraging word embeddings,
Word2Vec enhances the contextual accuracy of the generated index. This study aims to develop an automatic indexing
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system for Indonesian-language digital books using a combination of RAKE and Word2Vec. The proposed system
automates keyword extraction, identifies contextually relevant terms, and generates an index page appended to the
processed PDF. The novelty of this research lies in integrating RAKE and Word2Vec for semantic-based indexing in
the Indonesian language, as well as evaluating its performance using precision, recall, and cosine similarity metrics.

2. RESEARCH METHOD

2.1. RESEARCH FLOW

This research aimed to develop an automatic indexing system for digital books utilizing the RAKE (Rapid
Automatic Keyword Extraction) and Word2Vec methods. The system automatically identifies important phrases from
the text, determines their relevance using semantic similarity, and generates an index page that is appended to the end
of the original PDF book. The research flow consists of five main stages: (1) data collection, (2) data preprocessing,
(3) keyword extraction using RAKE, (4) semantic similarity analysis using Word2Vec, and (5) system evaluation
using Precision, Recall, and Cosine Similarity.

1. Data Collection

The input data used in this study were digital books in PDF format written in Indonesian. A reference index
file (ground truth) was also used to evaluate the accuracy of the automatically generated index.
2. Data Preprocessing
Before applying the extraction methods, the text data from the PDF was processed through several stages:
e PDF Conversion: Extracting text from PDF files using the PyMuPDF library.
e Normalization: Converting all characters to lowercase, removing punctuation and special symbols.
e Tokenization: Splitting sentences into individual tokens (words).
e Stopword Removal: Removing non-essential words using the Indonesian stopword list from Sastrawi.

2.2. KEYWORD EXTRACTION USING RAKE

RAKE (Rapid Automatic Keyword Extraction) was used to extract candidate key phrases from the
preprocessed text. RAKE works by identifying word co-occurrences and calculating the degree-to-frequency ratio for
each word, which is used to score phrases. The RAKE scoring equation is expressed as:

frequency(w)

Score(P) = z _degree(w) _ (1) where Score(P) represents the score of phrase P, degree(w) is the
weP

number of co-occurring words with w, and frequency(w) is the number of times w appears in the document.
The system extracts the top 100 phrases ranked by RAKE score, which include phrases consisting of 1-3 words.

2.3. WORD2VEC SEMANTIC SIMILARITY

To enhance the relevance of extracted keywords, the Word2Vec model (specifically FastText pretrained
model cc.id.300.vec) was applied to measure the semantic similarity between each keyword and the input topic
provided by the user. Each word or phrase is represented as a 300-dimensional vector, and the average of its word
vectors is used to represent multiword phrases. The similarity is computed using the cosine similarity formula:

AB

m (2) where A and B are vector representations of the keyword and topic,

Cosine Similarity =

respectively.
Keywords with similarity values above a specified threshold are considered relevant.

2.4. SYSTEM DESIGN AND ARCHITECTURE

The system was designed as a web-based application using the Flask framework. Figure 1 illustrates the use
case diagrams of the system, which involve one main actor: the Author. The author can upload PDF files, input topics,
view automatic indexing results, manually add phrases, and evaluate the accuracy of the generated index.
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Figure 1. Use Case Diagram of the Automatic Indexing System

The architecture consists of three main components:

1.

3.

Frontend (User Interface) — built using HTML, CSS, and Bootstrap for uploading files, displaying
keywords, and showing evaluation results.

Backend Processing — handles keyword extraction (RAKE), semantic analysis (Word2Vec), and evaluation
computations.

PDF Generator — generates and appends the final index page to the uploaded book using ReportLab.

Figure 2 illustrates the overall activity diagram of the automatic indexing process, which encompasses steps
for uploading the book, performing preprocessing, running RAKE and Word2Vec analyses, selecting phrases, and
downloading the index.

Penulis Sistem Penulis Slsiﬁ’m

!
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Figure 2. Activity Diagram of Automatic Indexing Process

2.5. IMPLEMENTATION

The system was implemented in Python using Flask. The RAKE algorithm was implemented via the rake-nltk
library, and the pretrained FastText model was loaded using Gensim. The PDF manipulation and index generation
were handled with PyMuPDF and ReportLab. The web application allows users to:

1. Upload a digital book (PDF) and enter a topic keyword.

View automatically extracted keywords with their RAKE and similarity scores.
Add manual phrases if necessary.

Select specific phrases to include in the final index.

Evaluate the system’s performance by uploading a reference index.

oo e

2.6. EVALUATION

Study quality was assessed using methodology-appropriate tools. Qualitative studies were evaluated using The
evaluation was conducted by comparing the automatically generated index with the author’s reference index (ground
truth). The metrics used were Precision, Recall, and Cosine Similarity.

Precision = —— 3)

TPTP+FP
Recall = prep— (4) where TP is the number of true positives, FP is false positives, and FN is false
negatives.

Cosine similarity was also used to measure the overall vector similarity between the automatic and manual
index sets. Table 2 presents an example of evaluation metrics obtained from one of the test cases.

Table 1. Example of Evaluation Metrics

Threshold Phrase Length Precision Recall Cosine Similarity
0.3 1-3 words 0.41 0.72 0.70
0.5 1-3 words 0.35 0.66 0.68
0.3 2-3 words 0.48 0.59 0.83
0.5 2-3 words 0.44 0.53 0.80

Figure 3 depicts the system interface showing the main dashboard of the automatic indexing web application.
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Figure 3. System Interface of Automatic Indexing Web Application
3. RESULT AND ANALYSIS

3.1. RESULT

This study produced an automatic indexing application for digital documents (PDF) that combines RAKE,
Word2Vec, and manual keyword input methods. The system is capable of automatically extracting key phrases,
determining their corresponding page numbers, and generating a new index page that is directly embedded into the
original PDF file. Several main features were successfully implemented:

e PDF upload with file format validation.

e Automatic keyword extraction using RAKE and Word2Vec.

e Manual addition and search of custom index phrases.

e Phrase selection using checkboxes for inclusion in the final index.

o Evaluation of the automatic index compared to the author’s original index using Precision, Recall, and

Cosine Similarity.

e Generation of a new PDF index page that integrates seamlessly with the source document.

To evaluate the system’s indexing performance, an author’s index file was used as the reference (ground truth).
Evaluation metrics included Precision, Recall, and Cosine Similarity, to measure how closely the system’s results
align with human-generated indexes.

The evaluation was performed on 30 Indonesian-language digital books, testing two similarity thresholds (0.3

and 0.5) and two phrase-length configurations (1-3 words and 2-3 words). The average results are summarized in
Table 2.

Table 2. Average Evaluation Results of Automatic Indexing

Configuration Threshold Precision Recall Cosine Similarity
Top 100 phrases (1-3 0.3 0.0986 0.2042 0.5872
words)
Top 100 phrases (2-3 0.3 0.0508 0.1082 0.6653
words)
Top 100 phrases (1-3 0.5 0.0423 0.07045 0.6517
words)
Top 100 phrases (2-3 0.5 0.0257 0.0505 0.6861
words)

From Table 2, it can be observed that the 0.3 similarity threshold produces higher Precision and Recall
compared to the 0.5 threshold, while the 0.5 threshold gives slightly higher Cosine Similarity. This indicates that a
lower threshold allows more relevant phrases to be retrieved, increasing coverage but slightly reducing semantic
precision.

Journal homepage: https://journal.uns.ac.id/joive/index ISSN: 2746-7813



JOIVE ISSN: 2746-7813 a 22

To visualize the trend between both configurations, Figure 4 illustrates the comparative performance for the
three metrics.

0.8 I Precision
I Recall
Il Cosine Simil.

Metric Value

Threshold

Figure 4. Comparison of precision, recall, and cosine similarity for thresholds 0.3 and 0.5

Based on the overall average from 30 tested books, the 0.3 threshold provides a more balanced result and is
therefore considered more optimal for automatic index generation in this system.

3.2. ANALYSIS

The experimental results demonstrate that the developed system performs well in terms of functionality and
integration. However, the accuracy—particularly the Precision score—remains relatively low. Several factors explain
this outcome:

1. Imbalance in index quantity

The author’s index generally contains only a few highly selective entries, while the system generates up to
100 top-ranked phrases. This causes many phrases that are not considered important by the author to appear,
thereby reducing precision.

2. Structural differences in keywords
The RAKE algorithm is designed to extract multi-word expressions (typically 2-3 words). In contrast, the
author’s index often contains single-word terms. When RAKE’s results are restricted to single words, the
contextual meaning decreases, leading to lower alignment with human-created indexes.

3. Dominance of multi-word phrases
Even though the system is configured to extract phrases of 1-3 words, most of the selected keywords tend
to be 2-3 words (e.g., “Teknik abss” instead of simply “abss”). These phrases are semantically richer but
deviate from the author’s style, which favors concise single-word entries.

Despite the low precision, the system successfully identifies a large portion of relevant phrases that overlap
with the author’s index, resulting in relatively higher recall and strong cosine similarity values. This implies that the
extraction mechanism is effective in capturing the semantic structure of important terms.

Overall, the combination of RAKE and Word2Vec methods demonstrates good potential for automatic
indexing in Indonesian digital books. Future improvements could involve integrating context filtering, semantic
clustering, or author-guided feedback mechanisms to enhance the system’s precision without sacrificing recall.

4. CONCLUSION

This study successfully developed an automatic indexing system for digital books using a hybrid approach that
combines the RAKE algorithm for keyword extraction and Word2Vec for semantic relevance analysis. The system
can identify important phrases based on sentence structure and frequency patterns using RAKE, and then refine them
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semantically according to the document topic using Word2Vec. An interactive web-based interface was implemented,
supporting keyword search, manual input, phrase selection, and automatic PDF index generation appended to the
original document.

However, based on the evaluation results, the current approach has not yet achieved sufficient precision to be
considered fully effective as an independent indexing solution. With an average precision below 0.10 and an average
recall below 0.20, the generated index still contains a substantial number of irrelevant phrases when compared to the
author’s reference index. The relatively higher cosine similarity (0.62 — 0.68) indicates that the system captures
semantic proximity, yet this does not directly translate into accurate index selection.

From a practical standpoint, this research contributes to the automation of index compilation in digital
publishing, reducing manual labor while maintaining contextual quality. Such a system could be integrated into digital
library platforms, academic e-book systems, or content management tools, where efficient and semantically relevant
indexing is essential for searchability and information retrieval.

For future research, several directions are recommended to enhance system performance:

e Optimizing RAKE for single-word keyword extraction to better align with conventional indexing styles.

e Incorporating Part-of-Speech tagging or Named Entity Recognition (NER) to improve phrase filtering and

semantic accuracy.

e Employing domain-specific Word2Vec models (e.g., technical, economic, or educational corpora) to

improve contextual precision.

e Expanding evaluation metrics beyond precision and recall to include user satisfaction and topical coverage.

o Integrating user feedback mechanisms for adaptive learning and iterative improvement.

e Testing on a broader and more diverse dataset to assess generalization capability across multiple domains.

In conclusion, the developed system demonstrates significant potential to support efficient and intelligent
automatic indexing of digital books, enabling more relevant and semantically rich information retrieval in future
digital library ecosystems.
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