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Integrating Okapi BM25 and Jaccard Algorithms in
Thesis Search Engine

Fema Rose Bronda-Ecraela !, Remia L. Doctora 2

Abstract: The integration of technology into society has brought transformative
changes, enhancing efficiency and accessibility across diverse domains. In the academic
realm, the role of documents, particularly in versatile soft copy formats, is pivotal. This
article introduces a groundbreaking Thesis Search Engine developed in response to
challenges faced by the existing thesis document repository at the College of Computer
Studies. Focused on Information Technology theses, the innovative tool leverages
advanced algorithms like Okapi BM25 and Jaccard to systematically organize and
manage documents. The study's objectives include designing search engine modules,
integrating these algorithms to uncover trends and similarities in content and providing
insights into the evolution of research themes. Rigorous evaluations assess data
relevancy, irrelevancy, and computational efficiency. Findings reveal the efficient use
of Okapi BM25 for document ranking, showcasing a user-friendly design. While Jaccard
exhibits versatility, its inclination to return all similar documents raises considerations.
Computational efficiency tests favor Okapi BM25, establishing its effectiveness in
delivering prompt and relevant search results. The study's insights contribute to
optimizing the search engine and offer valuable considerations for future developments
in Information Technology research, emphasizing the importance of aligning algorithms
with research goals and user expectations.
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1. Introduction

The current state of knowledge and research on the topic of thesis document management within
academic institutions reflects a growing need for efficient and streamlined systems, particularly in the
face of expanding document repositories and increasing reliance on digital formats. With the pervasive
influence of technology in society, the management of thesis documents has become increasingly
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complex, requiring sophisticated computational strategies to organize and retrieve information
effectively [1]. Previous research in the field as highlighted by Manning et al. [2] highlighted challenges
such as inefficient retrieval systems, cumbersome manual processes, and the need for improved search
accuracy and relevance [2].

In the academic context, the study addresses challenges in the existing repository of thesis documents
by introducing a prototype Thesis Search Engine. Focused on BS Information Technology theses, this
prototype aims to enhance thesis document management efficiency through a sophisticated ranking
algorithm tailored for content comparison [3]. The study's overarching goal is to develop a Thesis Search
Engine for Document Content Analysis, with specific objectives including the integration of Okapi
BM25 (Best Match 25) and the Jaccard algorithms, evaluation of data relevancy and irrelevancy in
keyword, phrase, and paragraph searches, and assessment of computational efficiency. The study's
outcomes seek to validate the prototype's efficacy, offering a valuable tool for faculty, students, and
administrators at the University of Antique College of Computer Studies.

The challenges surrounding thesis document management within academic institutions highlight the
critical need for innovative solutions capable of navigating the complexities of digital repositories and
evolving research landscapes. As the volume of thesis documents continues to expand and reliance on
digital formats deepens, traditional management approaches are proving inadequate in meeting the
demands of modern academia. In response to these pressing concerns, this study endeavors to address
the deficiencies inherent in existing document repositories by introducing a prototype Thesis Search
Engine tailored specifically for BS Information Technology theses [4]. By harnessing ranking
algorithms and advanced computational strategies, the prototype seeks to streamline document
management processes and enhance search accuracy and relevance.

Motivated by the imperative to improve efficiency and accessibility in thesis document management,
the study sets out to develop a Thesis Search Engine for Document Content Analysis. This initiative
aims to address the deficiencies identified in the study regarding e-theses management in India [5].
Through the integration of Okapi BM25 and Jaccard algorithms, coupled with evaluations of data
relevancy, irrelevancy, and computational efficiency, the research aims to offer a transformative solution
that empowers faculty, students, and administrators at the University of Antique College of Computer
Studies to navigate the academic landscape with greater ease and efficacy. This approach draws
inspiration from information retrieval systems, such as the development of hybrid similarity measures
using fuzzy logic, as proposed by Gupta et al. [6], which addresses the limitations of traditional
similarity measures and enhances the performance of information retrieval systems.

2. Related Works

In the rapidly evolving field of information technology (IT), this study introduces a groundbreaking
Thesis Search Engine, leveraging Okapi BM25 and Jaccard algorithms to enhance data retrieval. Rooted
in probabilistic relevance frameworks and adaptive similarity learning, these algorithms demonstrate
prowess in diverse information retrieval domains. The synthesis of related studies provides a
comprehensive context, guiding the rationale for integrating Okapi BM25 and the Jaccard algorithm and
setting the stage for the exploration of how these cutting-edge algorithms converge to revolutionize
academic document management.

Several studies contribute to enhancing or developing search engines using the Okapi BM25 and
Jaccard algorithms. One study focuses on the theoretical underpinnings of text-retrieval algorithms like
BM25, demonstrating its adaptability to modern search algorithms. The evolution of BM25, such as
BM25F, showcases the framework'’s ongoing relevance in incorporating various document metadata for
enhanced search algorithms [7]. Another study contributes insights into the challenges faced by digital
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libraries in information retrieval and proposes Okapi BM25 as a solution, emphasizing its probability-
based approach. This aligns with the integration of Okapi BM25 in the proposed thesis search engine,
showcasing its effectiveness in enhancing relevance ranking and retrieval [8]. Additionally, other
scholars introduce an innovative approach to near-duplicate document detection, emphasizing
adaptability and optimization of similarity functions. While not directly related to the search engine, the
emphasis on adaptability and refined similarity measures aligns with the study's goal of integrating
Okapi BM25 and Jaccard algorithms for improved document retrieval. Similarly, another study
addresses the challenges in recommender systems by proposing new similarity models, including
Jaccard similarity. Although focused on recommendations, the relevance of Jaccard similarity and the
consideration of all rating vectors align with the proposed study's goal of incorporating the Jaccard
algorithm for document content analysis [9].

In summary, the synthesis of related studies provides a rich context, showcasing the evolution of
probabilistic relevance frameworks, the effectiveness of Okapi BM25 in information retrieval, the
importance of adaptability in near-duplicate detection, and the relevance of Jaccard similarity in
recommendation systems [10]. These insights collectively inform and support the rationale behind
integrating Okapi BM25 and the Jaccard algorithm in the development of an advanced thesis search
engine.

3. Methodology

The methodology employed in this study involved a meticulous examination of undergraduate thesis
papers within the Bachelor of Science in Information Technology program, with a primary focus on
comparing title and content trends against ongoing studies in the graduate program of Information
Technology.

To achieve this objective, a specially crafted prototype algorithm was developed, aiming to determine
whether proposed documents had been previously conducted or shared similarities with existing ones.
The algorithm, integrated into search engine modules leveraging both Okapi BM25 and Jaccard
algorithms, generated match scores indicating the level of similarity. The study included a
comprehensive evaluation of the search engine's performance, employing statistical analyses such as the
T-Test to compare the effectiveness of the Okapi BM25 and Jaccard algorithms in retrieving relevant
documents. Additionally, the efficiency of the search engine, particularly concerning response times,
was scrutinized using the T-Test. The application of an evolutionary prototype model in the software
development process ensured iterative refinement based on user feedback, enhancing the prototype's
functionality until its ultimate approval [11]. This innovative methodology aimed to contribute valuable
insights to the field of IT research by analyzing and comparing content trends within undergraduate
thesis papers.

Figure 1 shows the integrated flowchart for the thesis search engine, encompassing three major
operations: upload, search, and view directory. Users could seamlessly upload thesis documents, and
during the search operation, the system provided the option to choose between Okapi BM25 and Jaccard
algorithms for matching. This dynamic feature allowed users to tailor their search approach based on
their preferences. The chosen algorithm then identified relevant documents, offering a personalized and
efficient search experience. Additionally, the view directory operation facilitated a structured
exploration of the document organization. This strategic integration of algorithms enhanced the overall
functionality, providing users with a versatile and effective tool for thesis document management.

107



Integrating Okapi BM25 and Jaccard Algorithms in Thesis Search Engine

Y

Upload View
Input PDF Input d Load
File query irectory
tree
Scan BM25 Jaccard Fetch file
document and
directory

Manual input
Title and Thesis
Abstract

SaveFilelInfo
and Context to
Database

Saveto

Database

4

info.

Tokenize Assign query as
query sat A
Fetch Fetch doc.

document & collection &

collection assignas set B

stat
] I
Calculate Calculate
\DF Intersection
(Ae)
v L 2
For each term ICalculate Union)
inthequery: (AuB)
ICalculate BM25 l
Accumulate Calculate
store Similarity

|

'

Putput Scoreor|
Similarity
Coefficient

Figure 1. Flowchart Integrating Okapi BM25 and Jaccard Algorithm in Thesis Search Engine

The software's main interface, illustrated in Figure 2, offers three user functions: document checker,
upload document, and document directory. The “Document Checker” button is central to the GUI,
providing a search bar for users to input queries seamlessly. Two additional buttons, “OKAPI BM25”
and “Jaccard,” allow users to select their preferred search algorithm. Clicking on “OKAPI BM25”
initiates a search using the OKAPI BM25 algorithm, while “Jaccard” utilizes the Jaccard algorithm for

End

an alternative method of finding relevant documents.

The “Upload Document” function enables users to expand the document database by effortlessly
uploading PDF files or manually entering data, including title and description, in case of unsuccessful
uploads. Lastly, the “Document Directory” function serves as a user-friendly window into the
repository, allowing easy access to the list of neatly stored documents for transparent and efficient

document management.
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Figure 2. Interface of the Thesis Search Engine Application

4. Results and Discussion

A comprehensive performance test was conducted to assess the efficiency, accuracy, and
responsiveness of the thesis search engine, utilizing both the Okapi BM25 and Jaccard algorithms. The
evaluation aimed to provide a holistic examination of the search engine's capabilities, considering the
effectiveness of the Okapi BM25 algorithm in document ranking and the Jaccard algorithm in measuring
content similarity. Systematic testing and analysis were employed to reveal insights into the relative
strengths and weaknesses of each algorithm within the context of the thesis search engine. The
performance test not only sought to optimize the overall functionality of the search engine but also aimed
to contribute valuable data and considerations for further refinement and enhancement of the system'’s
search capabilities.
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Figure 3. Bar Graph of Relevant and Irrelevant Search Result thru Keyword

The bar graph in Figure 3 presents the performance metrics for the Okapi BM25 and Jaccard
algorithms in document retrieval. BM25 achieves a relevance rate of 69.20% and an impressively low
2.01% rate of incorrectly identified irrelevant documents. On the other hand, Jaccard outperforms with
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a higher relevance rate of 90.65%, but this improvement is accompanied by a significantly elevated
307.95% rate of incorrectly identified irrelevant documents. This comparison underscores the nuanced
trade-off between precision and recall in the context of these two retrieval algorithms.
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Figure 4. Bar Graph of Relevant and Irrelevant Search Result thru Phrases

The bar graph illustrated in Figure 4 shows a striking contrast in the performance of the BM25 and
Jaccard algorithms in terms of relevance and irrelevance scores. For relevant documents, BM25 achieves
a moderate 72.59%, while Jaccard excels with an impressive 99.66%. Notably, the graph reveals that
Jaccard reports a 0.00% irrelevance score, showcasing its proficiency in filtering out irrelevant
documents. In contrast, BM25 shows a 231.32% irrelevance score, emphasizing a substantial difference
and underscoring Jaccard's superiority in handling both relevant and irrelevant documents in this
comparison.
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Figure 5. Bar Graph of Relevance and Irrelevant Search Result thru Paragraph

The presented bar graph in Figure 5 vividly illustrates the considerable disparity in performance
between the BM25 and Jaccard algorithms concerning relevant and irrelevant documents. In terms of
relevant documents, BM25 achieves a respectable 72.59%, whereas Jaccard outperforms significantly
with an impressive 99.66%. A noteworthy observation is the stark contrast in handling irrelevant
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documents, where BM25 reports a 0.00% score, indicating effective filtration, while Jaccard, with a

score of 231.32%, showcases a notable difference, emphasizing its superior capability in efficiently
distinguishing between relevant and irrelevant content.

Computational Efficiency by Keyword Search
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Figure 6. Bar Graph of Search Results of Response Time thru Keyword

The Figure 6 visually illustrates the response times of the search engine using Okapi BM25 and
Jaccard algorithms for ten keyword-based test cases. Both algorithms generally exhibit low response
times, with the graph indicating slight variations, notably in cases like “Web Development,” where
Jaccard shows a slightly higher response time of 0.019 seconds. It highlights the efficiency and speed
of the search engine for each keyword search scenario, with lower bars indicating faster response times
and, conversely, higher bars suggesting slightly longer processing times.
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Figure 7. Bar Graph of Search Results of Response Time thru Phrases
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The Figure 7 visually shows how quickly the search engine responds to different search phrases using
the Okapi BM25 and Jaccard algorithms. Both algorithms perform quickly, with response times ranging
from 0.002 to 0.016 seconds. Notably, phrases like “Digital Transformation in IT” and “Web
Development Trends and Technologies™ result in very fast responses of 0.004 seconds for both
algorithms, suggesting efficient processing for these specific search queries. The graph simplifies the
comparison of how fast Okapi BM25 and Jaccard handle different phrase searches.

Table 1. T-Test Results Comparing OKAPI BM25 and Jaccard Algorithm on Response Time thru
Phrases Search

t-Test: Paired Two Sample for Means
Okapi BM25 Jaccard

Mean 0.0066 46.7
Variance 1.22667E-05 218.6778
Observations 10 10
Hypothesized Mean Difference 0
Df 9
T Stat -9.984035561
P(T<=t) one-tail 1.81307E-06
t Critical one-tail 1.833112933
P(T<=t) two-tail 3.62614E-06
t Critical two-tail 2.262157163

The t-test results in Table 1 shows a highly significant difference in response time between the Okapi
BM25 and Jaccard algorithms for phrase searches. The mean response time for Okapi BM25 is 0.0066
seconds, while Jaccard demonstrates a substantially higher mean of 46.7 seconds. The negative Pearson
correlation of -0.457382015 suggests an inverse relationship, indicating that as one algorithm's response
time increases, the other tends to decrease. The t-statistic of -9.984035561, along with very low p-values
(both one-tail and two-tail) significantly below 0.05, strongly supports rejecting the null hypothesis.
This provides robust evidence that Jaccard, on average, has a significantly longer response time
compared to OKAPI BM25 for phrase searches. The negative correlation further suggests an inverse
relationship in response times between the two algorithms.

5. Conclusion and Recommendations

The development and evaluation of the thesis search engine, incorporating Okapi BM25 and Jaccard
algorithms, highlight its user-friendly design and functional efficiency. Okapi BM25 serves as a crucial
ranking algorithm, optimizing document relevance in large-scale information retrieval, while Jaccard
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focuses on similarity assessment, enhancing text analysis for clustering and classification. Despite
BM25's competitive accuracy, Jaccard stands out with higher mean relevance scores, emphasizing the
need for refined evaluation, especially in phrases related to information technology management. The
comparative analysis of response times favors Okapi BM25, contributing to a streamlined, user-friendly
search experience in the thesis search engine.

Looking ahead, future innovations in the thesis search engine could explore advancements in
algorithmic refinement, ensuring a balanced approach that combines the strengths of Okapi BM25 and
Jaccard. Continuous optimization of algorithms and periodic updates can keep pace with evolving
academic needs and information retrieval challenges. Moreover, incorporating machine learning and
artificial intelligence technologies may introduce adaptive features, allowing the search engine to learn
and adapt to user preferences over time.

The robust features of the thesis search engine led to several recommendations for further
enhancement. Prioritizing continuous optimization of the Okapi BM25 algorithm is essential for its
effectiveness in diverse academic contexts, with regular updates to meet evolving information retrieval
needs. Educational resources for both the Okapi BM25 and Jaccard algorithms are crucial for informed
user choices. Integration with external academic databases can expand the engine's scope, while
incorporating user feedback mechanisms and regular system updates fosters a collaborative academic
community. A strategic approach, leveraging Jaccard for comprehensive document exploration and
Okapi BM25 for precision in keyword searches, enhances the search engine's versatility. Based on
consistently superior response times, prioritizing the implementation and further optimization of Okapi
BMZ25 is recommended. This multi-pronged strategy aims to ensure the thesis search engine remains a
reliable and efficient tool for information retrieval in academic contexts, with a forward-looking
perspective on integrating emerging technologies for continuous innovation.
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