
JURNAL NASIONAL TEKNIK ELEKTRO - VOL. 15 NO. 2 (JULY 2026) 

 

 
Available online at : http://jnte.ft.unand.ac.id/ 

Jurnal Nasional Teknik Elektro 
|    ISSN (Print) 2302-2949    |    ISSN (Online) 2407-7267    |  

 

 

https://doi.org/10.25077/jnte.v15n2.1320.2026  Attribution-NonCommercial 4.0 International. Some rights reserved 

A Semantic Analysis-Based Biomedical Repository and Research Recommendation 

System for Improving Research Discovery 

Norma Hermawan, Wike Septiani, Benedicta S. P. Pratanjana, Achmad Arifin 

Department of Biomedical Engineering, Faculty of Intelligent Electrical and Informatics Technology, Institut Teknologi Sepuluh Nopember, Surabaya 

60111, Indonesia 

 

ARTICLE INFORMATION  A B S T R A C T  

 

Received: June 2, 2025 

Revised: April 26, 2026 

Accepted: July 30, 2026 

Available online: July 30, 2026 

 

The rapid growth of biomedical research publications has created challenges for students and 

researchers in efficiently discovering relevant research topics and previous studies. Universities 

typically provide institutional repositories; however, access to department-specific final project 

collections is often limited. This study aims to develop a local biomedical repository and 

research recommendation system using a semantic analysis approach. The proposed system 

integrates an internal repository of final year projects with external academic databases, 

including IEEE Xplore and ScienceDirect, through Google Custom Search. Semantic analysis 

is applied to improve search relevance and generate research recommendations based on user 

queries and topic interests. The system was implemented as a web-based platform called 

BMEArchive. System evaluation was conducted using black-box testing and usability testing 

with the System Usability Scale (SUS) involving 10 student participants. The results show that 

the system achieved an average search and recommendation accuracy score of 86, while the 

usability evaluation produced a SUS score of 84.75, which falls into the “Excellent” category. 

These results indicate that the proposed system effectively assists students in discovering 

relevant biomedical research topics. Future work will focus on expanding the repository dataset 

and integrating advanced artificial intelligence and machine learning methods to improve 

recommendation accuracy. 
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INTRODUCTION 

The growing demand for rapid information has driven the 

creation of fast, accurate, and up-to-date information technology, 

making it a relevant and essential solution. The demand for 

information technology has shifted from being a secondary need 

to becoming a primary necessity. Its implementation has 

expanded across various fields, including libraries. Libraries, as 

repositories for collecting, processing, preserving, and 

disseminating information, must continuously adapt to 

technological advancements over time [1]. 

 

The ease of online information dissemination is now also 

supported by government initiatives aimed at enhancing 

accessibility and transparency in information sharing. Through 

the Circular Letter from the Directorate General of Higher 

Education (DIKTI) No.  2050/E/T/2011, issued on December 30, 

2011, regarding the policy for uploading scientific works and 

journals, the government mandates all academic products of 

faculty and students be made available online. According to the 

regulation, as of August 2012, all student scientific works must 

be accessible via institutional websites. The policy to make all 

academic products available online aims to provide faster and 

easier access to scientific works for the wider public through 

website technology. With this policy, universities must also have 

specific media and facilities for online access to all academic 

works from their academic community [2]. In this context, 

repositories serve as a vital tool for ensuring efficient academic 

resource management, giving rise to the term “institutional 

repository.” 

 

A repository within an institution enables the systematic 

collection, preservation, and dissemination of digital copies of 

academic works produced by its scholars [2]. Serving as a digital 

library, it ensures structured and organized access, benefiting 

both faculty and students in retrieving academic materials [3]. 

Institut Teknologi Sepuluh Nopember Surabaya (ITS), as an 

instance, provides an online repository containing digital copies 

of academic works from all departments. However, access to the 

list of student project titles from the Biomedical Engineering 

Department is limited, as only the most recent titles are published, 

and they remain available in the ITS repository for only one year. 

This restriction aims to prevent potential plagiarism by external 

parties. Therefore, establishing a dedicated local repository 

within the Biomedical Engineering Department, equipped with an 

advanced search engine feature, would greatly enhance access to 

academic resources for its students. Institutional repositories offer 

significant benefits both to researchers and the institution. They 

play a crucial role in preserving the intellectual assets of academic 

communities while also enhancing the global visibility and 

accessibility of academic works [4].  
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Figure 1. System Functionality 

 

Local department repositories offer nearly the same benefits as 

institutional repositories but are tailored to meet the specific 

needs of their respective departments. These repositories 

exclusively collect digital copies of Final Year Projects from the 

department. With a dedicated local repository, accessing 

department-specific Final Year Projects becomes more efficient. 

The search filters for keyword searches can be optimized and 

made more precise, as the repository’s focus is directed toward 

the distinctive topics of the department. 

 

On the other hand, the exponential growth of scientific 

publications makes it increasingly difficult to find relevant 

research efficiently. As an instance, PubMed publishes nearly 

3,000 articles daily. To address this challenge and reduce 

cognitive overload, academic search engines such as Google 

Scholar, CiteSeerX, Arnetminer, and Microsoft Academic Search 

assist researchers in discovering relevant publications. However, 

researchers often rely on top-listed results, which may not always 

be the most relevant. To enhance ranking accuracy, the Inverted 

Indices and Structure Search with Citation Analysis (ISCA) 

framework integrates graph-based data management, Information 

Retrieval (IR) language models, and citation analysis, improving 

search precision and efficiency [5]-[7]. Other previous studies 

have explored various approaches to improving academic search 

systems, including semantic search, citation-based ranking, and 

multi-criteria decision-making methods. Semantic similarity 

algorithms have been widely applied to improve search relevance 

by considering contextual relationships between words rather 

than relying solely on exact keyword matching [8]-[10]. These 

approaches demonstrate the potential of semantic analysis in 

enhancing research discovery and recommendation systems. 

 

Based on this background, the objective of this research is to 

develop a research repository and recommendation system using 

semantic analysis that integrates internal departmental research 

data with external academic databases to assist students in 

efficiently identifying relevant research topics and references. 

The main contribution of this research lies in the integration of a 

semantic analysis-based recommendation mechanism within a 

local biomedical repository system. 

 

 
Figure 2. BMEArchive Website System Architecture Design 

 

METHODS 

Research Workflow 

The research workflow consists of four main stages: (1) data 

collection, (2) system development, (3) semantic analysis 

implementation, and (4) system evaluation. Data collection 

involved gathering Final Year Project metadata from the 

Biomedical Engineering Department. 

 

System development included database construction and web 

application development. Semantic analysis was implemented to 

process keyword queries and identify semantically related terms. 

Finally, system performance and usability were evaluated using 

functional testing and the System Usability Scale (SUS). 

 

System Design 

The proposed functional diagram in this research is depicted in 

Figure 1. It consists of three main components, namely the user 

interface layer, processing logic layer, and database layer. The 

user interface layer represents the display that users will see and 

interact with. In the processing logic layer, computations are 

performed to obtain search results relevant to the user’s keyword 

query. The internal database is used for semantic analysis during 

the execution of keyword searches with an external API. 

 

For the external database, queries are made to two international 

scholarly websites, namely ScienceDirect and IEEE. This query 

is performed using Google’s custom search engine feature. Two 

databases are used: the internal database, which consists of a 

collection of Final Year Projects gathered and owned by the 

Biomedical Engineering Department, and the external database, 

which contains query results from search engines for international 

journal publications on IEEE and ScienceDirect. 

 

In the processing logic layer, a method is implemented to support 

the development of a local repository and recommender system 

as part of the research objectives. The semantic analysis method 

is employed to enhance content relevance in response to topic-

based search queries. This study adopts a simplified semantic 

analysis approach, leveraging an external open-source API to 

ensure feasibility within the research constraints. During 

semantic analysis, the entered keywords undergo processing to 

identify words with similar meanings, thereby improving search 

result relevance. The keyword analysis considers multiple 

factors, including titles, keywords, abstracts, and content, to 

enhance the accuracy of research recommendations. 
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Architecture of Local Repository Information System 

The overall system architecture of the web-based information and 

research recommendation system, hereafter referred to as 

BMEArchive, is illustrated in Figure 2. The website developed in 

this research connects to two databases: an internal database and 

an external database. 

 

The design process begins with data collection for database 

construction. The internal database comprises Final Year Project 

data from the Biomedical Engineering Department, obtained 

through the department’s administration. 

 

Since these projects are not publicly accessible to the academic 

community, the database serves as a structured repository for this 

information. The external database comprises two academic 

search engines, namely ScienceDirect and IEEE, which are 

queried together using Google’s custom search engine feature. 

This external database consists of a collection of international 

journal articles stored in the two academic search engines. 

 

In the second step, the system database is constructed using 

MySQL, which was selected for its efficient data management 

capabilities and ease of database organization. The system 

comprises five main tables: db_ta, db_multiuser, db_profile, 

statistic, and history_search, each serving distinct functions. 

Figure 3 illustrates the relationships between these tables, 

ensuring structured data storage and seamless retrieval to 

optimize user experience and research recommendations. 

 

The development process continues with the creation of the 

frontend using HTML5 and CSS3, and the backend is developed 

using PHP. These technologies enable the construction of a user-

friendly and responsive website interface. The backend processes 

the user input and queries the databases to retrieve relevant 

academic works for research recommendations. 

 

The overall architectural design facilitates the seamless 

integration of internal and external databases, enabling the system 

to deliver relevant and comprehensive academic resources to 

users for their research needs. The adoption of various 

technologies [11]-[18] enhances the system’s efficiency and user-

friendliness, providing a valuable platform for students and 

faculty in the Biomedical Engineering Department to access and 

utilize academic materials effectively. 

 

 
Figure 3. Table Relationships in the BMEArchive System 

Database 

System Security 

In this research, the personal data of application users, 

supervisors, and administrators is stored in the database. This 

personal data includes email, name, username (NRP), password, 

specialization group, and topic interest data. Such data is at risk 

if accessed by unauthorized individuals. To prevent this, security 

measures have been implemented to ensure the protection of user 

information. The system enforces a privacy policy and security 

measures to safeguard user information. 

 

One of the security features implemented in this web application 

is password encryption and password confirmation. The 

encryption technique used is the bcrypt function in PHP 

programming. Bcrypt is a hashing algorithm that can be scaled 

with hardware by adjusting configurable rounds. The use of the 

bcrypt hashing algorithm for passwords ensures that passwords 

stored in the database cannot be read, even by website 

administrators or database handlers. 

 

Passwords encryption keeps the actual password values remain 

hidden and indecipherable even when security breach and 

unauthorized access to the database occurs. This feature enhances 

the security of the system and protects the sensitive information 

of users, faculty, and administrators from potential misuse. 

Furthermore, the system’s security and privacy policies play a 

vital role in establishing guidelines for handling user data, 

ensuring that only authorized personnel have access to sensitive 

information, and defining protocols for data handling and breach 

response. 

 

By means of these security measures, the local repository 

information and research recommendation system ensures a 

secure platform, allowing users, faculty, and administrators to 

interact with the system and access academic resources with 

confidence in the protection of their personal data. Regular 

security audits and updates are essential to continuously enhance 

the system’s security and adapt to emerging threats. To make the 

website widely accessible, it is hosted on a commercial web 

hosting service with SSL (Secure Sockets Layer) certificates. The 

SSL security system on Bluehost utilizes SSL/TLS (Transport 

Layer Security) to protect data communication between the server 

and website visitors. This feature is designed to secure 

communication between users and the hosted website. SSL is a 

security protocol that encrypts data transmitted between a user’s 

browser and the website’s hosting server. By using SSL, 

transmitted information, such as personal data, is encrypted and 

remains inaccessible to unauthorized parties [19]. 

 

System Testing 

The testing scenarios for the BMEArchive application system are 

conducted using three testing methods, including black-box 

testing for each use case. A total of 14 use cases is tested in this 

research. The testing process requires users to execute the 

functionalities of each use case. If the system responds according 

to the defined acceptance criteria, the test result is considered 

successful. However, if the system fails to meet the acceptance 

criteria, alternative scenarios are executed until the use case 

functions correctly. The use-case scenario is illustrated in Figure 

4. The test is carried out using two usability testing methods, 

namely user interface (UI) testing to ensure that the interface is 

understandable for users, and user experience (UX) testing to 

ensure that users do not face difficulties in using this local 

repository and that the system functions smoothly. 
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Figure 4. Use Case Scenario BMEArchive Website 

 

These steps are taken to ensure that the software developed is 

performed optimally. Next, a search functionality test is 

conducted using specific keywords. After conducting several 

searches on different topics, the search history is displayed 

beneath the search column. Research recommendations are 

provided on the user’s profile page, where recommendations are 

generated based on the user’s selected topic interests. 

Additionally, statistical data is presented in a clear and interactive 

format to show the distribution of Final Year Project topics. 

 

The subsequent step in usability testing involves using the System 

Usability Scale (SUS), a standard questionnaire widely used for 

assessing perceived usability. SUS is among the most popular 

usability testing tools, originally developed in 1986 [20]. It was 

chosen for this testing because it is a trusted, practical, and 

effective usability evaluation tool. In its standard form, the SUS 

questionnaire consists of 10 statements with five response 

options, including positive and negative wording [21]. General 

guidelines for interpreting SUS scores are presented in Table 1. 

 

Table 1. General Guidelines For System Usability Scale (SUS) 

Scoring 

SUS Score Grade Adjective Rating 

> 80.3 A Excellent 

68 – 80.3 B Good 

68 C Okay 

51 – 68 D Poor 

< 51 E Awful 

RESULTS AND DISCUSSION 

Functional Testing Using Black Box Method 

Functional testing of the BMEArchive system was conducted 

using the black-box testing method to verify whether each feature 

operates according to the specified system requirements. The 

testing covered fourteen use cases, including user registration, 

login, homepage access, profile management, internal database 

search, external database search, data management, and logout 

functionality. 

 
Figure 5. Use Case External Database Testing 

 

Each use case was evaluated by executing predefined input 

scenarios and observing the corresponding system responses. If 

the system output matched the expected behavior defined in the 

acceptance criteria, the test was categorized as successful. 

Otherwise, alternative scenarios were executed until the system 

behavior met the expected functionality. 

 

The testing results indicate that all implemented use cases 

functioned correctly. In particular, the external database search 

feature successfully retrieved relevant research articles from 

IEEE Xplore and ScienceDirect using Google Custom Search. 

Furthermore, users were able to directly access the corresponding 

journal articles through the provided links. This functionality 

confirms that the system can effectively integrate internal 

repository data with external academic resources, enabling users 

to obtain broader research references. The testing results of 

acceptance scenario are shown in Figures 5 and 6. 

 

Overall, the black-box testing results demonstrate that the 

developed system operates reliably and meets the functional 

requirements defined during the system design stage. 

Accuracy Testing of Search and Recommendation 

Features 

The accuracy testing was conducted to evaluate the effectiveness 

of the search engine and recommendation mechanism 

implemented in the BMEArchive system. The testing focused on 

three main aspects: 

1. Accuracy of internal database search results 

2. Accuracy of external database search results 

3. Relevance of research recommendations 

 

The internal database search functionality was evaluated by 

assessing whether the system could retrieve relevant Final Year 

Project records stored in the Biomedical Engineering Department 

repository. The evaluation involved user responses regarding the 

accuracy of search results and the usefulness of the search feature 

in identifying potential research topics as listed in Table 2. 

 

The second evaluation examined the external database search 

capability. The system integrates queries to external academic 

databases, specifically ScienceDirect and IEEE Xplore, through 

Google Custom Search. This feature allows users to search for 

international journal publications directly from the BMEArchive 

interface. The evaluation assessed whether the search results were 

relevant and whether users could successfully access the intended 

scientific articles. 
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Figure 6. Use Case External Database Direct Access to 

International Journals and Papers Testing 

 

The final evaluation assessed the recommendation feature, which 

generates research suggestions based on users’ selected topic 

interests. The system analyzes keywords from user queries and 

profile preferences to provide relevant research topics and 

references from both internal and external databases. 

 

The results of the accuracy testing indicate that the search and 

recommendation features achieved an average score of 86, 

suggesting that the system is capable of providing relevant search 

results and useful research recommendations for students. 

 

Table 2. Search Accuracy Test Questions 

No. Question 

1 Does search result within internal database accurate? do 

you get what you want? 

2 How accurate is search result from internal database? 

3 Do you feel internal database feature help to find 

research topic on Biomedical Engineering? 

4 Does search result within external database accurate? 

did you get what you want? 

5 How accurate is search result from external database? 

6 Does the scientific article search feature in external 

databases ease access to the expected scientific articles? 

7 Are you redirected to the right scientific article while 

accessing external database? 

8 Does overall features help or inspire you to find 

research topic and scientific article? 

9 How significant is the function or impact of this 

software? 

 

Usability Evaluation Using the System Usability Scale 

(SUS) 

To evaluate the usability of the BMEArchive system, a User 

Acceptance Testing (UAT) study was conducted using the 

System Usability Scale (SUS) questionnaire. The evaluation 

involved 10 student participants from the Biomedical 

Engineering Department who interacted with the system and 

provided feedback regarding their user experience. 

 

The SUS questionnaire consists of 10 statements with five 

response options ranging from Strongly Disagree to Strongly 

Agree. The SUS scoring procedure was applied by subtracting 1 

from each odd-numbered response and subtracting each even-

numbered response from 5 as illustrated on Figure 7. The adjusted 

values were then summed and multiplied by 2.5 to obtain the final 

SUS score. 

 

The evaluation results indicate that the BMEArchive system 

achieved an average SUS score of 84.75. According to the SUS 

interpretation guidelines, this score falls into Grade A, which 

corresponds to the “Excellent” usability category. 

 

The high usability score suggests that the system interface is easy 

to understand and that users can interact with the repository and 

recommendation features effectively. Several factors contribute 

to this high usability score, including: 

1. a simple and responsive web interface, 

2. efficient integration between internal and external research 

databases, 

3. the ability to directly access international scientific articles, 

4. and the use of semantic analysis to improve search relevance. 

 

These features enable users to efficiently identify relevant 

research topics and supporting literature for their Final Year 

Projects. 

Discussion 

The results demonstrate that the BMEArchive system 

successfully fulfills its primary objective of improving access to 

biomedical research resources and assisting students in 

discovering relevant research topics. By integrating internal 

repository data with external academic databases, the system 

provides a comprehensive research discovery platform. 

 

Similar to the Semankey framework proposed by Abad-Navarro 

et al. [8], the proposed system employs semantic analysis to 

improve keyword-based retrieval by considering semantic 

relationships between terms rather than relying solely on exact 

keyword matching. However, while Semankey focuses on 

querying RDF repositories using semantic web technologies, the 

proposed BMEArchive system is designed specifically for 

departmental biomedical repositories and integrates semantic 

search with recommendation features and external academic 

database retrieval. This integration provides users with both local 

institutional resources and broader international scientific 

references within a single interface. 

 

Khalid et al. [5] proposed the ISCA framework, which enhances 

scholarly search through citation network analysis and 

information retrieval techniques. Unlike the ISCA framework, 

which primarily emphasizes document ranking using citation 

relationships, the proposed system focuses on supporting 

departmental research discovery by integrating local repository 

data with external scholarly databases. Although citation analysis 

is not currently incorporated, the present system provides 

personalized recommendations based on semantic analysis, 

offering a practical solution for undergraduate research 

exploration. 

 

Kumar [18] introduced an academic search engine based on 

multi-criteria decision making, where search results are ranked 

using multiple weighted criteria such as publication year, 

citations, and author credibility. In contrast, the proposed system 

prioritizes semantic relevance between user queries and available 

research topics. This design simplifies the search process for 

students who may not be familiar with selecting multiple ranking 

parameters while still providing relevant recommendations. 
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Figure 7. System Usability Scale User Acceptance Test Results 

 

The high search relevance observed in this study is consistent 

with the findings of Mihalcea et al. [9], who demonstrated that 

semantic similarity measures provide more meaningful document 

matching than exact lexical matching. By identifying 

semantically related terms, the proposed system can retrieve 

relevant biomedical research even when users employ different 

terminology. 

Limitations of the Study 

Despite the promising results, several limitations were identified 

in this research. First, the internal repository dataset currently 

contains only Final Year Project data from the Biomedical 

Engineering Department, which limits the diversity of research 

topics available in the recommendation system. Second, unlike 

more sophisticated scholarly search systems that employ citation 

network analysis [5] or semantic web knowledge graphs [8], the 

proposed system currently relies on a simplified semantic 

analysis approach through an external API. While this approach 

improves keyword matching, recommendation quality depends 

primarily on semantic similarity rather than citation relationships 

or contextual language models. Third, the usability evaluation 

involved only 10 student participants, which may not fully 

represent the broader academic community. Future studies should 

involve a larger number of participants to obtain more 

comprehensive usability insights. 

 

Future Research 

Future research can focus on several improvements to enhance 

the system’s capability. First, the repository dataset can be 

expanded by integrating additional biomedical research databases 

and institutional repositories. Second, advanced artificial 

intelligence and machine learning techniques, such as natural 

language processing (NLP) and deep learning-based 

recommendation systems, can be implemented to improve 

semantic understanding and recommendation accuracy. Third, 

the system can incorporate citation analysis and bibliometric 

indicators to provide more comprehensive research 

recommendations. 

CONCLUSIONS 

This study developed an application to assist the academic 

community of the Department of Biomedical Engineering, 

including students, faculty, and administrators, in managing the 

local repository system and providing recommendations based on 

their topic interests.  

 

The main contributions of this research can be summarized as 

follows: 

1. The development of a local biomedical repository system that 

organizes Final Year Project data within the Biomedical 

Engineering Department. 

2. The implementation of a semantic analysis-based search 

mechanism to improve the relevance of research discovery. 

3. The integration of internal repository data with external 

academic databases (IEEE Xplore and ScienceDirect) to 

provide broader scientific references for students and 

researchers. 

 

The application has a main feature for processing Final Project 

(Tugas Akhir) data, which includes displaying, adding, 

modifying, and deleting Final Project records. Additionally, the 

application allows users to register with three main roles: student, 

faculty, and admin. Students have limited access to view data on 

the home page, which displays statistics on Final Projects in the 

Department of Biomedical Engineering, the internal and external 

databases, and the profile menu that provides research 

recommendations based on the entered topic interests. Faculty 

members have more privileges to upload statistical data, while 

admins have additional authorization to manage all processes on 

the website, including viewing, adding, modifying, and deleting 

Final Project records, as well as verifying and deleting users. The 

BMEArchive website also features a search history, which is 

accumulated and visualized in the form of graphs accessible from 

the home menu. Admins and faculty users can view the overall 

graph of the most searched topics by all students. 

 

The application was tested using User Acceptance Testing on 

prospective users or subjects involved in this research. The testing 

process included an initial assessment, where subjects were asked 

about their experience in searching for journal and Final Project 

topics. The results showed that all subjects had searched for such 

topics, with most having accessed the ITS repository website. 

However, many found it difficult to obtain information about 

Final Project books in the Department of Biomedical 

Engineering’s repository. Additionally, some subjects were 

unaware of the range of Final Project topics studied in the 

department. The primary challenge identified was difficulty in 

accessing Final Project books, while others struggled to find 

journals relevant to their chosen topics. 

 

The evaluation continued with the System Usability Scale (SUS) 

to assess user experience and the functionality of the search and 

recommendation features on the BMEArchive website. The 

accuracy testing of these features resulted in an average score of 

86, indicating that users found the system effective in providing 

relevant search results and recommendations. The final usability 

score, calculated using the SUS method, was 84.75, placing the 

BMEArchive website in the "excellent" category according to 

standard usability guidelines. 

 

The high SUS score of 84.75 indicates that users found the system 

easy to learn and efficient to use. This result can be attributed to 

several factors, including the simple interface design, the 

integration of internal and external research databases, and the 

ability to directly access international journal articles through the 

external search feature. The semantic analysis approach also 

contributes to improved search relevance by identifying 

semantically related terms rather than relying solely on exact 

keyword matches. 
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