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ABSTRACT

The rapid advancement of Artificial Intelligence (Al) has significantly transformed most information
retrieval processes in organizations making it more efficient, interactive and context-aware. This
paper addressed the limitations of the existing information retrieval system in the university, which
did not keep pace with the capabilities offered by modern Al technologies. To overcome these
shortcomings, a campus-wide Al-Driven Information Retrieval and Support System was developed.
This solution leverages Retrieval-Augmented Generation (RAG) and Al-powered Natural Language
Processing (NLP) to provide accurate, context-sensitive responses to queries. The system integrates
a vector database and an intuitive web interface using JavaScript, to process and retrieve data
efficiently from diverse university sources. The Al-driven solution was designed to enhance access to
university resources and provides a scalable foundation for future features, ultimately bridging the
gap between users and institutional information.
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1. INTRODUCTION

Information Retrieval (IR) is a branch of Computer Science focused on locating relevant information
within large datasets based on user queries. The primary objective of IR is to identify, rank and
present documents or data that best match the user’s intent. This process involves several stages,
including query processing, document organization and the application of algorithms to score and
rank results by relevance (Smith & Chen, 2023). Academic IR emphasizes precision, relevance and
the academic validity of retrieved information.
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Such systems are typically integrated into digital libraries, research databases and Learning
Management Systems (LMS), which are tailored to meet the stringent accuracy and quality
standards required in academia (Johnson et al., 2024). Academic IR systems employ advanced
search features, such as semantic search, knowledge graphs and domain-specific ranking
algorithms, to enhance the relevance and meaningfulness of search results. These enhancements
support detailed queries for course syllabi, institutional records and research datasets, ensuring that
retrieved information aligns closely with academic needs (Martinez & Ali, 2025).

In today's digital era, the ability to access relevant and accurate information quickly is a fundamental
need, especially within the complex and dynamic environment of academic institutions. Universities
manage vast amounts of information, from admission requirements and course details to
administrative policies, which often pose a significant challenge for students, faculty and staff.
Traditional methods of information retrieval, such as searching through disparate web pages or
visiting administrative offices, are often tedious, time-consuming and frustrating leading to students
complaints of all sorts (Omorogiuwa & Gbadegesin (2023). This inefficiency hinders productivity and
creates a barrier to effective learning and administrative operations. The motivation behind this
study stemmed from the growing difficulty people face in accessing accurate and timely information,
a problem that this paper attempt to solve by developing an Al-driven system that combines real-time
data retrieval with generative Al. Basic information requests like course requirements or tuition fees
often requiring multiple steps or long waits in case of manual information retrieval approaches will
become a thing of the past as a result of this new proposed solution.

1.1. Research Objectives
This research aims to develop a Campus wide Al-driven Information Retrieval and Support system for
that provides instant and accurate responses to campus-related queries.
To achieve this, we will focus on the following objectives:
i Design a user-friendly, web-based interface that enables seamless interaction with the
system.
ii. Develop and integrate a vector database for the efficient storage and retrieval of
structured and unstructured information.
iii. Develop an Al-powered retrieval system using Retrieval-Augmented Generation (RAG) to
provide precise and relevant responses to user queries.
iv. Implement and test the complete system to ensure efficiency, reliability and usability.

2. LITERATURE REVIEW

Traditional Information Retrieval (IR) methods, such as keyword matching and Boolean logic, have
been fundamental in early search technologies but exhibit significant constraints in addressing
complex user queries. These models largely depend on exact keyword matching, which limits their
ability to capture semantic equivalence and variations in expression. For example, they may fail to
retrieve documents where synonymous phrases like "student enroliment" and "course registration"
are used interchangeably, thereby missing relevant content (Zhou et al., 2023, Liu & Zhang, 2024).
Traditional search models mainly rely on keyword matching and lexical similarity. While efficient, they
often retrieve documents that are only superficially relevant and may miss nuanced or semantically
related content (Manning et al., 2008).
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In contrast, RAG employs dense retrieval techniques that capture semantic similarities in embedding
space, enabling it to retrieve more contextually appropriate content even if the exact terms are not
used (Karpukhin et al., 2020). A fundamental limitation of these traditional models is their inability
to interpret the semantic context of queries. They treat queries as mere collections of keywords
without understanding the user’'s intent or the underlying meaning of terms. This absence of
contextual and semantic processing significantly reduces precision, especially in specialized
domains where accuracy and nuanced understanding are crucial (Patel et al., 2025). Consequently,
there is an increasing need to adopt advanced IR techniques that integrate natural language
understanding and semantic search to enhance retrieval performance and user satisfaction. Natural
Language Processing (NLP) is a core technology that allows machines to process and understand
human language. In an academic context, NLP enables a system to go beyond basic matching and
use techniques like semantic analysis to interpret the meaning and intent behind a user's query.
Large Language Models (LLMs) often based on the Transformer architecture, have further enhanced
the capabilities of NLP.

Models like BERT (Bidirectional Encoder Representations from Transformers) are pre-trained on
massive text corpora, giving them a broad knowledge base and advanced skills in understanding and
generating language. Retrieval-Augmented Generation (RAG) is a sophisticated architecture that
combines the strengths of information retrieval and generative models like LLMs. First proposed by
Lewis et al. in 2020, RAG is a two-stage process that leverages an external knowledge source to
ground its generated responses. The mechanism of RAG involves a dense retriever and a sequence-
to-sequence generator. In the first stage, a retriever system uses dense vector representations of a
query to find the most relevant documents or passages from a knowledge base. The second stage
then feeds these retrieved documents into a generative model, which uses this external context to
craft a coherent, factually accurate and contextually grounded response. Al systems, however,
continuously learn and adapt, refining their models as they gather more data, which helps keep
results relevant and useful over time (Xie et al., 2020).

These systems also handle new information better, often requiring less manual updating than older
systems that need to be re-indexed periodically. The trend of integrating technology into the
academic information retrieval system is growing worldwide. Leading universities are applying
innovative solutions to improve the effectiveness and efficiency of academic information retrieval
and management, (Hien & Khiet, 2025). The successful implementation of Al-driven support systems
in other universities e.g. Georgia State University developed an Artificial Intelligence system called
“Pounce” Chatbot, Deakin University’s developed “Genie Digijtal Assistant” and University of Murcia
in Spain introduced Al-powered Chabot to assist students with academic advising and course
selection (Fernandez et al., 2021). These implementations demonstrate that the most effective Al
systems are not merely static repositories of information. Instead, they are deeply integrated into the
institutional ecosystem, providing personalized, proactive support that improves both efficiency and
student satisfaction. The documented challenges of systems operating in "silos" and their limited
adaptability highlight the need for a unified, campus-wide approach.
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3. METHODOLOGY

This research focuses on the development of a campus-wide Al-driven Information Retrieval and
Support System using Igbinedion University as a prototype. Since most Nigerian universities are
regulated and managed by the National Universities Commission, their administrative and academic
structures are largely similar. Consequently, this solution can be easily adopted by other Nigerian
universities. The proposed system, which provides a single campus-wide point of access and
integrates a vector database capable of handling diverse data types, is designed to learn from
existing successes while avoiding the limitations associated with fragmented solutions.

The Al-Driven Information Retrieval and Support System for Igbinedion University provides a user-
friendly interface where users can chat with an Al to get instant responses or connect with a human
representative for further assistance. The backend handles Al queries via Google Gemini and a text
embedding service for accurate information retrieval. Administrators have a secure login portal to
manage profiles, update information, train the Al with documents and oversee human responses.
The system is supported by authentication, authorization, a PostgreSQL database and email services
for secure communication. This modular design ensures scalability, ease of maintenance and a
seamless user experience.

Figure 1 shows the architectural diagram of the proposed system. It illustrates the high-level
structure and components of the system and how they interact. Key components include the User
and Admin interfaces (Frontend), the core logic (Backend), supporting services like Email,
Authentication and Authorization, a Database (PostgreSQL) and Al-related components such as a
Text Embedding Service, a Text Embedding Model and an LLM (Google Gemini). The diagram shows
the connections and data flow between these different parts, outlining the system's overall design.

O % user

. : Admin

%! Frontend

@ Email Service <—|\ l T
Backend LM

‘. -
Gemini  (Google Gemini)
Authentication \—
é and
Authorization

Text Embedding
Service
< Database l_‘
¥, PostgreSQL
E] Text Embedding
Model

Figure 1 Architecture Diagram of the Proposed System
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Figure 2 shows the context diagram for the proposed "Al Support System." It shows the system as a
central process interacting with external entities: the "User" and the "Admin." The arrows represent
the data flows or information exchanges that occur between these external entities and the Al
Support System, providing a high-level view of the system's boundaries and its main interfaces with
the outside world.

L Send Al Query-
l&——Receive Al Support Response

User 1 Send Human Support Messag

<«—Messaged Logged for Admin

Login
Access Dashboard / Error 7
[ Upload Document:
’—Document Stored & Knowledge Base Update: Al Support System
View Users M
jes Displayed ’\

Edit Profil
Profile Updated / Error:
Reset Password

l—l’assword Updated / Error
A A

Admin

Figure 2 Context Diagram of the proposed System

The sequence diagram in figure 3 shows the interactions between the User, WebApp, Al Engine,
Human Support, Admin, Document Processor and Knowledge Base, illustrating the process flows for
user chat and Al training. The primary user interaction begins with the User submitting a query to the
WebApp. The WebApp then sends this query to the Al Engine, which proceeds to retrieve the relevant
answer from the Knowledge Base. Upon finding or generating a response, the Al Engine returns it to
the WebApp, which then displays the Al response back to the User. Alternatively, if the Al cannot
provide an answer, the WebApp escalates the chat request to Human Support. Human Support
processes the query and provides a human response, which the WebApp receives and subsequently
displays to the User. For system administration and improvement, the diagram shows an Admin
initiating the process to train the Al by uploading a training document to the WebApp.
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The WebApp forwards this document to the Document Processor for necessary processing. Following
processing the Document Processor updates the Knowledge Base, enhancing the Al's information
source for future queries. The sequence diagram effectively captures the dynamic interactions and
responsibilities of each component within these core chat and Al training processes.

User Web App Al Engine Human Support Admin Document Processor Knowledge Base

Submil query

Sand query

Retrieve answer

Display Al response H

alt I [Al support can't answer)

Escalate chat

Display human response :

Upload training document

Process document

Update knowledge

Figure 3 Sequence Diagram of the Proposed System

4. IMPLEMENTATION

The system was implemented using a modern and robust technology stack, primarily built on
JavaScript, TypeScript and their associated frameworks. JavaScript was chosen for its versatility and
asynchronous, event-driven architecture, which is well-suited for building responsive applications.
TypeScript, a superset of JavaScript, was used to enhance code quality and maintainability through
static typing. The frontend, which provides the user and admin interfaces, was developed using
React.js, a powerful JavaScript library known for its component-based architecture and efficient
updates. For the backend, the server-side logic was built with Node.js and the Express.js framework.
The backend uses a PostgreSQL database for persistent data storage, with Drizzle ORM providing a
type-safe and intuitive interface for database interactions. For Al functionality, the system integrates
Google Al services, including Google Gemini as the Large Language Model for conversational
responses and the Google Embeddings APl for converting text into high-dimensional vector
representations. This combination provides a solid foundation for the RAG architecture, enabling
intelligent query handling and context-aware responses.
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The developed system provides distinct functionalities for both users and administrators. The
primary user interface is the Chat Page, where individuals can enter queries in natural language and
receive real-time responses from the Al. For more complex issues, the "Talk to Human" Page allows
users to submit a message that is forwarded to an administrator for a human response. For
administrators, the system includes a secure login portaland a comprehensive dashboard. The
System Train Page is a crucial feature that allows administrators to upload new documents and files
to update the Al's knowledge base.

5. DISCUSSION

The developed prototype successfully delivered a functional system that met all its defined
objectives. The system provides an Al-driven, web-based platform that is accessible to all members
of the university community. By leveraging RAG and NLP, the system is capable of providing
accurate, context-sensitive responses to a wide range of academic and administrative queries,
moving beyond the limitations of simple keyword searches. The implementation of a responsive web
interface ensures seamless access from various devices and the system’s architecture provides a
scalable foundation for future enhancements. A key functional requirement of the system was to
provide a chat interface for users to receive instant, context-sensitive answers. This was
implemented through the Chat Page (Figure 4), which serves as the central interaction point
between users and the Al-powered RAG model. Users can enter questions or prompts into the input
field and the Al responds in real-time with accurate information across a wide range of academic and
administrative queries. The interface supports multi-turn conversations, enabling continuous
dialogue and its clean, responsive layout ensures usability across different screen sizes. By
implementing this feature, the system moves beyond the limitations of simple keyword searches,
offering a more natural and conversational user experience.

The system also met the functional requirement for administrator-side support through the Admin
Dashboard as shown in figure 5. This dashboard provides a quick overview of system activity,
enhancing decision-making and monitoring. The dashboard has a layout with a sidebar that contains
links to the System Train Page, Messages Inbox Page and Admin Profile Page. The System Train Page
is where administrators can upload documents to update the Al's knowledge base, creating a
continuous improvement loop. The Messages Inbox Page displays all messages submitted by users
who requested human assistance, allowing the admin to monitor and prioritize support requests. The
Admin Profile Page allows administrators to manage their personal information. This feature directly
addresses the issue of administrative staff being overwhelmed by repetitive inquiries by providing a
centralized and organized way to manage them.
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Figure 4 Chat Page
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Figure 5 Admin - Dashboard Page
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The key outcomes of the project include a reduction in the time spent searching for information and
a more efficient administrative support process, thereby enhancing the overall user experience and
fostering a more productive academic environment at Igbinedion University. By automating
responses to repetitive inquiries, the system also reduced the administrative workload, allowing staff
to focus on more critical tasks.

6. CONCLUSION

The development of the Al-driven Information Retrieval and Support System represents a significant
modernization of information management at Igbinedion University. By adopting a structured
methodology and leveraging advanced Al technologies, the research ouput has successfully
addressed the core problem of inefficient information access. The system provides a smart, scalable
and user-centric solution that can deliver real-time, context-aware responses to institutional
inquiries. The successful integration of a vector database with a large language model via Retrieval-
Augmented Generation demonstrates the viability of modern Al techniques in solving real-world
challenges within the education sector. The system reduces administrative workload, improves
information accessibility and sets a strong precedent for future innovations in institutional support.
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