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Abstract. With the advancement of technology, industries across various
sectors continue to innovate and scale. In the Real Estate industry, property
technologies (PropTech) have driven substantial progress and growth. However,
Real Estate markets in developing nations face persistent challenges in areas
such as management, trust, sales, and information technology. This paper
introduces a model for an online Real Estate service system, implemented
through a responsive web application that leverages data analytics and
visualization to provide insights and enhance decision-making. The model
integrates backend clustering and regression algorithms to generate insights
from test data, including information from 62 PropTech companies in Nigeria.
This approach supports clients, managers, and agents in making informed
decisions to promote organizational growth. The research involved studying the
effects of data expansion within online Real Estate systems, drawing from
previous literature and analyzing data from over 7,000 PropTech firms. Data
was collected through questionnaires and validated to identify key focus areas,
such as property searches, agent reliability, and performance. The results
include application use cases that address property search optimization, fraud
prevention, and simplified property acquisition based on client-specific criteria.
Additionally, the system facilitates connections with verified agents using client
needs and agent track records. Testing indicates that as more data is
incorporated into the system, its efficiency improves due to the adaptive nature
of the dynamic clustering mechanisms.
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1 Introduction

Managers play a pivotal role in organizing and directing systems to achieve
organizational goals. Addressing fundamental human needs, such as housing, is
crucial for survival and societal well-being. Organizations across sectors increasingly
leverage data to gain actionable insights due to the exponential growth of available
information (Provost et al., 2013). In Real Estate, online service systems have
significantly mitigated challenges associated with housing. Initially, these systems
served primarily as platforms where administrators managed property details,
including house listings, schedules, and addresses. Over the past decade, however,
online Real Estate services have evolved into a multifaceted concept encompassing
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areas such as property management, surveying, business, finance, and urban
development.

Real Estate managers traditionally set service models and oversee the workforce
required to meet organizational objectives. However, the rise in data generation—
exceeding 2.5 quintillion bytes daily—has introduced new paradigms for managing
these responsibilities. With the increasing adoption of Internet of Things (IoT)
technologies, data production rates are expected to escalate further, reaching an
estimated 2.7 MB per second by 2023 (Vuleta, 2021; Ahmad, 2020). Housing remains
a critical human necessity, and the rising population and income levels have driven
significant increases in housing demand. Managing this demand through traditional
offline methods has proven inefficient, necessitating the integration of advanced
technological solutions.

Globally, the Real Estate sector has been transformed by innovations in
Information Technology, globalization, and the complexities of modern human
environments (Mohammed et al., 2019). As data usage continues to grow
exponentially, administrative approaches must evolve. The digitization of Real Estate
records—encompassing land, properties, and ownership—has enabled trend and
pattern recognition, aiding governments in forecasting population growth, budgeting,
urban planning, and community development. Despite these advancements, access to
reliable Real Estate data remains a challenge in many developing countries.
Government statistics often focus on macroeconomic indicators such as GDP and
inflation, leaving other sectors with incomplete datasets (Onwuanyi, 2020).

In these nations, acquiring accurate property information is complex, leading to
financial losses and issues like illegal land sales and undervalued properties that evade
taxation. This highlights the importance of robust data collection and analytics-driven
online Real Estate systems. As emerging markets increasingly adopt web-based
solutions, employing data analytics tools to extract insights from daily activities in the
Real Estate sector becomes essential. This article explores integrating data gathering,
visualization, and analytics into online Real Estate systems, utilizing machine learning
algorithms to propose innovative solutions informed by prior research and practical
implementations.

1.1 LITERATURE SURVEY

Mohammed et al. (2021) conducted a study exploring the potential of Information
and Communication Technology (ICT) in transforming real estate management. They
reviewed various technologies, including real-time applications, artificial intelligence,
robotics, cloud computing, geographic information systems, drones, and IoT
applications, emphasizing their implications for employers, employees, and privacy
concerns. The study highlighted that advancements in technology have redefined real
estate management and valuation practices. However, they pointed out that the
increasing complexity of property management and international competition
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necessitate the adoption of advanced technological solutions, such as data analytics
and visualization, which have the potential to revolutionize the industry.

Mohammed, Zeebaree, and Tiryaki (2021) implemented an E-Land-Registration
(ELR) system in Duhok, Malaysia, aimed at improving land registration processes.
Their system incorporated modules for employee and estate registration, operational
processes, estate ownership, property status, information viewing, and secure login.
The use of database management and web development tools enabled the system to
address inefficiencies inherent in paper-based methods. The implementation
streamlined processes, reduced time consumption, and minimized paper waste,
creating a structured and efficient data management system.

Norizan et al. (2020) applied activity theory to examine the impact of internet and
mobile technologies on the real estate industry in Malaysia. Their research highlighted
the potential of IoT to improve business processes, providing real estate brokers with
actionable property analytics to enhance sales. Such analytics can also help boost
buyer confidence by offering transparent information, allowing quick and informed
decisions. Buyers can better understand property appraisals, and lenders or investors
gain detailed insights before making purchasing decisions. This approach can evolve
into an open-source system that includes equal user interface access for agents,
owners, and buyers, managed by an administrator.

The real estate sector, one of the largest asset classes globally, has been slow to
adopt technological innovations, particularly in developing nations (Saull et al.,
2020). The traditional reliance on personal networks and resistance to new
technologies have long characterized the industry (Fields, 2019b). However, the rise
of Property Technology (PropTech) has introduced data-driven tools, with a growing
global influence. Braesemann and Baum (2020) examined the extent to which
PropTech is transforming the property market into a data-centric industry, supported
by findings from an analysis of over 7,000 PropTech companies.

Garcia-Gonzalez et al. (2019) highlighted the challenges associated with the vast
amounts of real-time data generated in the real estate industry. Real-time data, which
updates frequently and is delivered immediately after collection, has increased
significantly due to advancements in IoT. Environmental data from numerous sensors
is published online, providing new opportunities for analysis (Wingerath et al., 2016).
Studies show that big data can significantly enhance the real estate sector when
applied effectively (Winson-Geideman & Krause, 2016). While other industries have
embraced tools like Google Analytics to extract insights, the real estate sector has yet
to fully integrate tailored algorithms for data collection and analysis within web-based
systems. In developed countries, web-based real estate systems have grown
substantially, but most platforms focus on basic analytics, such as tracking web clicks,
rather than generating insights from user behavior. The potential to improve decision-
making by optimizing data in these systems remains underexplored.
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Methodology

Requirement Analysis

Business Requirements: Identify core functionalities such as user
authentication, property listings, a booking system, search and filtering
capabilities, user reviews, and a responsive user interface.

Technical Requirements: Define the technical architecture, including the
hosting environment, database scalability, and integration capabilities for
handling high traffic and large datasets.

System Design

Database Design: Plan MongoDB collections to store data related to
properties, users, bookings, and reviews. Design relationships and indexing
strategies to enable efficient querying and ensure optimized performance.
Frontend and Backend Flow: Map out interactions between React
components and backend APIs to establish smooth data flow.

Wireframing: Create user interface wireframes to illustrate key user
journeys and interactions, emphasizing usability and simplicity.

Technology Stack Selection

Frontend: Use React.js for building dynamic user interfaces, with tools like
React Router for navigation and state management libraries like Redux or
React Context.

Backend: Implement server-side logic with Node.js and Express.js.
Database: Employ MongoDB for managing data storage related to
properties, users, and transactions.

Authentication: Use libraries like jsonwebtoken to implement JWT-based
authentication for secure user sessions.

Backend Development

API Design: Build RESTful endpoints using Express.js to handle CRUD
operations for entities such as users, properties, and bookings.

Database Integration: Utilize Mongoose for managing MongoDB data
models and schemas.

Middleware: Develop middleware for input validation, authentication, and
centralized error handling to ensure a robust backend.

Testing: Implement unit and integration tests using tools like Mocha, Chai,
or Jest to validate backend functionality.



2.5

2.6

2.7

2.8

Improving online Real Estate Management Using Data Analytics 1659

Frontend Development

Component Structure: Develop reusable React components, such as
PropertyCard, SearchBar, and BookingForm, to promote modularity.

State Management: Use Redux, React Context, or Zustand for efficient
state management across the application.

API Integration: Communicate with the backend using Axios or the Fetch
API for seamless data interaction.

Routing: Implement client-side navigation with react-router-dom for smooth
transitions between pages.

Authentication and Authorization

User Registration/Login: Enable user authentication using JWTs, ensuring
secure session management and route protection.

Protected Routes: Restrict access to specific routes based on authentication
status.

Role-Based Access Control: Define user roles (e.g., admin, renter) and
assign appropriate permissions to manage functionalities effectively.

Search and Filtering Functionality

Search Feature: Incorporate a real-time search mechanism with debouncing
to enhance user experience.

Filters and Sorting: Enable filtering by criteria such as location, price
range, property type, and number of bedrooms, along with sorting options for
improved usability.

Deployment and Scalability

Scalability Strategies: Optimize database performance with indexing, load
balancing, and connection pooling.

Cloud Hosting: Deploy the application using a reliable cloud-based service,
such as MongoDB Atlas for the database and platforms like AWS, Azure, or
Heroku for the application.

Performance Optimization: Monitor application performance and scale
resources dynamically to handle growing user demands.
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3 Implementation

1. Foster a Data-Driven Mindset: Cultivate an organizational culture where
decisions are guided by data insights, ensuring analytics becomes a
fundamental part of business processes.

2. Adopt Advanced Analytics Tools: Integrate robust data analytics platforms
and tools to facilitate the extraction of actionable insights and streamline data
analysis.

3. Ongoing Assessment and Improvement: Regularly assess the performance
of the data analytics approach and refine strategies to maintain alignment
with organizational goals.

The process of enhancing an online real estate management system through data
analytics involves several key steps. Initially, data is gathered from various sources,
including property listings, customer interactions, market trends, and financial
records. This data undergoes cleaning and preprocessing to eliminate errors,
inconsistencies, and missing information. Following this, different data analysis
techniques—such as descriptive, diagnostic, and predictive analytics—are employed
to extract valuable insights and identify key trends and correlations within the data.
These insights then inform strategies to enhance the system, including personalized
property suggestions, optimization of listings, and automation of processes. To
support the analysis, platforms and tools like Tableau, Power BI, and D3.js are
utilized. Additionally, machine learning algorithms and cloud computing services like
AWS, Azure, and GCP are used to develop and implement predictive models. By
incorporating data analytics, the system fosters data-driven decision-making,
improves operational efficiency, and elevates the overall customer experience.

4 Results

This section describes the implementation of the web-based real estate service application
mentioned earlier. The application was developed as both a web and mobile, with
responsiveness being a core design principle to ensure ease of use, adaptability, and real-time
updates. The goal was to create an intuitive management and service tool that enhances
decision-making, data handling, and continuous improvement of online services in the real
estate sector.

The models for each domain within the application were designed with a focus on simplicity,
no installation requirements, and accessibility across various devices. This approach allows
property agents, buyers, and owners to easily access property status and data, including
visualizations. The landing page, shown in Figures 8a and 8b, is the first interface users
encounter upon logging into the site. It includes a login feature that differentiates agents from
regular buyers or property owners, facilitating activity tracking and the generation of valuable
data insights for all users. The homepage includes a background banner and a search bar with
two parameters: property type and location.
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5 Conclusion

This study proposes a model for a web-based real estate management system with
integrated data analytics, drawing upon previous models and literature to identify
key domains and assessment outcomes for real estate services (RES). The model is
comprised of four key components: a user interface (front-end), a database
(MySQL), a back-end (PHP), and a clustering algorithm integrated with an analytics
module. Developed using an agile approach, the model is designed to identify user
subgroups and offer insights into various ideas that can drive the advancement of
online real estate services.

The proposed system provides targeted solutions to local challenges. It addresses
issues such as the difficulty of securing accommodation, reducing the risk of fraud,
and facilitating property acquisition based on specific criteria. The system also
allows users to connect with verified agents tailored to their needs, leveraging
agents’ track records. As more data is integrated, the system’s efficiency and
credibility will improve, with the learning features dynamically adapting based on
new data inputs. The online real estate management system was developed with
accessibility in mind, ensuring ease of use and the ability to access the platform from
any device. This approach makes the system user-friendly and accessible to clients
across all levels, as it is straightforward and simple to understand.
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Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
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