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Abstract

Database management systems (DBMS) have been essential in the advancement of information
technology, enabling the storing, retrieval, and manipulation of extensive data across several domains.
This review paper offers a comprehensive examination of the history, development, contemporary
trends, and upcoming difficulties in database administration. The curriculum of DBMS encompasses
several disciplines, including data modelling, implementation, and analysis. This class provides a solid
foundation for IT students to analyse, create, and implement a database system. In addition to
foundational abilities, IT students must be adept at resolving database performance problems when the
system fails to fulfil end-user requirements. In this context, database tuning encompasses many
strategies aimed at enhancing database performance and is essential for delivering an efficient database
curriculum. Nevertheless, these skills are often absent in database management systems courses.
Moreover, the study examines the problems related to scalability, security, privacy, and ethical
concerns in the age of pervasive data. This thorough analysis aims to provide scholars, practitioners,
and enthusiasts with critical insights into the history, current state, and future of database
administration.
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Introduction

A database is a domain within Information Technology that examines electronic data
processing, including creation, editing, organization, and organized data management to
attain specified outcomes. A database comprises a collection of interrelated files that
together constitute information known as data. The database is managed by a Database
Management System (DBMS), enabling numerous users to access and edit the contents. The
database serves, among other functions, to enhance speed and convenience. The database
design is intended to enhance the efficiency of information processing. Due to the principles
of primary keys, indexing, searching, sorting, and more functionalities. Furthermore, an
effective database requires user-friendliness. The database is housed on a dedicated PC,
therefore conserving space by centralizing data storage rather than distributing it across all
client PCs. All transactions entering and exiting the database records must be processed via
this Dedicated-PC Server. All information sources and processed data are consolidated under
a single database, ensuring a guaranteed degree of accuracy. All information and data
processing outcomes are consolidated in a single location. Facilitate data management. Big
data is among the most sought-after sectors in corporate software development and
enhancement today. The prevalence of big data is a socio-technological phenomena driven
by the fast and continuous increase in information volume. The development of the
education sector and its facilities inevitably adapts to the use of database management
system technology. This may be applicable and beneficial to the functions of supervision,
implementation, and assessment in the execution of continuing education or sustainability
education. Continuing education aims to enhance foundational education and equip students
to engage as community members capable of fostering reciprocal relationships with their
social, cultural, and natural environments, while also cultivating additional competencies for
the workforce or advanced studies.
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processes. Computers mostly depended on rudimentary file
systems, resembling digital equivalents of actual filing
cabinets. These file systems enabled users to establish
directories and retain data inside them. Nonetheless,
administering data in this fashion was constrained regarding
structure and retrieval functionalities. Users were required
to traverse directory hierarchies to find particular files,
resulting in inefficiencies and difficulties in data
management.

Notwithstanding these constraints, early databases and file
systems were crucial in the formative phases of computers.
They offered a method for people and businesses to store
and retrieve information, although in a somewhat
rudimentary manner comparable to modern database
management systems.

Emergence of Relational Database Management Systems
(RDBMS)

The advancement of database administration saw a
substantial progression with the advent of Relational
Database administration Systems (RDBMS). RDBMS,
introduced in the 1970s, transformed data organization and
manipulation. RDBMS is an organized methodology for
data storage, using tables, rows, and columns, rather than
flat files.

The relational model, developed by Edgar Codd, established
a robust foundation for the logical and efficient
representation and querying of data. Data was structured
into tables, each including rows (records) and columns
(attributes). Relationships among tables were formed using
keys, facilitating intricate searches and data processing
tasks.

The advent of RDBMS signified a paradigm change in
database administration, providing enhanced data integrity,
flexibility, and scalability. It emerged as the preeminent
approach for organizing structured data and established the
groundwork for contemporary database systems.
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Fig 1: Diagram of relational database management system

Progression of database models - transition from
relational to NoSQL

Although RDBMS became widely used for structured data
administration, the advent of novel data types and use cases
required alternate database management strategies. This
resulted in the emergence of NoSQL (Not Only SQL)
databases, which departed from the conventional relational
approach.

NoSQL databases were developed to accommodate many
data types, including semi-structured and unstructured data,
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which posed difficulties for management within the
limitations of RDBMS. NoSQL databases reject the
stringent schema restrictions of relational databases and
adopt a more flexible data architecture. Examples of NoSQL
databases include document-oriented databases such as
MongoDB, key-value stores like Redis, and graph databases
such Neo4j.

The emergence of NoSQL databases signified a
transformative change in database technology, providing
scalability, performance, and flexibility for contemporary
applications. These databases were wused in web
development, large data analytics, and real-time data
processing, areas where conventional relational databases
failed to satisfy the requirements.

Transformative changes in database technologies

The progression of database technology has been influenced
by many paradigm changes propelled by breakthroughs in
computing, storage, and data processing. The introduction
of cloud computing has revolutionized the deployment,
management, and access of databases.

Cloud-based database services, provided by companies like
Amazon Web Services (AWS), Microsoft Azure, and
Google Cloud Platform (GCP), provide scalable and
economical options for data storage and management.
Organizations may use cloud databases to alleviate
infrastructure administration responsibilities and concentrate
on application development and innovation.

A notable development is the incorporation of Artificial
Intelligence  (Al) and Machine Learning (ML)
methodologies into database administration. Al-driven
databases may automate functions such query optimization,
data categorization, and anomaly detection, enhancing
performance and efficiency. Furthermore, Al-powered
analytics allow firms to extract significant insights from
extensive data, facilitating informed decision-making and
enhancing competitive advantage.

Database Methodology

The variables outlined might adversely affect the
performance of database systems, irrespective of the DBMS
provider. Consequently, the fundamental consequence is
that the factors need comprehensive analysis and evaluation
together, rather than in isolation, when striving to improve
performance. This assertion has been endorsed by Oracle
Corporation via the notion of Total Performance
Management (TPM). The TPM technique offers a
comprehensive experience that is unique compared to a top-
down approach. The holistic method may be elucidated as a
methodology that addresses challenges from several
perspectives, facilitating an ordered synthesis of tools and
techniques within a dynamic computer environment. The
enduring nature of its programs is ascribed to their
development to meet specific needs, executed deliberately
and purposefully rather than habitually. The technique
perceives the database as an entity whose size and
complexity increase over time, hence elevating the
significance of performance management accordingly. The
method progresses via three consecutive phases.

Principles of database management systems

Data models and schemas

Envision a large container in which you keep all your
possessions. To maintain organization, one may use distinct
compartments or categories, such as one for apparel, another
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for literature, and so on. In a database management system
(DBMS), data is systematically structured using data models
and schemas.

Data models are like blueprints that define how data is
structured and organized in a database. The relational model
is a prevalent data architecture that organizes data into
tables with rows and columns. Each row denotes an
individual record or entry, and each column signifies a
particular characteristic or piece of information.

For instance, in a bookshop database, there may be a table
titled "Books" including columns such as "Title," "Author,"
"Genre," and "Price." Each row in the table denotes a
distinct book, while each column contains particular
information on that book.

Schemas define the logical architecture of the database,
including tables, columns, inter-table connections, and data
restrictions. Consider schemas as the regulations that dictate
the organization and storage of data inside the database.

For example, the design of our bookstore database may
dictate that the "Title" field in the "Books" table must be
unique for each book, therefore preventing duplicate titles.
Data models and schemas provide a structure for the
organization and structuring of data, facilitating efficient
storage, retrieval, and management.

Query languages and optimization

In a database, querying entails posing inquiries to get certain
information. Similar to requesting a librarian to locate a
certain book in a library, query languages are used to
interact with a database and extract the necessary data.

SQL (Structured Query Language) is a popular query
language particularly formulated for interfacing with
relational databases. SQL enables the execution of
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instructions to retrieve data from tables, insert new records,
update existing records, and delete unnecessary data.

For example, to retrieve a list of books from our bookstore
database, you might write a SQL query like:

Sql code

SELECT Title, Author, Price

FROM Books

WHERE Genre = "Fiction’;

This query would select the title, author, and price of all
books in the "Fiction" genre from the "Books" table.

Query optimization is the practice of enhancing the
performance of database queries to ensure their execution is
as rapid and efficient as feasible. Similar to a librarian
categorizing books by genre or author for easy access, a
database optimizer evaluates queries to ascertain the most
effective method for data retrieval. Techniques like
indexing, which establishes a data structure to enhance data
retrieval speed, and query rewriting, which reformulates
requests to boost efficiency, are often used to optimize
database queries.

Query languages and optimization methods are essential for
facilitating effective and efficient user interaction with
databases.

Transaction oversight

In daily life, transactions refer to acts such as purchasing
groceries or withdrawing funds from an ATM. In a
database, transactions signify a sequence of operations that
must be executed together as a singular entity.

Envision an online shop where a consumer intends to get a
book. The transaction may include many phases, including
subtracting the book's price from the customer's account
balance and updating the inventory to indicate the sale.

ACID Properties in DBMS

C = Consistency

| = Isolation

D = Durability

The entire transaction takes place at once

or doesn't happen at all.

The database must be consistent before

and after the transaction.

Multiple Transactions occur independently

without interference.

The changes of a successful transaction
occurs even if the system failure occurs.

Fig 2: ACID properties

Transaction management guarantees the reliable and

consistent execution of activities, even in the occurrence of

system faults or mistakes. This is accomplished by the use

of ACID properties:

a) Atomicity: Guarantees that either all operations inside
a transaction are executed correctly or none are
executed. In our bookstore scenario, the whole purchase

transaction is either fully executed, including the
deduction of the book's price and the inventory update,
or it is not executed at all.

b) Consistency: Guarantees that the database maintains a
uniform state before to and subsequent to a transaction.
The overall inventory count must remain precise after
the update of inventory data.
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c) Isolation: Guarantees that transactions remain distinct
from one another to avoid intervention. Simultaneous
book purchases by numerous clients must not disrupt
one another's transactions.

d) Durability: Guarantees that the consequences of a
committed transaction are irrevocable and endure
system failures. Upon the commitment of a transaction,
the alterations enacted by the transaction must endure,
regardless of system failure.

Compliance with these ACID criteria guarantees data
integrity and dependability in transaction management
inside database operations.

Concurrency control and recovery

Concurrency control refers to the regulation of concurrent
access to shared data by several users or transactions. In a
multi-user database system, it is typical for numerous
transactions to simultaneously access and edit the same data.
Envision a situation in which two consumers are vying to
get the last copy of a book from an online retailer. Both
clients' purchases need an inventory update to account for
the sale. Inadequate concurrency management might result
in conflicts, causing inconsistencies or errors inside the
database.

Concurrency management technologies, including locking
and timestamping, are used to regulate simultaneous access
and maintain data consistency. Locking inhibits concurrent
activities by temporarily restricting access to the data under
modification. Timestamping provides a distinct timestamp
to each transaction, enabling the database management
system to ascertain the sequence in which transactions need
to be completed.

Recovery management is the process of reinstating the
database to a coherent condition after a system breakdown
or error. It encompasses methodologies like as logging,
which documents changes executed by transactions, and
checkpoints, which generate snapshots of the database's
state at designated intervals.

Database in higher education

Graduating IT students get courses and internships that
equip them to design and enhance database applications for
their future employers. Nevertheless, the existing IT
curricula and internships do not provide graduate students
with the ability to address problems related to suboptimal
database performance - a subject that remains unclear and
contentious. Students lack the ability to use their academic
and internship experiences to navigate problem resolution,
leaving them to rely on their own resources. The subject
seems to have been mostly overlooked in IT curricula at
most institutions. In this context, the researcher may
conclude that database tuning is performed in an ad-hoc
way, without a structured formal process or theoretical
foundation suitable for integration into the course
curriculum. It may also be argued that a broader array of
computer subjects has to be included into the curriculum to
illuminate database optimization, allowing for an in-depth
study of the subject. Moreover, it is important to note that a
subtle distinction often separates conventional higher
education curricula from vocational technology education.
Consequently, the topic, including database optimization, is
often associated with specific software manufacturers rather
than intellectual disciplines that may establish a niche in
university curricula. In this setting, conventional university
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education seeks to enhance students' intellectual capabilities
to foster their learning potential rather than to provide
vocational training. The American Council on Education
(ACE), a collective entity for American colleges and
universities, articulated its fundamental values as
inclusiveness and diversity, recognizing higher education's
societal responsibilities and embodying the belief in
extensive engagement.

In this context, certain institutions of higher education strive
to provide a comprehensive curriculum for both
undergraduate and graduate students, while others choose to
refine their uniqueness and concentrate on their offerings,
asserting that mission specificity will enable them to address
the needs of learners from varied backgrounds.

Advantages of DBMS in the education sector

a) It ensures data security

Learning institutions record data on student attendance,
teacher attendance, and grades every day. With a data
management system, this information is safe online.
Through data management, all information in the school is
secured. Data management follows guidelines and outlines
the necessary improvements to ensure data security. Data
management systems only give access to authorized
network users. Without a password to the systems, it is not
possible to access school information. This way,
confidential student information is kept safe and secure.

b) It helps with generating school calendar and events
Learning institutions need a flexible calendar to run
smoothly. With a reliable data management system, the
school administrator can modify the school calendar,
keeping the school staff, parents, and students updated on
the activities and events the school is planning to have.
When parents and students are informed of tournaments and
other school calendar activities, they can prepare in
advance. Any slight change inthe school calendar is
reflected in the data management system, and parents and
teachers can get a notification on their phones.

c) It helps you to monitor student performance

Learning  institutions can use an  Education
Management Information System (EMIS) to monitor
student performance. EMIS is software that collects and
stores data to generate reports after analysing it. Using this
tool, teachers can track the day-to-day student progress. It
records all information on student library details,
exam records, and other personal data like class status and
demographic data. This kind of data management system
provides essential insights that teachers and school
management can use to monitor student performance.

d) It allows efficient management of assignments
Distributing student homework and assignments is such
atedious task for teachers. Collecting, reviewing, and
getting feedback from students is challenging. If you don’t
have data management systems in place, it’s even worse.
With a school database management system, teachers can
assign homework and assignments to many students at a go.
They can also check assignment deadlines and get real-time
feedback from students. Handling assignments and projects
is cumbersome for both teachersand students. DBMS
makes it easier for students and teachersto handle
projects anywhere.  This way, they can improve
their productivity
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Strategies for effective integration of DBMS in education

sector

a) Policymakers need to prioritize investing in technology
infrastructure in schools and educational institutions.
Investing in technology infrastructure will ensure that
all students have equal access to technology and bridge
the digital divide.

b) Educators need to be trained in the use of technology in
education. Training programs should focus on
providing educators with the necessary technical
expertise to integrate technology into the classroom
effectively.

c) The development of technology-based learning
materials should be based on pedagogical principles.
Technology-based learning materials should be
designed to support learning outcomes and be tailored
to meet the specific needs of individual learners

d) Educators need to collaborate with technology experts
to create technology-based learning materials.
Collaboration between educators and technology
experts will ensure that technology-based learning
materials are effective and support learning outcomes.

Conclusion

This research aims to assess the significance of including
database tuning into the curriculum of the university's
computer information systems program. Analysis of higher
education institutions revealed that only certain database
tuning elements are addressed in undergraduate curricula,
lacking comprehensive coverage of the issue.

Teaching the issue requires a planned technique that
addresses both micro-level and macro-level variables. This
is especially relevant since database tuning encompasses a
theoretical framework that may significantly engage a topic,
without only focusing on any one DBMS vendor package.
However, it does not exclude the need for real DBMS
training including handshaking.

However, educators must address the challenges that come
with integrating technology into the classroom, such as
limited access to technology, lack of technical expertise, and
high costs. With effective strategies and collaboration, the
integration of IT in education can create a more
personalized, interactive, and engaging learning experience
that can improve learning outcomes and bridge the digital
divide.
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