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ABSTRACT

This paper presents the process of building and developing a
mobile application designed to assist students and users in learning
and applying Database management techniques. The goal of the
application is to provide a user-friendly tool for solving
exercises related to functional dependencies and keys, as well
as normalizing relational schemas from basic to advanced levels.
The application was developed using general principles of software
development, with key features including an intuitive user interface,
object classes, and processing procedures. The main research
methods used were surveying user needs, designing functional
interfaces, and testing the application with the target user group. The
results of the research demonstrate that the application not only
helps users improve their database management skills, but also
reduces learning time through systematic exercises. The conclusions
drawn from the study highlight the effectiveness of the application in
providing an  efficient  self-learning  environment,  and
suggest potential areas for further research to enhance the features
and user experience.
TOM TAT

Bai bdo nay trinh bay qud trinh xdy dung phdt trién mét img dung
di dong danh cho viée gidi quyét bai tGp lién quan dén co sé dir liéu
nham hé tro sinh vién va ngueoi dimg trong viéc hoc tdp va dp dung
cdc ky thudt quan Iy co so dir lieu. Muc tiéu cua vung dung la cung
cdp mot cong cu than thién véi nguoi ding dé hé tro gidi cdce bai tdp
vé phu thuoéc ham va khoa, chudn héa luoc do quan hé tir co ban dén
ndng cao. Ung dung dwoc xdy dung dira trén cac nguyén Iy chung

cua phat trién phan mém, voi cdc tinh nang chinh bao gom giao dién
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nguoi dung truc quan, cdc lop doi tuong va cac thu tuc xu ly. Phuong

phdp nghién ciru chinh bao gom khdo sdt nhu cau nguoi dimg, thiét

ké giao dién chirc nang thir nghiém iing dung voi nhém nguwoi ding

muc tiéu. Két qud nghién ciru cho thdy g dung khéng chi givp

nguoi dung kha nang cai thién ky nang quan ly co so dit liéu ma con

giam thiéu thoi gian hoc tdp nho vao cdc bai tdp c6 tinh hé thong.

Ket lugn rut ra tir nghién ciru nhan manh sw hiéu qua cua ung dung

trong viéc cung cap mot moi truong tie hoc hiéu qua, dong thoi goi ¥

cdc huong nghién ciru tiep theo dé mo rong tinh nang va trai nghiém

nguoi dung.

1. INTRODUCTION

In the current digital age, databases have
become a core foundation for information
management and exploitation. Working with
databases is not only a basic requirement for IT
professionals but also an essential factor in many
fields such as business management, scientific
research, and data analysis. Therefore, enhancing
understanding and practice in databases is
necessary for both learners and professionals.
However, learning and solving database
exercises often present challenges due to their
complex and diverse nature. Traditional learning
methods often lack interactivity and do not
provide timely feedback, limiting the learner's
ability to improve their exercise-solving skills.
To address this issue, developing mobile-based
tools for solving exercises has become
increasingly important.

This paper presents the development of a
database exercise-solving application aimed at
providing an effective learning tool for users. The
application is designed to assist learners in
solving both basic and comprehensive exercises
through detailed usage guides, error notifications,
feedback on solution steps, and results. The paper

also describes the application's development

process, the technical methods used, as well as
challenges and solutions encountered during
implementation.

This paper not only contributes to enhancing
learning efficiency but also opens new directions
in the design of learning tools in the database
field. By combining interactive learning
principles with advanced software technology,
this application is expected to significantly
improve the learning experience and outcomes
for users in the field of databases.

2. RESEARCH METHODS
2.1 Materials

2.1.1 Documentation

The sources of documentation used in the
project include books, lecture materials, seminar
reports, and online resources (Hung and Minh,
2016; Khoi, et al., 2022) [1],[2].
2.1.2 Python programming language

Python has powerful high-level data structures
and a simple yet effective approach to object-
oriented programming. Python’s syntax is a
major advantage due to its clarity, ease of
understanding, and flexibility, making it an ideal
language for scripting and application

development across various fields and platforms.
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2.1.3 Framework Kivy

Kivy is a Python library that supports cross-
platform development. This means that a single
codebase can be used to create applications for
Android, and 10S, as well as Windows, Linux,
and macOS.
2.1.4 NoxPlayer Emulator

NoxPlayer is an Android emulator designed to
simulate the interface and functionality of the
Android operating system on PC and macOS
screens. Emerging alongside the rise of many
engaging mobile games, NoxPlayer quickly grew
in the mobile gaming and app market on
computers. With continuous improvements,
NoxPlayer has become a widely favored Android
emulator among gamers and coders.
2.1.5 Colab Platform

Colab, or Google Colaboratory, is a cloud-
based platform that allows users to write and
execute Python code, primarily serving machine
learning and data analysis. It offers an interactive
programming environment with easy sharing
capabilities, integrates libraries such as
TensorFlow, and supports free GPU usage. Colab
helps users learn and develop projects without the
need for complex local environment setups.

2.2 Methods

2.2.1 Requirement analysis

Requirement analysis is conducted to
determine necessary functionalities using the
following methods:

- Survey and interview: Surveys and
interviews are conducted with instructors and
students to understand the users' needs and
desires. Questions focus on necessary features
such as exercise types, feedback methods, and
learning support features.

- Document Analysis: Study existing teaching

materials to determine functional and non-
functional requirements, while also surveying the
best standards and methods in the field of
database teaching and learning.

2.2.2 System design

Based on the gathered requirements, the
system design method consists of the following
main components:

- System architecture: The application is
designed following a three-tier model, consisting
of the user interface, logic processing layer, and
data storage layer (Loc, 2014; Thang, 2023)
[31.[4].

- Data design: The relational schema is
defined as s=(Q,f), where Q is a set of attributes
and f'is a set of functional dependencies declared
using the data structures String and List, stored as
a File data structure in the Python programming
language.

- User interface: The user interface is designed
to be user-friendly and easy to use, ensuring that
users can effectively interact with the application.
UX/UI design principles and interface design
tools are employed.

2.2.3 Application development

The application development process
includes:

- Programming: Python is used for both
frontend and backend programming, along with
support packages for designing widgets.

- System Integration: The system’s
components, including the user interface, logic
processing, and data structure, are integrated to
ensure synchronous and accurate operation.

- Testing: Testing methods such as unit
testing, integration testing, and system testing are
conducted to ensure the application functions

correctly. In the future, automated testing tools
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may be utilized.
2.2.4 Application evaluation

The following methods are employed to
evaluate the application:

- User testing: A group of students and
teachers is invited to test the application in a real
learning  environment. Feedback on the
application's usefulness, ease of use, and
effectiveness in solving database exercises is
collected.

- Data analysis: Feedback from users is
analyzed using both quantitative and qualitative
methods, including statistical analysis and
content analysis from interviews and surveys.

- Adjustments and improvements: Based on
the evaluation results, necessary adjustments and
improvements are made to optimize the
application, enhancing user experience and
learning effectiveness.

3. RESULTS AND DISCUSSION
3.1 Results
3.1.1 Algorithm installation

With the relational schema s=(Q,f), where Q
is a set of attributes and f represents functional
dependencies, the following solving algorithms
have been successfully implemented:

—  Finding the closure of a set of attributes

—  Determining if a functional dependency
is derivable from a set of functional dependencies

—  Identifying redundant functional
dependencies

— Identifying and removing redundant
attributes on the left side of a functional
dependency

—  Finding the minimal cover of a set of
functional dependencies

- Identifying a specific key of a relational

schema

- Identifying all keys of a relational schema

- Determining if a relational schema satisfies
3NF (Third Normal Form)

- Determining if a relational schema satisfies
BCNF (Boyce-Codd Normal Form)

- Decomposing a relational schema into
projection schemas satisfying 3NF

- Decomposing a relational schema into
projection schemas satisfying BCNF
3.1.2 Key algorithms

Consider the relational schema s = (£, f),
where (0 = A4, ... A, is the set of attributes, and
f is the set of functional dependencies in the form
f={L; = R;/L;, R; € 2}. is a non-empty subset
of (.

- Algorithm for finding the closure (X)" of X:

(1) Assign X' = f

(2) Assign T=X

(3) While there exists a functional dependency
L>ReXANLET ARGET do:

a. T=TUR
b. X =X\{L - R}

(4) Conclude (X)* =T

- Algorithm to determine all the keys of a
relational schema:

(1) Set:

L = Uy, -p,efL; : the union of the left-hand
sides of all functional dependencies in f.

R = Uy, 5r,ef R; : the union of the right-hand
sides of all functional dependencies in f.
0 = 0O\R
A=LNR

(2) If 2 = @ thekey of's is 8; otherwise, move
to step 3

(3) Find all subsets X of A

(4) Find allXU@ such that the closure
(X UB)* =1, meaning X U @ is a superkey..
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(5) The set of minimal superkeys is the set of

all keys of's.

- Algorithm for decomposing a relational
schema into projection schemas satisfying 3NF:

* Step 1: Find the minimal cover ' of f

* Step 2: Find the decomposition that splits s
into projection schemas satisfying 3NF:

(1) Identify £2, as the set of attributes that do
not appear in either side of any functional
dependency in the minimal cover .

If 2y # @ include £ in the decomposition.

(2) Identify Q; fori> 0:

For each group of functional dependencies in
f' with the same left-hand side L;, for example: L;
— Aig:

Li = Ay
Li = Ajp
Li = Ay

thi dinh nghia 2; = L;A;1 4 - Ak

(3) The decomposition @[, ;i for i > 0]
decomposes s=(2, f) into a relational schema
satisfying 3NF.

e Step 3: Transform the obtained
decomposition into a lossless, dependency-
preserving decomposition:

(1) Find a key K of the relational schema
s=(Q, 1).

(2) Check key K:

i. If there exists a component Q; containing K,
this is the required decomposition. End the
algorithm.

ii. If no component €; contains K, then K U
0[€0, Qi for i > 0] is the required decomposition.
End the algorithm.

- Algorithm for decomposing a relational
schema into projection schemas satisfying

BCNF: This algorithm iteratively decomposes a

schema into two schemas:

Seti=1.

While s=(Q, f) does not satisfy BCNF, do:

a. Select X—A € f that does not satisfy
BCNF, meaning:

X is not a key, and

A¢gX.

b. Set: Qi=X U A fi=TI (Qi)(f)

In this case, si=(€, fi) has X as the key and
satisfies BCNF.

c.Set: Q=Q\A =11 Q(f)

d. Increment i.

Result: The required decomposition is @[€2,
Q.
3.1.3 User Interface Implementation

To ensure convenience, the following
interfaces of the toolkit have been successfully

implemented.

BO CONG cuU
GIAI BAITAP
HOC PHAN CO SO DU LIEU

Tdc gia Hudng dén =ir dung Céc dang baitap  Thodt

Figure 1. Main interface
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(CAI ANG HAL LAY

LUgE BO QUAN HE HIEN THI KET QUA

KEt qud hiEnth| & auy

Mhusge tinh Bm boo a6/
et thussc him sy dij T
CHON MIT DANG BAI TAP
Tim bao Tong Tim b5t ol khéa
Suy aln Wit chesin INF
Tim pth thira Nt ohutin BONF
Tim thuga tish Bura  Tios chudn INF
Phitsitisu  Tich chuiin BCNF
Tim mit kda Xda kit qud

Figure 2. Problem-Solving interface

LUQC DO QUAN HE

ABCDEG
AB->C
D-=EG
C->A
BE->C
BC-=D
CG-=BD
ACD-=B

CE-=AG

Figure 3. Relational schema input area

CHON MOT DANG BAI TAP

Tim bao déng Tim tét ca khéa

Suy dién Xét chudin 3NF

Tim pth thira Xét chudn BCNF

Tim thude tinh thira Tach chudin 3NF

Ph t5i tiéu Téch chuin BCNF

Tim mét khéa X6a két qua

Figure 4. Exercise selection area

HIEN THI KET QUA
Khdl ddu (AB)+=AB

Xét AB->C
Thém C vao AB
(AB)+=ABC
Xét D->EG
Xét C->A
Xét BE->C
Xét BC->D
Thém D vao ABC
(AB)+=ABCD
Xét CG->BD
Xét ACD->B
Xét CE->AG

Xét AB->C
Xét D->EG
Thém EG vao ABCD
(AB)+=ABCDEG

Xt C->A

Xét BE->C

Xét BC->D

Xét CG>BD

Xet ACD->B

Xét CE->AG

Xeét AB->C

Xét D->EG

Xet C->A

Xét BE->C

Xet BC->D

Xet CG->BD

Xét ACD->B

Xet CE->AG

Bao dong cua AB la (AB)+=ABCDEG

Figure 5. Result display area

3.2 Discussion

3.2.1 Overview of results

This paper focuses on the design and
development of a database exercise-solving
application aimed at supporting students in
learning and mastering database concepts. The
results from the deployment and testing of the

application indicate that this tool has achieved
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significant success in enhancing students'
understanding and skills.
3.2.2 Application effectiveness

The application was evaluated based on
several criteria, including usability, accuracy in
solving exercises, and the level of support it
provides to users. Survey results and analysis
show that students found the application helpful
in making it easier to approach and solve more
complex database problems. Improvements in
grades and positive feedback from users
demonstrate that the application has successfully
fulfilled its role in supporting learning.

3.2.3 Limitations of the research

Based on user feedback and suggestions from
the project review committee, some areas for
improvement were identified. Specifically,
several teachers and students recommended the
integration of more interactive learning modules
or advanced exercises to further strengthen
knowledge, as well as a more user-friendly and
visually appealing interface. This indicates
potential for expanding and updating the
application to include additional features, such as
explanations of detailed database concepts or
automated exercise generation.

Although the application has proven effective
in certain areas, it still has some limitations. One
of these is the simplicity of the exercise format (it
does not scan handwritten exercises), which may
affect its generalizability. Additionally, the
application has not been extensively tested in
various learning environments, so further
research is needed to evaluate its feasibility in
different scenarios.

To enhance the application's value, future
research could focus on integrating Artificial

Intelligence and Machine Learning to personalize

the learning experience for each user.
Incorporating data analysis tools could help
identify areas for improvement and provide
immediate feedback to students. Furthermore,
expanding the application to other fields of study
beyond databases could increase its overall
usefulness.

Overall, it has been demonstrated that the
database exercise-solving application can play an
important role in supporting students. Although
there are some limitations and areas that need
improvement, the current application provides a
useful tool for learning and can be developed
further to meet the growing demands of teaching
and learning in database education.

4. CONCLUSION

This paper has presented the design and
development of an application aimed at assisting
with the resolution of database exercises. The
application not only provides a simple, user-
friendly tool but also offers substantial support
for students' self-study to enhance their learning
process. By applying modern software design
principles and advanced technologies, the tool
has achieved promising results in effectiveness
and interactivity. Testing results indicate that the
application allows users to self-assess their
exercise-solving abilities by comparing their
results and methods with the tool's feedback.
Positive user feedback demonstrates that the
application effectively meets their learning needs
and contributes positively to self-directed
learning. However, there are still areas that
require improvement, including expanding the
range of exercises and enhancing the
customization capabilities of the analysis tools. In
the future, it may be possible to further expand

and update the application to better meet learners'

126



Nam Can Tho University Journal of Science and Development Economics

ISSN: 2588 1272 No. 33 (2025)

needs while incorporating the latest research in
the field of educational technology to improve the
quality and effectiveness of the application. It can
be seen that this application is not only a useful
tool for learning and teaching databases but also
a necessary first step for further research and
development in the field of educational
technology. It is hoped that future research will
continue to expand and optimize the solutions
presented in this paper, thereby contributing to
the comprehensive development of database
learning and teaching methods. The most
significant outcome of this project is the
successful design and implementation of a toolkit
to support solving several basic types of exercises
in the database course. The advantage of the
product is its lightweight nature, allowing it to be
executed on Android mobile devices. Based on
the results and analysis from the research on
developing the database exercise-solving
application, the following content can be further
developed in the future: It is recommended to
expand the application's features to include a
wider variety of exercises, ranging from basic
exercises to comprehensive ones. This will help
meet the needs of a broad and diverse user base.
Integrate analysis tools and direct feedback
mechanisms so that users can comment and better
understand  their mistakes or areas for
improvement during the exercise-solving
process. Enhance the user interface (UI) and user
experience (UX) of the application to ensure ease
of use and intuitiveness. The interface should be
designed to be simple yet comprehensive enough
to include all necessary functions for effective
exercise solving. Provide detailed instructions
and illustrative examples to help users easily

familiarize themselves with how to use the

application and its features. Encourage the
integration of advanced technologies such as
Artificial Intelligence (Al) and Machine Learning
to automate the exercise-solving process and
provide more accurate feedback. These
technologies can help improve the application's
performance and support users in understanding
and learning from  exercises.  Propose
collaboration with schools and research
institutions to gather user feedback data and
continuously improve the application based on
this feedback. Encourage conducting further
studies to evaluate the effectiveness of the
application in supporting the learning and
teaching process, thereby adjusting and
enhancing the application's features.
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