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Abstract

The rapid development of information technology and network infrastructure has brought about
numerous opportunities and breakthrough applications in management and operations across all sectors of
modern life, with education holding a significant position. Currently, the Ministry of Education and Training
has implemented transactional portals to support universities and colleges in constructing admission plans.
However, these transactional portals only provide basic support such as uploading data on lecturers, floor
area, student scale, and some forms and reports. Despite some improvements, these systems are still incomplete
and not consistently updated with admission plan data over the years. Additionally, there is no automated
mechanism to propose an optimal solution for balancing the faculty size, student scale, and floor area to
estimate admission targets for specific fields and disciplines. Therefore, we propose a new solution: building
a web-based system integrated with linear programming algorithms. The goal is to optimize the admission
process, balance the faculty, minimize errors, and enhance efficiency, thereby fixing the limitations of the
current Ministry’s system.
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Tém tit

Sw phat trién nhanh chong ciia cong nghé théng tin va ha tang mang da dem lai nhiéu co hji va vmg
dung dot pha trong quan Iy va diéu hanh ¢ moi linh vuc ciia doi song hién dai, trong do gido duc chiem mgt
Vi tri quan trong. Hién nay, B¢ Gido duc va Pao tqo da trién khai cac cong nghiép vu ho tro cdc truong Dai
hoc, Cao dang xdy dung dé an tuyén sinh. Tuy nhién, cac cong nghiép vu nay chi ho tro co ban nhu viéc
upload dir li¢u doi ngii, dién tich san, quy mé sinh vién, va mot so biéu mau, bao cdao. Mdc du da co nhitng
cdi tién, nhung van chwa day du va khong lién tuc trong viéc cdp nhdt dit liéu dé an tuyén sinh qua cdac nam.
Ngoai ra, chira co co ché tw dong giup dé xuat phwong dan toi wu cho sy can doi giita doi ngil gidng vién,
quy mo sinh vién va dién tich san dé woc tinh chi tiéu tuyén sinh cho n‘mg [inh vue va nganh cu thé. Do do,
chiing t6i dé xudt mét gidi phap mai: xdy dwng mot hé thong trén nén tang web két hop voi thudt todin quy

hoach tuyén tinh. Muc tiéu la t6i wu héa quy trinh tuyen sinh, can doi doi ngii giang vién, giam thiéu 16i va
ndang cao hiéu suat, tir d6 khdc phuc nhitng han ché hé thong hién tai cua Bo.

Tir khéa: Cao dding, dai hoc, gido duc, quy hoach tuyén tinh, tuyén sinh.
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1. Introduction

The admissions project is a crucial strategic
document that guides the admissions process
of universities and colleges. It is considered a
detailed design blueprint, clarifying not only the
admission criteria and methods but also reflecting the
commitment of the educational system to enhancing
the quality of education to meet the increasingly
diverse needs of society.

Based on the regulations and guidelines of
the Ministry of Education and Training (MOET),
according to Decrees No. 02/2022/TT-BGDDT,
03/2022/TT-BGDDBT, 09/2022/TT-BGDDT,
10/2023/TT-BGDPT, the admissions plan ensures
transparency and fairness while promoting creativity
and innovation in the application of new admission
methods and technologies. This optimizes the
process, improves the efficiency and quality of the
admissions process, ensuring that universities and
colleges acquire quality human resources that meet
the demands of labor market.

In summary, the admissions project is not
just a regulatory document but also a symbol of
innovation, improvement, and development in
education. It correctly applies the regulations and
guidelines by MOET, ensuring that Vietnamese
education remains at the forefront serving modern
society and the labor market.

2. Related works

Building the admissions project is an extremely
important task, taking place regularly every year
and significantly influencing the success or failure
of the entire admissions process at universities
and colleges. Currently, at Can Tho University
of Technology, completing this task annually
calls for extra coordination and funding from a
number of related functional departments, including
the departments of training, organization and
administration, politics and student management,
administration and equipment, and many more. On
the other hand, the process of collecting, analyzing,
and processing data on the student body and the
scale of existing facilities often takes place manually,
leading to a considerable amount of time and errors,
along with challenges in selecting optimal solutions.

Under the Government and MOET, two
important platforms have been implemented in the
process of developing the admission project for

universities and colleges: the admission information
portal (tuyensinh.moet.gov.vn) and the HEMIS
system (hemis.moet.gov.vn). The former is an
online application that provides detailed information
about determining admission quotas, forms, and
related regulations, helping students and parents
have a comprehensive and easy understanding of
the admission process. Meanwhile, HEMIS assists
schools in managing and tracking information of
candidates, from the registration process to admission
evaluation and results, creating a clear and effective
database. The achievements of these two systems
include enhancing transparency and fairness in the
admission process, improving convenience and
efficiency for candidates in submitting applications
and tracking results, as well as strengthening the
management and data analysis capabilities of schools.

However, there are also some limitations and
shortcomings, such as:

(1) - The data for the admissions project between
years is still lacking, not consistently maintained. To
implement the admissions project for the next year,
one has to reload all the data instead of inheriting the
data from the previous year.

(2) - No automated mechanism suggests optimal
solutions for balancing the lecturer team with the
student scale, floor space, and calculating admissions
quotas for each specific field and industry

(3) - The data has not been detailed and
calculated in the functions. Moreover, managing and
updating data in HEMIS requires high accuracy and
synchronization from the schools, potentially leading
to errors and difficulties in processing admissions
information.

Thus, this study proposes a solution to build
a new system as a significant step to address the
three limitations from the two aforementioned
systems and to optimize processes and activities
in these issues. This new system is designed and
developed based on the waterfall development
model. This model, introduced by (Royce, 1970),
is a software engineering framework that includes
steps such as: requirements analysis, system design,
program design, coding, unit testing and integration,
system testing, acceptance testing, deployment,
and maintenance. Additionally, we integrate linear
programming algorithms into the system to address
the remaining limitations. This proposed solution
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not only enhances the level of support for admission
project consultancy but also paves the way for a new
direction in automating this process.

3. Materials and methods

The architecture of the system is presented in
Fig.1. Here, the admission project system provides
comprehensive information about quality assurance
conditions: physical facilities (classrooms, practice
rooms, or laboratories, and essential equipment,
learning materials), teaching staff, training scale,
and some other crucial information as stipulated
in the regulations and guidelines of the Ministry of
Education and Training.
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Fig. 1. Architecture diagram of the system

To meet the system requirements as described,
we build modules based on relevant theoretical
foundations and perform the following functions:

* Develop a management module for admission
disciplines (training fields, training department
groups, disciplines, and field coefficients) to assist
users in configuring admission disciplines by the
year and field.

* Build a management module for the faculty
team (primary lecturers, visiting lecturers, primary
lecturer conversion factor, visiting lecturer conversion
factor).

* Create a management module for physical
facilities (classrooms, practice/experiment rooms,
computer rooms, and other facilities for training) to
determine floor area.

* Establish a management module for students
(currently enrolled, withdrawn, graduated, on leave).

* Develop a management module for admission
projects (implement regulations, execute admission
projects) to support proposing optimal solutions for
balancing the teaching staff

* Analyze, design, and construct a complete
system (web-based) to integrate the aforementioned
modules.
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3.1. Development tools and technology

In this study, we utilized ASP.NET (Cwalina
et al., 2020; Price et al., 2020) and SQL Server (Bai
et al., 2020; Siahaan et al., 2020), to develop and
build the application. ASP.NET, an advanced web
application framework by Microsoft, has been widely
adopted to create high-quality and easily maintainable
web applications. When combined with SQL Server
as a relational database management system, we can
construct dynamic and interactive web applications
that efficiently and flexibly interact with data.

To optimize performance and utilize network
resources efficiently, we integrated Ajax (Asynchronous
JavaScript and XML) (McGrath, 2020; Ranjan et al.,
2020; Castillo, 2017). Ajax not only reduces page
loading time but also enhances the performance and
responsiveness of the website. The ability to combine
data from multiple sources without reloading the
page is a prominent advantage of Ajax, allowing web
applications to integrate and display data smoothly
and flexibly. Ajax has provided a better interactive
and personalized user experience, simultaneously
improving the performance and responsiveness of
the website. This demonstrates that Ajax is not just
a technology but also a significant advancement in
the field of web development, bringing substantial
benefits to both developers and users.

3.2. Construction of system modules

3.2.1. Building a module for managing
admissions disciplines

The module for managing admission majors and
the field coefficient for each major in the software
is designed to meet the regulations of the Ministry
of Education and Training. This section of the
software is responsible for managing and organizing
information about training majors, fields, and related
coefficients, making it easy for the organization to
monitor and adjust the admission process.

The admission major management module
provides the ability to add, update, and delete
information about training majors in the system.
Administrators can input detailed information
about each major, including the training field,
group of majors, and other related factors. This
helps create a clear and comprehensive database
of training majors.
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The field coefficients for each major are
integrated to ensure that the software complies with
specific regulations set by MOET. The system allows
administrators to update and adjust these coefficients
based on requirements and current regulations.
Through this functionality, users can adapt flexibly
to changes in admission regulations and ensure that
the coefficients are applied accurately and timely
during the admission process, in accordance with the
regulations of the education management authority.

3.2.2. Building a module for managing faculty team

During the development of the module for
managing the faculty team and conversion coefficients,
the objective is to provide a tightly integrated,
synchronized, and efficient management database
for instructor information. Additionally, the module
automates the conversion of coefficients based on
the qualifications of each instructor as required by
the educational program.

The function of managing the faculty team
in the software allows administrators to input
detailed information about instructors, including
both permanent and guest lecturers. Users have
the ability to add, edit, and delete instructor
information, as well as track important details such
as qualifications, expertise, and experience. This
creates a comprehensive and accurate database of
the faculty team, facilitating efficient management
and optimization of instructor assignments for each
major and field of study.

The conversion coefficients for instructors
based on their qualifications are a crucial component
in the implementation of the admission project.
This functionality allows administrators to update
and manage these coefficients according to the
requirements and regulations by MOET (Ministry of
Education and Training, 2022). Different academic
ranks such as Professor, Associate Professor, Ph.D,
Master, and University are associated with specific
conversion coefficients, automating the calculation
process for the faculty team across various fields
of study.

Therefore, to calculate and verify compliance
with the requirements, we use formula (1) as
follows:

-N+C
T+VZQT (1)

where:
T': Total conversion of primary lecturers
V: Total conversion of visiting lecturers

Q: The number of students is taken from the
number of students currently studying.

N': Expected number of graduating students
C: Expected criteria
H: Field coefficient

Total conversion of primary lecturers (T'):
For the degrees of Professor, Associate Professor,
Doctorate, Master, University, the corresponding
general is X1, X2, X3, X4, X5 and conversion
coefficient respectively kq, ko, k3, k4, ks . At that
time, the total converted primary lecturers for the
of the industry are calculated according to degrees
and the lecturers conversion coefficient according to
formula (2) as follows:

T = k1x1 + kzXz + k3X3 + k4x4 + k5x5 (2)

Total conversion of visiting lecturers (V): s also
calculated similarly to the total converted primary
lecturers (J7), however, it does not exceed 10 of the
current number of primary lecturers. If the number
of visiting lecturers is greater than 10 of the number
of primary lecturers, only 10 of visiting lecturers will
be considered for calculation.

Expected number of graduating students
(IV'): Enabling users to easily determine the expected
number of graduating students for each major, based
on crucial factors such as training duration and
number of current students. Calculated using formula
(3), where represents the total current number of
students (currently studying, reserved) in the major,
and L is the training duration for that major.

w=2 3)
L
Expected criteria (C), Field coefficient (H):
Derived from the criteria, the industry and field
coefficients are taken according to the current
regulations by MOET (Ministry of Education and
Training, 2022).

In summary, this module not only provides an
accurate database and management of information
about the faculty team but also plays a crucial role
in efficiently implementing the admission project.
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3.2.3. Building a management module for physi-
cal facilities

We have designed and developed a facility
management module to ensure efficiency and
comprehensiveness in the management of the
school’s physical resources. This function allows
administrators to input and track details about
classrooms, laboratories, and other necessary
equipment for the educational process.

The facility management module allows users
to add, edit, and delete information about rooms and
equipment. Details such as area, equipment inventory,
and current condition help administrators easily
monitor and assess the status of the physical facilities.

The function not only focuses on storing
information but also provides data during the
inspection of facilities to meet training needs and
implement the admission project. The inspection is
calculated based on formula (4) as follows:
< s @)

T Q9-N+¢C

where: U = 2.8m? is taken according to current
regulations of the Ministry of Education and Training.

u

R: Total floor area is calculated based on the
area of classrooms, hallways, and other buildings.

Q: The number of students is taken from the
number of students currently studying.

NN': Expected number of graduating students
C: Expected criteria

3.2.4. Building a management module for ad-
mission project

In this module, we have developed based on
previous research on linear programming algorithms
(Syifa et al., 2023; Solow et al., 2014). The main
function of the module is to optimize the utilization
of lecturers, student scale, and infrastructure for
each major of study and training area. We also reuse
conditions from modules 3.1 and 3.2 to propose
hypotheses for the problem as follows:

*j € N= {Professor, Associate Professor, Ph.D,
Master, University }

* k: The number of educational disciplines,
k=1,2,3...n.

* x, The number of lecturers with a degree , for
the major £.
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* y,: The number of visiting lecturers with a
degree i, for the major £.

The total number of lecturers in each
discipline must not be less than 10 and there must
be more than 1 Ph.D.

Consequently, we have an objective function:

Minimize Z = Y; X (Xix + Yir) (5)

Subject to:

x,210,Vie N (6)
x, ty,21,Vie N={phDj} 7
x, <G, ,VieN ®)
v, <0,,Vie N\ (University) 9
Tx, ty)*C < S Vk (10)
Zi,k(x[k +yik) < Uzk (12)
xik’yikZI’Gik’ Oik’ Ci’UikZO (13)

where G : The total number of primary lecturers
with a degree i for the major k; O, : The total number
of visiting lecturers with a degree i for the major k;
S, Student scale for the major k; C;: The conversion
coefficient of primary and visiting lecturers for
each level is determined based on the policies and
regulations of the Ministry of Education and Training
(Ministry of Education and Training, 2022); U, : The
total number of lecturers

Therefore, to find the optimal solution for
problem (5), we transform the problem into standard
form, construct the simplex tableau to apply the
simplex algorithm to find the solution (Syifa et al.,
2023; Solow et al., 2014).

4. Building the system and integrating modules

Similar to other management systems, the
development process of this system includes stages
of analysis, design, construction, and deployment,
followed by integration with management modules
to implement the admission project. However, due
to the page limit of the article, we will only describe
one model database diagram and functional flowchart
according to the units, Fig.2.

The detailed Entity Relationship Diagram
(ERD) is presented in Fig.3. In it, the main entities
of the system include: User, Student, Field, Major,
Degree, Position, Unit, Class, Regulations, User
Permissions, and Results of the implementation of
the admission project.
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System Functional Flowchart Based on Units
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Fig. 2. System functional flowchart based on units
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Fig. 3. Databases diagram of the system
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The analysis and design steps were then
followed by implementing and integrating modules
into the system.

5. Experimental and evaluation

The process of software experimentation and
evaluation is a crucial step in ensuring that the
software meets the requirements and expectations
of users. During this process, tests were conducted
on the features and functions of the software in a
controlled environment to ensure its stability and
performance. Software evaluation focuses not only
on identifying bugs and technical issues but also on
assessing usability, user interface, and overall user
experience. Therefore, we employ an evaluation
method based on surveys.

5.1. The survey method and results
5.1.1. The survey method setup

In the survey methodology setup, determining
and constructing quality scales is crucial for

accurately measuring and collecting information from
participants. We applied a Likert scale with 5 levels of
response (Alabi, et al., 2023): Strongly Disagree (1);
Disagree (2); Neutral (3); Agree (4); Strongly Agree
(5). Survey participants were categorized into five
main sections: Functional Suitability - (1); Reliability
- (2); Performance Efficiency - (3); Security - (4);
Maintainability - (5). The survey data was collected
through Google Forms and analyzed using Microsoft
Excel 2013 before being summarized and presented
in the evaluation results table.

5.1.2. Evaluation of survey results

The survey results from 40 users across
four different departments (Training Department,
Organization and Administration Department,
Political Affairs and Student Management Department,
and Management and Equipment Department) show
synthesis and statistical analysis of survey results
for 5 types based on evaluation criteria for software
quality assessment of Table 1.

Table 1. Survey results for S types based on evaluation criteria for software quality assessment

Response rate (%)

# Assessment criteria are based on surveys 1 > 3 4 5
Functional completeness 0 3 10 70 18

@) Accuracy 0 5 15 65 15
Functional Functional correctness 0 3 13 68 18
Suitability Functional appropriateness 0 8 15 63 15
Average rate (%): 0 4 13 66 16

Completeness of application structure 0 3 15 73 10

Complexity of programming algorithms 0 5 10 68 18

2) Processing and fault tolerance capability 0 3 8 70 20
Reliability Recovery capability, resource management 0 10 13 65 13
Data integrity and consistency management 0 3 8 68 23

Average rate (%): 0 5 11 69 17

Fast response speed, efficiency 0 0 10 70 23

3) Appropriate interaction with resource sources 0 10 13 63 15
Performance Performance, access time, and data management 0 5 8 60 28
Efficiency Memory, network, and disk space management 0 15 13 58 15
Average rate (%): 0 8 11 63 20

Confidentiality 0 13 15 53 20

Integrity 0 8 10 65 18

4) Non-repudiation 0 13 8 68 13
Security Accountability 0 15 5 55 25
Authenticity 0 3 8 68 23

Average rate (%): 0 10 9 62 20

Modularity 0 0 10 70 23

) Analyzability 0 3 5 65 28
Maintainability Modlﬁ.a‘plhty 0 5 13 68 15
Testability 0 10 10 63 18

Average rate (%): 0 4 9 66 21

60



Dong Thap University Journal of Science, Vol. 13, No. 5, 2024, 53-63

The obtained results are impressive regarding
the performance of the application, presented in Table
1. Among the participants in the survey, up to 94% of
users found the app very user-friendly and easy to use.
A notable highlight is the application’s capability to
assist in the implementation of the admissions project;
users highly rated its effectiveness. Furthermore,
the application programming also received high for
ratings supporting the balancing and distribution
of teaching staff through the application of linear
algorithms. According to the software quality

evaluation criteria, we recorded impressive scores:
Functional Suitability achieved an average rate of
96%, Reliability 96%, Performance Efficiency 93%,
Security 90%, and Maintainability 96%. Overall, user
feedback confirms their high satisfaction with the
quality and performance of the application, as well as
its problem-solving ability and stability. In general,
the survey results confirm that the application not
only meets but also exceeds expectations, becoming
a reliable tool in supporting work and management
within the organization.

Evaluation levels of 5 criteria

(5) Maintainabiliy 96%
(4) Security
(3) Performance Efficiency
(2) Refiabilty 96%
(1) Functional Sukability 96%
86% 88% 90% 92% 94% 96% 98%
(1) Functional . (31 ] (5)
Suitabiity. | 12 Relabiliy P'E’ffgc'ig’:gce (SO, | e sratibty
|5eria-.1 96% 96% 93% 90% 96%

Fig. 4. This chart summarizes the survey rates based on five software quality evaluation criteria according
to ISO/IEC 25010 standards. Users have rated the application very highly, which is clearly illustrated on the
chart with specific criteria

5.2. System deployment

The results of implementing the system
have brought significant progress and advantages
for the organization. The system not only helps
optimize management processes but also provides
comprehensive and accurate information, thereby
effectively supporting education and resource
management. This reduces the workload pressure on
officials and employees while enhancing the ability to
make accurate and flexible decisions. The system has
created an efficient working environment, enhancing
interaction among relevant parties such as lecturers,
students, and administrators. The automation of
administrative processes, such as admissions,

has reduced administrative procedures, increased
transparency, and minimized errors.

In addition, the system also provides flexibility
for adjustments and expansion over time. Its ability
to integrate with modules and adapt to changes in
processes ensures that the system will continue to
meet the needs and goals of the organization. Some
screenshots and functionalities of our system are
detailed as follows:

Implementing the admissions project function
has enhanced management efficiency and optimized
the process, bringing modernity and flexibility to meet
the diverse needs of the institution.
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Fig. 5. The function of implementing the admission project

During the implementation process, the deployment
function of the admissions project has significantly
optimized operations, reducing time-consuming and
labor-intensive manual steps. With its automation
capability, it not only aids in searching but also suggests
balanced solutions among faculty, admissions, and
infrastructure for each field of study, thereby enhancing

the efficiency of the organizational process. Additionally,
the application features a function to export lists after
executing the admissions project, a crucial element
in the system, has been robustly implemented in the
admissions process. It helps organize information
systematically and in detail, facilitating the management
process and decision-making.
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Fig. 6. Results of the numerical data after implementing the admission project

In summary, the results of system deployment
not only demonstrate robust progress in management
but also establish a flexible and robust infrastructure to
support the sustainable development of the university.

6. Conclusion

In this study, we have successfully developed
an admission project system for universities and
colleges. Our system has proven to be effective in
achieving the set objectives. Through the testing
phase, the system provided strong support for the
implementation of the 2023 admission project at Can
Tho University of Technology.

62

With the current teaching staff, student
population, and floor area serving education, we
utilized a linear programming algorithm to find
the most efficient distribution of instructors for 22
admission disciplines, complying with the regulations
by MOET. Simultaneously, the system ensures the
fulfillment of the expected admission targets for each
program and field of study at the University.

Compared to manually implementing the
admission project, as done in previous years, our
system has demonstrated clear advantages. It reduces
the pressure and effort placed on staff and officials
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during the project development. This not only
enhances efficiency but also contributes to reducing
the costs associated with the implementation of the
admission project for the University.
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