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The student learning class grouping application is a crucial service
within the academic lecture system to facilitate learning and make it
easier for educators to choose strategies and teaching methods to
optimize academic achievement. In this grouping application, a
genetic algorithm is implemented to optimize the distribution of
learning classes, adopting the concept of biological evolution where
the initial population of learning groups is considered as
"individuals” with information about different grouping criteria.
Through the process of selection, crossover, and mutation, these
individuals undergo evolution from generation to generation, where
those with the highest fitness value (according to the specified criteria)
are passed on to the next generation, while those with lower fitness
values may be eliminated. This evolutionary process continues until
an optimal learning group is obtained, with a combination of suitable
and best criteria to achieve the desired intra-heterogeneous and inter-
homogeneous characteristics in learning.

This is an open access article under the CC BY-SA license.
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1. INTRODUCTION

The application for grouping study classes is one of the important services in the
lecture academic system [1][2][3]. At this time there is no academic system that provides
services for the formation of student study class groups [4][5][6], especially the electronics
department of Padang State University has not yet provided services for forming student
study group groups. At this time, grouping of study classes is only done based on entry and
the study group will not change until the end of the lecture (homogeneous group) as a result,
the lecture objectives have not been achieved [7][8][9].
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Formation of study groups for routine activities in the world of education. Class
grouping is very important to facilitate learning [10][11][12][13][14][15], facilitate teachers in
choosing learning strategies and methods[16][17]and optimizing academic achievement
[18][19]. Grouping is usually done by considering the assumption that students will develop
optimally if they are given an environment with the same academic ability [20][21][22][23].
This is reinforced by another assumption that students with high potential will compete with
each other [24]. This competition is positive to stimulate achievement [25]. Likewise students
with low academic ability will develop according to their potential [26]. Another
consideration is the right of every student to get the best service at school [27]. Grouping is a
way to provide the best service for students.

In developing this learning class grouping application using data mining with genetic
algorithm optimization methods that will be applied to website-based applications. Golberg,
DH, 1989 stated that to arrange study groups, genetic algorithms were used as a solution
seeker [28][29][30]. Some things that need to be considered are the chromosome coding used,
the selection method used, the crossover and mutation methods used, evaluation, and so on
[31]. Determined student profiles are utilized to categorize student learning classes, and these
profiles serve as criterion for creating learning classes [32]. The profile is in the form of entry
point, gender, religion, academic setting, where they are from, language value, Science, Social
Studies, mathematics, GPA, and parents' financial ability [32][33]. By optimizing the genetic
algorithm, the resulting study groups form intra-heterogeneity and inter-homogeneous study
groups [34].

2. METHOD

The data used is from students of the Electronics Engineering Department, studying
in the Electronics Engineering Education program at the Faculty of Engineering, Universitas
Negeri Padang.

This research applies the Waterfall method in application development. The
Waterfall method is a traditional approach that adopts sequential stages in software
development, following a linear (sequential) flow from analysis to delivery. In the context
of this application development, the stages are explained as follows:

= Design Implememalion Testing =

Figure 1. Waterfall proccess
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2.1. Analysis
2.1.1. System Analysis
2.1.1.1. Running System

Current system analysis is an analysis that describes the work system that is being
implemented for Informatics Education Student Learning Class Grouping in the
Department of Electronic Engineering as follows:

Department of Electronics

. A Academic Advisor
Engineering Management

System

L

'

New student data and
old student GPA data

New student data
and old student

GPA data

Student
verification

List of verified student
names

Checking active

college students —| Student data (parent incomg,

school grades from)

list of active student
names

Determination of the number
of student quotas perclass,
and grouping based
on entry

Y

List of student learning
classes

List of student learning
classes

List of practicum classes
for informatics
ngineering student

Figure 2. Running System Flowmap
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2.1.1.2. Proposed System

The proposed system analysis is a research technique on an ongoing system by

describing the components of the system with the aim of designing a new system or
updating an existing system. The following flowmap analysis is proposed in this system:

Department of Electronics

System Engineering Management Academic Advisor
Import Student Data
Student Data ‘L%matalu
P2 P1
System Department of Electronics Academic Advisor

Engineering Management

P2

Student Data |

Genetic

Update Student Data

Check active students in
college

List of active student
names in college

input the total population

algorithm
method

and quota limits for class
students

Grouping result data

Grouping result data

T

Student practicum

class report

\_/-\

Student practicum
class repart

Figure 3. Prpoposed System Flowmap
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2.1.1.3. Requirements Analysis
Functional Requirements Functional requirements analysis describes the process or
any service performed by the system. System expected to provide services:
Table 1. Functional Requirements

No Service Type Information

1. Login Service Used by the user to log into the system for data security.

2 Update Service Used by electronics department management to update data.

3. Logout Service Used by the user to exit the system.

4. Service Used to carry out the Grouping process of grouping students using the genetic

algorithm method.

5. Report Print Used by the user for making reports from the results of grouping new student
Service learning classes.

6. Genetic Analysis Used to display the results of data processing during the Genetic Algorithm
Service process.

Non-functional requirements are any features that must be in the system. This
requirement too needed to know the specification requirements for system. Requirements
specification involves analysis hardware/hardware analysis software/software, user
analysis.

Table 2. Non-Functional Requirements

No Requirement Type Information
1. Login Module This module functions to provide login information carried out by user
2. Data Storage This module functions to manage and store data related to student biodata,
Module values and family data.
3. Module Import This module functions to import files in .xIx or .csv format which contain
File .xIx student data into the system.
4. Export File .pdf This module functions to export file student data files resulting form the
grouping process form the application.
5. Genetic Algorithm This module functions to perform grouping by applying the genetic
Module algorithm method.
6. Display Module This module contains views that can be accessed in the system.

2.2. Design
2.2.1. System Planning
2.2.1.1. Context Diagrams

Student Learning Class
Grouping Applicati
sing Genetic Algorithm,

- Update data personal mahasiswa

- Data of new students

- Data of returning students

- Student's parents’ data

- Data of previous school grades

- Proposed data for class grouping

Department of Electronics - Report of student practicum class | A J'
Engineering Management - Complete data of students in Informatics %
Engineering education
- Class attendance list
- Report of student practicum class
Figure 4. Context Diagrams
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The context diagram in the aforementioned image describes the user's input and
output to the system. Users include teachers, academic counselors, and the administration
of electronics departments. Student data is first retrieved from the academic system service
by Department Management Electronics, then imported by the Management Department.
Students then update information about their initial school grades and their parents' bios
for new students. Finally, class reports for student practicum studies that can be viewed by
department management, PA lecturers, and students are produced using the full student
data. These reports are processed as proposal data and used in the genetic algorithm method
of grouping.

2.2.1.2. Use Case Diagrams

Use case diagram is a diagram that describes the relationship between actors and the
system. The following is the use case diagram design for this system:

Academic Advisor

Figure 5. Context Diagrams

2.2.1.3. Genetic Algorithm Design
The following is an overview of the genetic algorithm using a flowchart:

Input population
Input group

population

Best individual

Figure 6. Genetic Algorithm Flowchart
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Figure 6 providing a visual representation of how the algorithm progresses through
generations, evaluating fitness, performing crossover and mutation, and iteratively
improving the solutions to reach an optimal outcome.

2.2.1.4. Database

The database design used in this study employs a MySQL database consisting of six
tables: the Table of Origin, School of Origin, Income Path, Parental Income, Student
Information, and Grouping Results. Figure 7 illustrates the database schema, providing a
clear visual representation of the relationships and attributes within each table, facilitating
efficient data organization and retrieval for the research study.

asal_sekolah
PK | id_sekolah int(11)
sekolah varchar(255)
kriteria varchar(10)
data_mahasiswa
asal_daerah PK | id_mahasiswa int(11) P
PK ‘id_,daerah int(11) nama_mahasiswa | varchar(255)
daerah varchar(255) Jeniehetormyy e"";'“'zsg
kriteria varchar(10) e varcha(255)
nilai_ipa varchar(8)
nilai_ips varchar(8)
penghasilan_ortu nilai_matematika | varchar(8)
PK | id_penghasilan int(11) nilai_bahasa varchar(8) P ic
—t ‘< FK1 |id_sekolah int(11) -
r““"as"a" """":":f;& < FK2 | id.daerah int(11) PK | id_genetic int(11)
riteria varchal
[ ‘———+<€ FK3 | id_penghasilan int(11) id_indidu varchar(20)
FK4 |id agama int(11) Li< FK | id_mahasiswa Int(11)
agama 4 FKS | id_jalur int(11) , jenis_kelamin enum(L’, ‘P)
nomor_hp varchar(25 3
nilai_ipa varchar(8)
PK | id_agama iny(11) email varchar(150) ;
| nilai_ips varchar(8)
agama varchar(255) e Int(2) nilai_matematika | varchar(8)
kriteria varchar(10) created_date Fmestamg nilai_bahasa varchar(8)
id_sekolah int(11)
id_daerah int(11)
jalur_masuk id_penghasilan int(11)
PK | id_jalur int(11) id_agama int(11)
T id_jalur int(11)
| jalur varchar(255)
kelas varchar(10)
kriteria varchar(10)

Figure 7. Database

3. RESULTS AND DISCUSSION

3.1. Login Screen
When department administration and lecturers attempt to access the student
learning class grouping program, the login screen will be the first page to appear.
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W) Teknik Elektronika

¥ Universitas Negeri Padang

APLIKASI GROUPING MAHASISWA

Sign-In

Akses aplikasi dengan username dan kata sandi
Username

admin

Kata Sandi Lupa Password?

@

Figure 8. Login Page

3.2. Management of the Department of Electronics Engineering

3.2.1. Dashboard Page

After the electronics department management logs into the app, this page will be
displayed. This page contains student statistical data.
@ = Q -

82 pashboard Dashboard

2 Student

Hi Department Management, Welcome to PTI Student Grouping Application

{6 origin of School

8, Regionsl oig Student ° Man o Woman °
3, Regional Origin

114 people 69 people 45 people
<> Entry Points
(® Parental Economics

SNMPTN Line ° SBMPTN Line ° Self Trail o Aim Line °
A~ Religion

32 people 36 people 46 people O people

(& Genetic Algorithm
Temporary Data

T study Classes
Figure 9. Dashboard Page
3.2.2. Student Data Page

The Student Data page displays student data that has been entered by the
Department's Management. On this page, there are 3 buttons, namely the add data button,
import data, and reset student data. Each button has a different function. Add data button
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to display a modal containing the form for adding data, Import data button to display a
modal containing the .csv or .xIxs file upload form.
- i )
@& sy = Q -

Add Data m Reset Student Data

89 Dashboard
Show 10 he
DATA MASTER
No 1. BP BEFORE Name Entry Points Origin of Schoo

A Student

1 2020 19076001 Ahmad Figry SNMPTN SMA
CRITERIA DATA
@ Origin of School 2 2020 19076002 Annisa Vitri SNMPTN SMA
£\ Regional Origin

3 2020 19076003 Azwil Danul Lailil Fitri SNMPTN BUT
<> Entry Points

a4 2020 19076004 Crisna Immanuel Tarigan SNMPTN SMA
(5) Parental Economics
e . 5 2020 19076005 Dio Rizki Andrian SNMPTN SMK
% Religion
GA ANALYSIS 6 2020 19076006 Dio Saputra SNMPTN SMA
(& Genetic Algorithm

7 2020 19076009 Inspiration of Ramadan SNMPTN SMA

Figure 10. Student Data Page

3.2.3. School Origin Data Page

The school a data page is one that shows the school origin criteria data which will
be used as criterion data in the grouping process using the genetic algorithm used by the
department management admin.

eknik Eleitronika
Universitas Negerl Pacang

!

&

=¥

School Origin Data

Show 10 ~
No school Code
1 SMA 1
2 SMK 2
3 BUT 3

1-30f3

Figure 2. School Origin Data Page

3.2.4. Student Data Update Page

If necessary, the student information update page is where the most recent student
data is updated.
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BEFORE 1800

Student Name Abrmasd Figry

Gender Man

Emresid shmadiory 312 0ySgmeil.oom
Mchile Mumber CESIRAO06

Endry Points NMFTH

Lazt GPA 351

|PA walue a2

IP3 value B39

Math Scores BOST

Langusge Walue BOE

Origin of School A

Regional Origin Dutsiche Wiest Sumeftr Provinge
Oriu Income [ 100000 - IDA 2500000
Religion damic

Figure 3. Student Data Updatae Page

3.25. Regional Origin Data Page

This page shows regional origin criteria information which will be used as criterion
data in the grouping process using the genetic algorithm used by the admin manager of the
department.
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{@ Uttt Mo Pt °

Eris

Regional Origin Data

Add Data

Show 10 ~
No 1 Regional Origin Code
1 In the city of padang 1
2 Outside the city of Padang in West Sumatra Province 2
3 Outside West Sumatra Province 3

1-30of 3
Figure 4. Regional Origin Data Page
3.2.6. Form Import Page

The import.xIx form page is the page used to import student files in the .xIx format.

Import Student Data

(D Toimport student data, please use this template and criteria
code guidelines please click here
File Import

Choose file Browse

&, Upload

Figure 5. Form Import Page
3.2.7. Entry Path Data Page

This page shows information on entry criteria that will be used as criterion data in
the grouping process using the genetic algorithm used by the department management
admin. For more detailed information, show Figure 15.
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KE]

I
5
o

Inbound Path Data

Add Data

Code
1 SNMPTN 1
2 SBMPTN 2
3 SELF-SUFFICIENT 3

4 BIDIKMISI 4

Figure 6. Entry Path Data Page

3.2.8. Parents Economic Data Page

This page provides information related to parents' economic data which will be used
as criterion data in the grouping process using the genetic algorithm used by the admin
managing the department. For more detailed information, show Figure 16.
® o

Data Ekonomi Orangtua

Figure 7. Parents Economic Data Page

3.2.9. Religion Data Page

This page shows religious criteria informasi that will be used as criterion data in the
grouping process using the genetic algorithm used by the department management admin.
For more detailed information, show Figure 17.
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= @E [t e
Religion Data

1 lIslamic 1
2 Kristen Protest 2

3 Catholic Christianity 3

Figure 8. Religion Data Page
3.2.10. Genetic Analysis Page

This page displays a form for determining the number of population and number of
classes which are useful as a reference in the genetic algorithm process. For more detailed
information, show Figure 18.

[ E——— °—

Dashbosd Analisa Algoritma Genetika

Form Analisa

Figure 9. Genetic Analysis Page
3.2.11. Genetic Algorithm Analysis Process Page

The genetic algorithm analysis process page is a page that shows the outcomes of
the the genetic algorithm analysis.
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Kromosom 8 :

Fitness : 700

: [3] [6] [22] [27] [34] [38] [51] [54] [59] [7e] [74] [39] [1e8] [112]

Individu =>

[13] [28] [41] [43] [5@] [64] [66] [75] [98] [93] [99] [188] [182] [106]

[4] [14] [18] [25] [33] [42] [46] [49] [57] [65] [73] [&7] [96] [187]

[51 [19] [20] [38] [31] [24] [52] [53] [56] [71] [72] [79] [97] [119]
[11 [2] [7] [12] [24] [26] [25] [22] [e1] [e2] [=2] [s8] [91] [104]

[16] [32] [36] [47] [se] [e2] [62] [68] [69] [76] [7s] [e6] [92] [1e5]
[21 [2] [11] [21] [29] [37] [48] [45] [67] [77] [se] [94] [95] [113]
[18] [15]) [17] [223] [4€] [55] [Se] [61] [=4] [=5] [9s] [1€1] [183] [114]

Figure 10. Genetic Algorithm Analysis Process Page

Based on Figure 19, the genetic algorithm displays the best solution data and the

process log data. The best solut

ion data contains information about the best individual

obtained from the genetic algorithm process, with a fitness value of 700 and located in

individual 11. Each individual ¢

orresponds to a solution and chromosome, for example,

chromosome 1, 2, 3, and so on correspond to learning groups 1, 2, 3, and so on. This results
in the creation of eight chromosomes, each consisting of 15-16 genes, and consequently,
there are eight class grouping clusters, each containing 15 to 16 students. The best solution
data has achieved a good level of inter-homogeneity within these class groups. The process
log data includes the entire genetic algorithm stages, starting from the initial population,
then crossover, mutation, and finally selection. Below are the graphs and tables showing the

results of student class grouping.
14
12

=
o

[ R N R L =AT + -]

L

I|‘|.|HI.I““|.““||I|‘|“||| |‘ |‘|I|.
F1 F2 F3 F4 F5 F6 F7 F8

mP SNMPTN mSBMPTN

m MANDIRI m SMK mSMA m MA

Figure 11. Graph Result Grouping Genetic's Algorithm
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Table 3. Grouping Distribution K-means Clustering

[
g . G
3 s £ ¢ E
=4 2 ]

§ g i é a 4 g 2 3

5] g - = 7] E
Fl1 15 12 3 3 4 3 3 10 2
F2 15 9 6 5 7 3 3 8 1
Fi 14 8 ] 4 ] ] 3 9 2
F4 14 8 ] 3 & 3 4 8 2
Fi 14 11 3 5 4 5 3 6 ]
F§ 14 7 7 1 2 11 3 9 2
F 14 5 9 4 4 7 ]
5 7 4 2
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Based on the aforementioned Table 3, the application for creating study groups for
Informatics Education Study Program students in the Department of Electronic
Engineering, FT - UNP, has successfully achieved the desired grouping objectives. The
genetic algorithm utilized by the application has effectively balanced heterogeneity within
each study group, ensuring that members possess diverse characteristics and backgrounds.
At the same time, it has promoted homogeneity between study groups, creating a cohesive
and harmonious learning environment for each group. This approach in organizing student
study groups not only enhances academic collaboration and interaction but also fosters an
inclusive atmosphere that accommodates individual differences and maximizes learning
potential. Overall, the application's implementation of the genetic algorithm has proven to
be instrumental in optimizing the class grouping process and facilitating a more productive
and engaging learning experience for all Informatics Education students at the Department
of Electronic Engineering, FT - UNP.

3.2.12. Student Study Class Report Page
This page is a page to display reports on the results of the student grouping process.
On this page, the user can print the results of student grouping reports.

Grouping Results Data

Al > Print Print
= m

Show 10 ~

No Group Before Name No HP/WA Email

A worstoe MRS ooseraaoes  rafigmhdiza@gmeilcom
Rangkuti

Fi woreor2  SUY°

i B suryas
Sahputra 083182718860 suryasahputraO7@gmail com

Annis ; )
A 19076086 s""‘(a, 082268478395  annisasaputri23i@gmail.com
aputri

Figure 12. Academic Advisor Student Study Class Report Page

P.ISSN: 2086 — 4981 123
E.ISSN: 2620 - 6390
tip.ppj.unp.ac.id



https://doi.org/10.24036/jtip.v16i1
http://tip.ppj.unp.ac.id/index.php/tip

Jurnal Teknologi Informasi dan Pendidikan
Volume 16, No. 1, March 2023
https://doi.org/10.24036/jtip.v16i1.694

3.3. Academic Advisor
3.3.1. Student learning class report page

This page is a page to display reports on the results of the student grouping process.
On this page, the user can print the results of student grouping reports. For more detailed
information, show Figure 22.
() = 0 ~--

Laporan Group Belajar Mahasiswa

Figure 13. Academic Advisor

4. CONCLUSION

The results of class grouping using the genetic algorithm show that this application
successfully creates diverse and homogeneous study groups. In the genetic algorithm
process, students are represented as genes, initially initialized with relevant variable values.
Subsequently, chromosomes are used to encode class or group codes, and the population
represents the number of student classes. Through a series of experiments, we managed to
form eight student study groups, each comprising around 15 students, while considering
balanced grouping criteria. The evolution process of the genetic algorithm enables this
application to achieve the best solutions by optimizing various criteria. Efficient grouping
based on the diverse characteristics of students is expected to enhance the learning
experience and support better academic achievement for students. The positive results
obtained from using this genetic algorithm highlight the potential of this application as a
means to organize optimal study groups that cater to the needs and potentials of individual
students.
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