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PREFACE 

PROCEEDING OF INTERNATIONAL CONFERENCE OF EDUCATION, 

SCIENCES, TECHNOLOGY, ENGINEERING, & MATHEMATICS 

THE DEAN OF THE FACULTY OF SCIENCE AND TECHNOLOGY,  

 WALISONGO STATE ISLAMIC UNIVERSITY, SEMARANG 

Dr. H. ISMAIL, M.Ag. 

 

Assalamu’alaykum Warohmatullahi Wabarokatuh, 

Welcome to the 1st EDU-STEM (Education, Science, Technology, Engineering, & 

Mathematics) International Conference 2022. First of all, let us thank Almighty God, Allah 

Subhanahu Wa Ta’ala, for the continuous Blessings that have been granted to us until now. 

Without God’s grace and permission, EDU-STEM 2022 will never be conducted successfully. 

This conference is aimed to respond to the spirit of embracing and welcoming the technology 

advancement, especially the emergence of Green Technology, and mainly focused on Science 

and Technology, as well as the Education field. Further benefits to be obtained from this 

pioneer International Conference on our Campus are to gather the great researchers, academics, 

and scholars together to exchange knowledge and the world’s updates in the form of 

international seminars and panel discussions.  

From year to year, the world of science and technology has advanced rapidly. Various 

inventions are created to provide novelties that benefit humanity. Science's creation of a variety 

of sophisticated tools is unquestionably advantageous, as all the facilities provided are believed 

to enable society to construct a more remarkable civilization. However, all of the proposed 

advantages may not be acquired if the people are not ready to embrace the newest 

breakthroughs due to challenges in education, science, technology, economics, and social 

aspects.  

With the current emergence of technology sophistication, including the shifting in the 

Green Technology field, the Faculty of Science and Technology of Universitas Islam Negeri 

Walisongo Semarang, as one of the Science, Technology, and Education providers in 

Indonesia, believes that it is necessary to exchange information among academics about several 

studies that most recently related the technology advancement. We believe that the knowledge 

transferred in this conference will enhance the readiness of the scholars and other stakeholders 

to embrace the dynamic alteration of the future. 
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Finally, we would like to express our gratitude to the Keynote Speakers and all of the 

Presenters and Committees who have contributed to the success of this important event and all 

of the partner campuses for the full support. Jazakumullah ahsanal jaza’.  

 

Wassalamualaikum Warahmatullah Wabarakatuh   

 

 

 

Semarang, June 28th, 2022 

The Dean of Faculty of Science and Technology 

UIN Walisongo Semarang 

 

Dr. H. Ismail, M.Ag. 

 

ISSN 2985-5721



 

v 
 

 

LIST OF CONTENT 

 

Preface iii 

List of Content v 

Problems of Online Learning and the Use of Smartphones in Physics Learning at 

Cirebon, West Java 

Rida Sholihah, Parlindungan Sinaga, Wawan Setiawan 

 

(1-5) 

Development of Scientific Literacy-Based Test Instruments Characterized by 

Local Wisdom Using the Quizizz Application for Optical Materials 

Ida Puji Astuti, Joko Budi Poernomo, Qisthi Fariyani 

 

(6-9) 

Effectiveness of Augmented Reality in Physics Laboratory Experiments: a 

Literature Review 

Darta Harpian, Irma Rahma Suwarma, Achmad Samsudin 

 

(10-14) 

 

The effectiveness of The Treffinger Learning Model on Student’s Metacognitive 

Ability on Work and Energy Materials of Grade X SMA I Simanjaya 

Siti Nur Rofikoh, Susilawati, Edi Daenuri Anwar 

 

(15-18) 

 

The Urgency of Science – Religious Learning: Literature Review 

Edi Daenuri Anwar, Wiyanto, Ani Rusilowati, Endang Susilaningsih 

 

(19-24) 

 

Classification of Normal, Benign, and Malignant Breast on Mammographic 

Images Based on Texture Characteristics Using Multi-Layer Perceptron (MLP) 

Method 

Alvania Nabila Tasyakuranti, Fahira Septiani, Heni Sumarti 

 

(25-31) 

Development of Telemedicine System to Measure Blood Sugar, Cholesterol, and 

Uric Acid Levels with Non Invasive Method as A Prevention 

Fahira Septiani, Alvania Nabila Tasyakuranti, Heni Sumarti   

 

(32-36) 

Neutrino Mass Generation in a Minimal Extension of The Standars Model Using 

The Type-I Seesaw Mechanism 

Siti Romzatul Haniah, Istikomah, Muhammad Ardhi Khalif, Hamdan Hadi 

Kusuma                                                              

                                      

(37-39)   

IoT-Based Water Cooling Practice Design 

Agus Sudarmanto, Fachrizal Rian Pratama, Khoerul Mutaqin   

 

(40-45) 

 

 

 

 

 

ISSN 2985-5721



 

vi 
 

Singularity Study on Weyl-Lewis-Papapetrou (WLP) Metrics with Schwarzschild 

Metric Background 

Try Adi Sucipto, M. Ardhi  Khalif , Irman Said Prastyo, Istikomah 

 

(46-48) 

Development Electronic Module Oriented Multiple Chemical Representation in 

Chemical Bond Lesson 

Bayu Pranata, Atik Rahmawati, Resi Pratiwi  

 

(49-53) 

 

The Effect of Using Augmented Reality-Based Learning Media on Students’s 

Concept Understanding on Molecular Shape 

Febrian Solikhin, Dewi Handayani, Salastri Rohiat 

 

(54-57) 

 

Learning Style Relationship and Study Results on Quizizz-Assisted Stoichiometry 

Material 

Sania Rahmatika, Apriliana Drastisianti, Sri Mulyanti 

 

(58-61) 

Electronic Module Colligative Properties of Solutions Integrated Green Chemistry 

for Real Life: Literature Review 

Melisa Nur Kibtiah, Sri Mulyanti                

  

(62-67) 

Response to Redox Learning Videos (Tips and Tricks for Easy Problem Solving) 

Adistya Maranatha Ummah, Sri Mulyanti  

 

(68-72) 

 

The Effectiveness of the STAD Type Cooperative Learning Model Assisted by 

Bridge Cards to Improve Student Learning Outcomes 

Thoha Mukhtar, Resi Pratiwi, Teguh Wibowo 

 

(73-77) 

Development of Video Media for Learning Electrolyte & Non-Electrolyte 

Solutions Based on Green Chemistry 

Ismi Yaomil Auliya, Teguh Wibowo, Lenni Khotimah Harahap 

           

Constraints In The Mirror Model Modified During The Big Bang 

Nucleosynthesis Era 

Istikomah, Nurul Embun Isnawati, Heni Sumarti, Irman Said Prastyo 

 

(78-84) 

 

 

 

(85-89) 

Free Radical Review: Cadmium as Inorganic Pollution, Volatile Organic 

Compounds, and Cosmetic Preservatives as Causing Agent of Increased ROS 

Aden Dhana Rizkita, Sintia Ayu Dewi, Nurlita Julianti, Anna Uswatun 

Hasanah Rochjana 

 

(93-98) 

Preliminary Treatment Comparative Evaluation Against Physicochemical 

Properties Edamame Flour (Glicine max (L) Merrill) 

Subandi, Chandra Utami Wirawati, Dwi Eva Nirmagustina   

  

(99-102) 

ISSN 2985-5721



 

vii 
 

Toxicity Extract of Matoa Leaves (Pometia Pinnata) on Artemia Salina Larvae 

Kustomo, Yunita Rohmawati   

 

(103-107) 

Growth, Results, and Chemical Content Sweet Potato (ipomoea batatas. L) 

Orange Local Lampung in the Culture System in the Sack 

Ledi Noviana, Ratna Dewi, Anung Wahyudi  

 

(108-113) 

The Making of Coffee Scrub “ˈKôfē Scrub” 

Aryzka Maharani Putri, Abdur Rozaq Afifi, Clarisa Dwi Arvianti, Evi 

Ermawati, Wahyu Wisnu Jati, Ana Mardliyah  

 

(114-116) 

Mosquito Repellent with Citronella Oil Extract 

Farhan Surya Maulidan, Nur Nisa Aeni Qolbi, Widiyanti Putri Ramadhani, 

Fiki Shohihatul Hidayah, Indah Rifdah Huwaidah, Kholidah 

 

(117-120) 

Body Peeling with Cocoa Extract 

Shobakhatun Nur Fadilla, Frida Nur Savitri, Mega Dewi Susilaningtyas, 

Nurul Hidayah, Nana Misrochah    

 

(121-124) 

 

Organic Soap from Natural Ingredients 

Zulfikar Saifullah Al Athari, Kartika Cahyani, Ika Suryani, Raudhina 

Ghaisani Arifin, Dyah Fitasari  

 

(125-130) 

Making Organic Masks Using Natural Ingredients  

Hudallil Chusnah, Maulida Nuzula Rahma, Tarisma Cahyanintyas, Mutista 

Hafshah  

 

(131-136) 

Synthesis and Characterization of TiO2/CSH (Coconut Shell Hydrochar) Using 

Impregnation Method 

Siti Lulus Aridatul Falah, Kholidah, Mulyatun                   

                                      

(137-142) 

Effect of Activated Coconut Shell Charcoal on The Quality of River Water in the 

Genuk Region Organoleptically 

Putri Andini, Khofifah Dwi, Rina Alivia, Sri Mulyanti 

 

(143-145) 

 

Mechanical Behaviour of Fly-Ash Based Geopolymers Reinforced by Cellulose 

and Polypropylene 

N. Adiyanto, W. Udaibah, Z. Azizati                 

                                                 

(146-152) 

 

Utilization of Matrix and Finite Element Methods in Computation of Irregular 

Polygon Area 

Arya Indrajana, Dewi Sinta, Gelar Salman      

                                                         

(153-163) 

ISSN 2985-5721



 

viii 
 

Development of Scrapbook Media to Improve Understanding of Mathematical 

Concepts Materials of Building Flat Side Rooms Class VIII SMP Hasanuddin 2  

Semarang 

Mimin Yulianti, Mujiasih, Aini Fitriyah 

 

(164-169) 

 

GofisPTN Mobile Application Design with Self Regulated Learning Approach 

Laela Indiany, Andi Fadllan, Sheilla Rully Anggita  

                                                                            

(170-176) 

 

Mathematical Connections of SMA Negeri I Jember Students in Solving SPLTV 

Problems Based on Warli Cognitive Style 

Mutina, Fikri Apriyono 

 

(178-185) 

 

Designing an E-Module to Build a Canva Based Prism and Pyramid Space with 

Malay Islamic Context 

Nanda Nabila Al Jannah, Muhammad Win Afgani, Retni Paradesa      

                  

(186-190) 

Designing an E-Module to Build a Canva Based Conical and Spherical Curved 

Space with a Malay Islamic Context 

Nurrama Pratama, Muhammad Win Afgani, Retni Paradesa 

 

(191-195) 

Designing an E-Module to Build a Canva Based Cube and Beam Space with a 

Malay Islamic Context  

R. Evenda Ceria, Muhammad Win Afgani,  Retni Paradesa        

                             

(196-200) 

 

What Students Need on Online Class? A Brief Study on Abstract Algebra Course 

at UIN Walisongo 

Prihadi Kurniawan, Agus Wayan Yulianto 

 

(201-207) 

The Effectiveness of The Missouri Mathematics Project Assisted by Student 

Worksheets (LKPD) on Learning Motivation and Problem Solving Ability in The 

Three Variable Linear Equation System Material 

Rohmatin Zukhriya, Lulu Choirun Nisa   

 

  (209-213) 

Designing an E-Modul to Build a Canva Based Sphere and Cylinder Space with a 

Malay Islamic Context 

Septi Utari, Muhammad Win Afgani, Retni Paradesa        

                                       

(214-219) 

 

Project Based-Learning Based on I-STEM (Islamic, Science, Technology, and 

Mathematics) to Facilitate the Development of Geometric Critical Thinking Skills 

of First Middle Students 

Ulfa Masamah, Anisah Salsabila                    

                                            

      

(220-225) 

ISSN 2985-5721



 

ix 
 

Leonhard Euler, 1707-1783: Application of the Use of Euler’s Constant in the 

Concept of Differential Equations 

Aninda Martiasari, Nabila Fitriyani, Zulfa Nabila, Ahmad Faridh Ricky 

Fahmy  

 

(226-230) 

Forecasting the Value of Non Oil and Gas Exports from Agricultural Sector in 

Central Java using Double Exponential Smoothing Method 

Ira Putri Nur Indah Sari, Emy Siswanah, Yolanda Norasia 

 

(231-234) 

 

The Effectiveness of Flash Card Learning Media on Environmental Pollution 

Materials for Seventh Grade Students of Junior High School 

Tarisyah Taskiya Khalbu, Khalida Ulfa    

  

  (235-240) 

Meta-Analysis of the Influence of Somatic, Auditory, Visual, and Intellectual 

Learning Models on The Learning Outcomes of High School Science Students 

Tasya Putri Hendrika, Listyono, Ndzani Latifatur Rofiah                  

                      

(241-248) 

The Importance of Introducing Environmental Health through Ecoliteracy in 

Early Childhood 

Chilma Chairani, Ahmad Fauzan Hidayatullah, Zakiyah Isnawati      

                 

(249-255) 

 

Physical Quality of Texture and Damage Rate of Edamame at Various Ages of 

Harvest  

Pebria Sisca, Nurbani Kalsum, Dulbari   

 

  (256-259) 

 

Analysis of the Taste Quality of Liberica Coffee Ethnobotanical Products Based 

on Indigenous Peoples Local Wisdom Morotai Island, North Maluku  

M. Nasir Tamalene, Bahtiar, Slamet Hariyadi           

                                               

(260-264) 

 

In The Book Bidayatul Hidayah, Al-Ghazali Discusses Moral Education and Its 

Implementation in Salafi Islamic Boarding Schools 

Edo Kurniawan, Rosendah Dwi Maulya, Nurjanah Pujirahayu 

 

(265-271) 

 

Challenges in Quality of Education in Higher Education Institution (HEIs) of 

Pakistan 

Zohaib Hassan Sain  

 

   (272-275) 

Science Fiction as An Alternative of Supporting Media in Natural Science 

Learning 

Amalia Fajriyyatin Najichah, Rina Susi Cahyawati, Reti Wahyuni             

            

(276-279) 

The Effect of Principal Entrepreneurship Competence on the Motivation and 

Performance of Vocational High School Teachers in Soppeng Regency 

Burhanuddin, Husain Syam, Abdul Saman   

(280-297) 

ISSN 2985-5721



 

x 
 

 

Investigation of the Efficiency of Two Clays from Burkina Faso for the Removal 

of Cyanide in Synthetic Aqueous Solutions 

Raymond Kabore, Yacouba Sanou, Rasmane Tiendrébéogo, Samuel Paré 
            

(298-305) 

Removal of Arsenic (III and V) from Aqueous Solution onto Ferrihydrite 

Rasmane Tiendrébéogo, Yacouba Sanou, Aboubacar Senou, Samuel Paré 

  

(306-313) 

 

 

ISSN 2985-5721



 

 

 

1 

 

Problems of Online Learning and the Use of Smartphones in Physics 

Learning at Cirebon, West Java 

Rida Sholihah 1,* Parlindungan Sinaga 2 Wawan Setiawan 3 

 123Physics Education Study Program, Graduate School, Universitas Pendidikan Indonesia, Jl.Dr. Setiabudi No. 299, 

Bandung 40154, Indonesia  
* Email: rida febry@upi.edu 

ABSTRACT 

This study examines the perceptions of teachers and students regarding the problem of online learning and the use of 

smartphones in physics learning in high school in Cirebon , West Java. The population in this study were high school 

students and physics teachers at a public high school in Cirebon , West Java. The sample of this study consisted of 60 

students and 2 teachers who were selected from one of the public high schools . The instrument used in collecting data 

for this study was an online questionnaire consisting of 2 4 items used to obtain information about online learning 

difficulties and the use of smartphones in learning at school. The collected data were analyzed using frequency and 

percentage calculations. The results showed that online learning can facilitate and simplify the learning process. In 

addition, the use of smartphones in learning can greatly assist students in understanding physics and make it easier for 

students to obtain extensive information quickly . However, there are several problems that occur during online 

learning including: (1) limited question and answer activities; (2) multiple tasks; (3) limited internet access; (4) and 

less stable internet network. On average, students use smartphones for social media, chat, youtube, games and learning 

applications. 

Keywords: online learning; smartphone; physics learning

1. INTRODUCTION 

During the Covid-19 Pandemic, there were 

significant changes in the field of education, including 

the process of implementing physics learning. Face-

to-face physics learning in schools and practicums 

cannot be carried out due to government regulations 

for self-isolation and physical distancing. So that the 

physics learning process is replaced through online 

learning with the help of Information and 

Communication Technology (ICT) in the form of 

smartphones. Recently, there has been a lot of 

research on smartphones used in education, such as 

research related to smartphone-based learning media 

(android), including: mobile learning [1], e-books [2], 

laboratory applications [3] media quiz [4]. , games [5], 

comics [6]. e-moule [7]. 

Government regulations for self-isolation and 

physical distancing affect the field of education, the 

government suddenly moves or stops the direct 

learning process in schools/madrasahs into online 

learning at home. This is in line with the Circular of 

the Minister of Education and Culture Number 4 of 

2020 [8] which also states that, (1) distance 

learning/via the web provides a meaningful learning 

experience to students, without being required to 

complete all curriculum achievements for grade 

promotion and graduation; (2) Learning from Home is 

focused on practicing basic skills including those 

related to the covid-19 pandemic; (3) Home learning 

activities and assignments may vary between students, 

according to the interests and circumstances of each 

student, including considering differences in 

access/learning facilities at home; (4) evidence or 

product results of Learning from Home activities as 

reflections that are qualitative and useful for teachers 

without the need to give quantitative scores/values. 

This certainly changes the way teachers teach. 

Therefore, teachers must adapt and are required to be 

more creative in teaching material to students by using 

various online learning-based learning models such as 

e-learning [9, 10, 11, 12] or m-learning [13, 14, 15]. . 

In addition to teachers, students must also be ready 

with existing technology-assisted online learning such 

as smartphones. Based on several surveys conducted 

on smartphone-assisted online learning during the 

Covid-19 pandemic, more than 80% of respondents 

stated that smartphones used in online learning can 
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facilitate and simplify the learning process. However, 

students experience various problems, both technical 

problems and learning problems. Learning using 

technology actually has obstacles including low 

mastery of technology, limitations on ICT facilities 

and infrastructure, costs and internet networks [16]. 

Based on the problems described above, the 

researcher intends to discuss the online learning 

process and the use of smartphones in learning 

activities during the pandemic. The results of this 

survey are expected to provide input for teachers to 

improve the education system as a whole. 

2. METHOD 

2.1. Research question 

The research questions were asked to guide the 

research: 1) How did the respondents respond to 

online learning?; 2) how do respondents respond to 

the use of smartphones in online physics learning? 

2.2. Participant 

The population used in this study were teachers 

and students in one of the high schools in Cirebon 

City. The sample in this study consisted of 2 teachers 

and 60 students (mean age 17 years). Due to the 

researchers' interest in online learning and the use of 

smartphones used in learning, especially physics, only 

physics teachers and students majoring in 

Mathematics and Natural Sciences were selected in 

this study 

2.3. Research Model 

This type of research uses descriptive survey 

research [18] because it aims to describe how teachers 

and students respond during online learning that took 

place during the covid-19 pandemic. The research 

subjects used in this study were 62 respondents 

consisting of physics teachers and students. Responses 

about online physics learning were filtered using an 

online questionnaire (google form). 

Questionnaires were distributed to respondents 

after participating in online learning during the 

pandemic. This online questionnaire consists of 24 

questions with the choice of answers that vary 

according to the context of the question. The data 

obtained using descriptive statistics, ie each answer to 

the question item becomes a percentage of the number 

of answers. 

 

2.4. Instrument 

The instrument used in this study is a 

questionnaire entitled "Online Learning Questionnaire 

and Smartphone Use in Learning Physics". This 

instrument is divided into two parts, namely parts A 

and B. Part A contains information in the form of 

respondent data such as (name, school origin, class). , 

and gender), while part B contains 24 questions that 

are arranged to obtain information about the problems 

of online learning and the use of smartphones in 

learning physics. 

2.5. Data Analysis 

Data analysis in this study used descriptive 

statistics which included the number of frequencies, 

percentages, and averages. It is structured on a Likert 

scale which has 4 types of points, namely: Strongly 

Agree (4), Agree (3), Disagree (2), and Strongly 

Disagree (1). The percentage of response results 

converted into qualitative data using criteria such as 

[17], can be seen in Table 1. 

3. RESULTS AND DISCUSSION 

The data collected in this study were analyzed by 

descriptive statistics such as the number of 

frequencies, in this section describes the results of the 

analysis of the data that has been collected. 

3.1 Research Question 1: how do 

respondents respond to online learning? 

Table 2 shows that 52% to 95% of respondents 

agree and 20% to 38% of respondents disagree with 

the above statement. Students are used to online 

Table 1. Criteria for student response to online learning 

Percentage (%) Category 
75 <x< 100 Strongly Agree 

50 <x< 74,99 Agree 
25 <x< 49,99 Disagree 
0 <x< 24,99 Strongly Disagree 
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learning, but learning physics with online learning 

makes students less understanding of the material so 

that students feel less effective and the learning 

process feels less interesting and fun. 

3.2 Research Question 2: What is the response 

to the use of smartphones in learning 

physics? 

Table 3 shows that 76% to 100% of respondents 

strongly agree with the above statement, 57% to 62% 

of respondents agree and 38% to 43% of respondents 

disagree. The largest percentage is 100% strongly 

agree about the use of smartphones in online physics 

learning. 

The research results obtained are described in 

accordance with the research questions. The responses 

of teachers and students in the online learning phase 

stated that most of the respondents did not agree with 

the questions above. Most respondents stated that they 

did not like online learning, where online learning 

according to respondents was less effective, and did 

not understand the material presented by the teacher 

[18]. However, the learning process using online 

methods can be well facilitated. In addition, online 

learning also has problems, including: an unstable 

network, limited quotas, and excessive assignments so 

that online learning does not foster student interest in 

learning. This is in line with previous research which 

states that students in buying internet data have 

limitations and the internet network is slow and less 

stable [19]. 

Based on the results of the online system 

application survey that is often used when learning 

physics, it can be seen in Figure 1. 

Table 2. Respondents’ responses to online learning 

Description Percentage Catagory 

I’m used to learning online  95 Strongly Agree 

I love online learning  38 Disagree 

I understand physics material through online learning 30 Disagree 

Learning Physics through online learning is fun 20 Strongly Disagree 

I can operate the application while learning online 85 Strongly Agree 

I actively ask questions during online learning 30 Disagree 

Online physics learning is effective 32 Disagree 

Physics material through online has been delivered well 85 Strongly Agree 

Online learning facilitates the learning process 52 Agree 

 

Table 3. Respondents’ responses to the use of smartphone in learning hysics 

Description Percentage Catagory 

I use a smartphone in online physics learning 100 Strongly agree 

Smartphones make it easier for me to understand physics  86 Strongly agree 

Smartphones provide a more real picture of the material presented 57 Agree 

Smartphones help students to be more active in studying physics 43 Disagree 

Smartphones foster interest in learning because learning is more interesting 38 Disagree 

Smartphones make it easier for me to gain knowledge quickly 88 Strongly agree 

Smartphones add insight into physics 76 Strongly agree 

Smartphone facilitates me to study physics online 90 Strongly agree 

Smartphone interferes with my concentration in studying physics 62 Agree 
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Figure 1 Online learning applications that are often 

used. 

Figure 1 illustrates applications that are often used 

by teachers and students in the learning process during 

the pandemic. Most of the teachers use google 

classroom and whatsapp in learning physics. The 

difficulty of learning physics through online learning 

is due to the difficulty of students in asking directly so 

that it is difficult for students to understand physics. 

The use of smartphones among students has 

become a natural thing. Students are already familiar 

with applications on smartphones. On average, 

students use smartphones for social media, YouTube, 

chatting and games as well as learning applications. 

This is in line with the survey results which can be 

seen in Figure 2 below 

Figure 2 Applications that are often used by students 

Figure 2 shows that the largest percentage is 91% 

of students using smartphones for WhatsApp (media 

chat) and 62% for Instagram (social media). 

Responding to the benefits and role of 

smartphones in physics online learning, the majority 

of respondents stated that they use smartphones to 

participate in learning at home. Based on a survey 

conducted by researchers, smartphones are considered 

very helpful for students in understanding physics and 

make it easier for students to obtain extensive 

information quickly. However, the use of smartphones 

in learning still has drawbacks, namely students agree 

that smartphones interfere with concentration when 

studying physics, limited quotas and network/signal 

causes the online physics learning process to be 

disrupted. 

4. CONCLUSION 

Based on the findings of this study, it can be 

concluded that the respondent's response to online 

learning is that online learning can facilitate and 

simplify the learning process. In addition, the use of 

smartphones in learning can greatly assist students in 

understanding physics and make it easier for students 

to obtain extensive information quickly. However, 

there are several problems that occur during online 

learning including: (1) limited question and answer 

activities; (2) multiple tasks; (3) limited internet 

access; (4) and less stable internet network. On 

average, students use smartphones for social media, 

chat, you tube, games and learning applications. 

Based on this research, it is suggested that: (1) in 

online learning teachers are required to be more 

creative in utilizing ICT-based media and smartphones 

so as to minimize giving a lot of assignments to 

students; (2) in order to facilitate the practice of 

physics online, teachers can create digital teaching 

materials with various representations and assisted by 

virtual simulations such as Phet. 
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ABSTRACT 

This study aims to develop a multiple-choice test instrument based on scientific literacy characterized by local 

wisdom using the Quizizz application on optical instrument material. The research subjects were 36 students of class 

XI MIPA 7 SMA N 1 Kendal. The test instrument development procedure uses the ADDIE development model which 

includes stages 1) Needs analysis, 2) Design or instrument design stage, 3) Development stage, namely instrument 

preparation and instrument validation, 4) Implementation or instrument testing stage, 5) Evaluation stage to get the 

product. end. The results of the reliability analysis of 0.725. Validation from media experts and material experts shows 

that the instrument developed is valid with an average rating of 90.47%. The final product consists of 14 questions out 

of a total of 18 questions. The results of student responses are in the 'good' category with an average percentage of 

76%. 

Keywords: Test Instruments; Science Literacy; Local Wisdom. 

1. INTRODUCTION 

Education is a very important thing in the progress 

of the nation and also forms competent human beings 

who can compete with the times [1]. PISA (Program for 

International Student Assessment) is an examination 

system carried out to determine the readiness of a 

country to face the times in reading, mathematics and 

science competencies. 

Research conducted by PISA found that Indonesia 

was ranked 66th out of a total of 67 countries in terms 

of scientific literacy in 2012 [2]. The results of research 

from TIMSS (Trend in International Mathematics and 

Science Study) in 2011 stated that Indonesia was ranked 

40th out of 42 countries [3]. Based on the research 

above, it is known that the scientific literacy skills of 

Indonesian students are still below other countries and 

efforts are needed to overcome them. 

Scientific literacy is an activity to solve a problem of 

daily life using science. Scientific literacy abilities 

include all aspects of science both in understanding, 

skills, and also the attitude of integrating science with 

existing technological developments [4]. PISA explains 

scientific literacy is a person's ability to do, identify 

problems, draw and also make decisions in solving 

problems using science. Scientific literacy is an 

important aspect and also the focus of education related 

to the development of science and technology [5].  

The results of interviews with physics teachers at 

state high school 1 Kendal revealed that the application 

of scientific literacy is still an obstacle. The existing 

physics test instruments mostly only contain readings 

and also pictures which then require students to 

conclude so that student interest in the existing 

instruments is low. The difficulty of applying scientific 

literacy in learning and evaluation activities is 

reinforced by the perception of difficult physics lessons 

[6]. 

Perceptions about physics lessons that are 

considered difficult can be minimized by integrating test 

instruments made with local wisdom that is around [7]. 

Good physics learning should contain the steps of the 

scientific process which are then used to be able to find 

physical products in the form of concepts, theories, laws 

and facts [8]. In addition, by integrating local wisdom in 

physics learning, it is able to form a young generation 
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who does not forget the existing regional culture [8]. 

The COVID-19 pandemic has forced learning to be 

done remotely. Therefore, an application that can be 

used is needed to make it easier for students to work on 

questions and increase interest. Quizizz is an evaluation 

media or quiz that can make it easier for students to 

work on problems, especially in distance learning. The 

Quizizz application is also known to be able to increase 

the spirit of learning and attract students' interest in 

working on evaluation question [9]. 

Based on the problems above, it can be seen that 

scientific literacy-based test instruments are needed that 

are linked to local wisdom to facilitate student 

understanding and are applied using applications that 

make work easier. It is necessary to conduct a research 

entitled the development of a scientific literacy-based 

test instrument characterized by local wisdom using the 

Quizizz application for SMA/MA Class XI optical 

instrument materials. 

2. METHOD 

Styles The research method used is R&D with a 

development model carried out using ADDIE research 

steps. The steps used in this research are Analysis, 

Design, Development, Implementation and Evaluation. 

This research was conducted at state high school 1 

Kendal with the subject used is class XI MIPA 7 with a 

sample of 36 students. 

The instruments used in this study were interviews, 

test instruments and also student response 

questionnaires [10]. The data analysis technique used is 

the analysis of validity, reliability, discriminatory 

power, level of difficulty and also student responses. 

Validity analysis was carried out by material experts 

and media experts on the developed test instrument. 

Student responses are carried out to support the 

developed instrument product. 

3. RESULT AND DISCUSSION 

The research was conducted using the ADDIE 

model with five stages. The first stage is the analysis 

carried out by interviewing the physics teacher at State 

high school 1 Kendal to find out and analyze the needs 

related to learning and also the physics evaluation tool 

used. The second stage is the design of the grid, the 

question instrument, and the answer key. The test 

instrument developed is the development of the 

scientific literacy aspect which is then linked to local 

wisdom and tested using the Quizizz application [11]. 

The aspect of scientific literacy is a person's ability to 

capture scientific concepts in everyday life [12]. The 

test instrument is prepared by linking existing local 

wisdom so as to help students understand and also use 

science concepts in solving daily problems [13]. In 

addition, linking local wisdom with test instruments 

aims so that students not only understand the concepts 

of physics in lessons, but are also able to apply them in 

life [14]. 

The third stage is development. The researcher 

tested the validity of the instruments used and as a basis 

if there was a need for revision. Each item is tested for 

validity to determine the feasibility of the instrument in 

measuring what it wants to measure. Test instruments 

that have been developed, at this stage validity testing is 

carried out by material and media experts [15]. Validity 

testing aims to determine the feasibility of the 

instruments that have been developed. The results of the 

validation test by experts get an average of 90.4% of the 

instruments declared valid. Expert validation assessment 

is used as the basis for revision. The results of expert 

validity can be seen in Figure 1. 

 

Figure 1. Results of the Validity of Scientific Literacy 

Based Test Instruments Characterized by Local Wisdom 

Using the Quizizz Application. 

The fourth stage is implementation or application. 

After the test instrument was declared valid and justified 

or revised, it was then field tested to 36 students of XI 

MIPA 7 as many as 36 people. Before being tested, 

students are first given learning related to the instrument 

material to be tested. 

The last stage of evaluation is an analysis to 

determine the reliability, discriminatory power and level 

of difficulty of the instrument. The question instrument 

can be said to be good if it has met the reliability 

analysis which shows that the question has a level of 

constancy and has a high level of confidence [10]. The 

result of reliability analysis is 0.725 which is in the 

reliable category. Problems that can be done by students 

with high and low abilities are considered to have poor 

distinguishing power [10]. A good question is a question 

that is in the medium category. The results of the 

analysis of discriminatory power and level of difficulty 

can be seen in Table 1 and Table 2. 
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Table 1. Short cut keys for the template 

The Differential Question Number Total 

Tidak Baik 1,9,10,14 4 

Cukup Baik 2,3,6,8,11,12,13,15,18 9 

Baik 4,5,7,16,17 5 

 

Table 2. Difficulty Level Analysis Results 

The Differential Question Number Total 

Sedang 1,2,3,4,5,6,7,8,9,10,11, 

12,13,14,16,17,18 

17 

Sukar 15 1 

 

The results of the analysis of both are known from a 

number of 18 questions, there are 14 items that are 

declared feasible. It is known in Table 1 that there are 4 

items that are stated to be in the bad category so they 

cannot be used. While in Table 2 the test instrument 

developed is known to be in the category of moderate 

and difficult level of difficulty so that it can be said to 

be feasible. The results of the analysis of student 

responses to the developed instruments were an average 

of 76% in the good category. These results are in 

accordance with research  which states that the Quizizz 

application is able to attract and increase students' 

learning enthusiasm [11]. 

4. CONCLUSION 

The final product is a multiple choice test instrument 

characterized by local wisdom using the Quizizz 

application. The final product consists of 14 items and 

consists of 4 categories of indicators for the 

development of scientific literacy aspects. The value of 

local wisdom contained in the instrument is in the form 

of an optical instrument related to the traditions of the 

local community. The results of the instrument validity 

by experts of 90.47% are said to be valid. The 

developed instrument is said to be reliable, because the 

calculation results obtained R11 = 0.725, with rtable = 

0.329. And the results of the analysis of student 

responses are an average of 76% in the "Good" 

category.  
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ABSTRACT 

In this study, the aim is to review the effectiveness of augmented reality in physics laboratory experiments. The 

research method utilized is a qualitative method with a qualitative approach, namely data collection, data reduction, 

data presentation and verification and conclusion. This research was conducted by analyzing articles. The articles 

analyzed were obtained from Google Scholar and indexed nationally and internationally in the last ten years. 

Disbursement of journals with the keywords "augmented reality in physics laboratory experiments ". Not combined 

with other related keywords. The results showed that physics experiments with the help of augmented reality can help 

explain abstract material and provide benefits, namely increasing students' conceptual understanding, learning 

achievement, learning motivation, and new experiences. Based on a journals review, it is known that augmented 

reality can significantly increase the effectiveness of physics laboratory experiments.  

 

Keywords: Augmented Reality; Literature Review ; Physics Laboratory Experiments. 

 

1. INTRODUCTION 

Mastery of science and era is now an essential 

key in going through future demanding situations. The 

twenty first century has delivered a paradigm shift to 

curriculum, media and era . one of the adjustments that 

has happened is the shift from traditional mastering to 

generation-based totally learning [1]. one of the lessons 

that is no much less lagging at the back of with the shift 

in era is physics getting to know 

The concept of 21st century learning must be 

applied to physics learning both in the classroom and 

through laboratory activities. One of the important 

activities in the laboratory environment is practicum. 

Several studies have successfully explored the benefits 

of practicum, including practicum that can be used as a 

vehicle to build, reconstruct, verify, and strengthen 

scientific knowledge [2]. Practical activities can practice 

basic skills in experimenting and the scientific method 

[3]. Practical activities are also able to stimulate the 

development of lower-level thinking skills towards 

higher-level thinking [4]. Practicum is not limited only 

by activities in the laboratory. Practicum can be done 

well by using simplification of real conditions into 

simple concepts, such as simulating the theory of 

relativity using virtual reality [5] and Lorentz simulation 

using augmented reality [6]. 

Augmented reality technology is one that 

includes loading and merging virtual objects on real-

world images (video, sound, photos, text, 3D models, 

etc.). Augmented reality is accepted as an extension of 

virtual reality. Unlike virtual reality, augmented reality 

offers users a perfect interface that brings together the 

real and virtual worlds. Users can interact with virtual 

objects placed in real scenes around and experience the 

most natural and real human-computer interaction [7]. 

In short, it is aimed at augmented reality applications 

that are media that are close to the real world offered to 

users. 

Modern laboratory activities, which are one of 

the components in science teaching activities, therefore 

augmented reality can be applied in laboratory activities 

[8]. Considering that students are required to interact 

with physical objects (experimental materials) on the 

one hand and virtual objects (measurement data) on the 

other. In some studies, the laboratory learning 

environment is enhanced by real-time visualization of 

measurement data, which is automatically presented 
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close to the corresponding real object [9, 10, 11]. Thus, 

augmented reality is used to create closeness in time and 

space of important information in laboratory work [12]. 

Laboratory activities assisted by augmented reality will 

provide and provide new learning experiences for 

students so that student learning outcomes change [13, 

14, 15]. 

The benefits of augmented reality in laboratory 

experimental activities, especially physics experiments, 

can be used as a medium that can convey information 

better than conventional physics experiments and can 

also bring students to build conceptual knowledge by 

describing adjacent information [16]. In this study, a 

literature review study was conducted on the 

effectiveness of augmented reality in physics laboratory 

experiments by describing and interpreting relevant 

information related to the use of augmented reality 

media in physics laboratory experiments. 

2. METHODS 

The kind of research used is literature look at, by 

collecting facts and data from numerous related 

scientifics sources [17] The statistics collection method 

on the way to be used is secondary statistics. The 

secondary information assets used on this look at are a 

number of journals with worldwide publications that 

may be accounted for, associated with the usage of 

Augmented reality media in physics learning. This have 

a look at uses a qualitative approach via generating 

descriptive statistics from numerous journals obtained. 

The stages of data analysis in qualitative research by 

Miles and Huberman [18] are as follows Figure 1. 

 

Figure 1. Data Analysis Process Miles and Huberman 

 

The purpose of writing is to analyze the 

effectiveness of augmented reality in physics 

experiments. Articles that analyzed obtained from 

Google Scholar and indexed nationally and 

internationally in the last five years. Disbursement of 

journals with the keyword “augmented reality in physics 

education”.  Not done combinations with other related 

keywords. 

 The first level in qualitative records evaluation 

is finished through reviewing journals to reap statistics 

and statistics wanted in studies. second, records 

reduction by summarizing, deciding on factors, and 

attention at the dialogue in order that the data obtained 

has a clearer and simpler photo researcher. Then carry 

out the presentation of the information, particularly by 

way of offering a narrative text in the shape of a quick 

description. The very last level in qualitative data 

evaluation is drawing conclusions and verification. 

3. RESULTS  

The search results of articles based on the methods 

used produce the information presented in the Table 1. 

Based on Table 1, it can be seen that augmented reality 

research in physics laboratory experiments uses a lot of 

design, namely research and development as many as 7 

articles. These seven articles conclude that augmented 

reality in physics experiments is feasible to use. 

Augmented reality which is equipped with video, photo 

and 3D animation is one of the considerations in the 

development of the laboratory. Augmented reality-based 

practice modules are feasible to use and can increase 

students' learning motivation. In addition, student 

worksheets with the help of augmented reality videos 

can improve higher-order thinking.and increase student 

learning achievement.  

Students' conceptual knowledge also increases with 

low cognitive load. The use of embedded design and 

Action Research methods – Experiments are one article 

each, where AR technology allows students to conduct 

direct laboratory experiments and interactively explore 

various scientific phenomena and can improve students' 

conceptual understanding. Research design, Quasi-

experimental Design consists of 2 articles. Physics 

laboratory experiments using augmented reality 

technology provide students with new experiences so 

that learning achievement increases  which can reduce 

the time of experimental activities. Topic and kind 

augmented reality in physics laboratorium as Table 2. 

Based on Table 2, it can be seen that in the 

development of physics laboratory experiments using 

augmented reality technology, it is widely used in 

electrical circuit materials by visualizing 3D animated 

objects. Based on these data, it can be seen that 

augmented reality technology modeling in laboratory 

experiments visualizes a lot of 3D animated objects. on 

the matter of temperature and heat, using video, 3D 

objects and simulations [25]. 
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Table 1. Approach Research 

Authors Research Approach Core information  

[19] Akçayır, M., G€ okçe Akçayır, 
Hüseyin Miraç Pektas, & 
Mehmet Akif Ocak. (2016) 

Quasi-experimental 
pre-test/post-test 
control group design 

This study aims to investigate the differences 
between the laboratory skills of students who use 
AR technology in their science laboratory and the 
differences in attitudes inferred between students 
who use augmented reality technology in science 
laboratories and those who do not use 
augmented reality technology. 

[5] Sumardani, D., Agustiani 
Putri, Zulri Ramadhan, Dewi 
Muliyati, & Fauzi Bakri. (2020) 

Research and 
Development 

Augmented reality integrated student worksheet 
modeling in science laboratories to train higher 
order thinking talents. The results of this study 
indicate that the augmented reality integrated 
student worksheet is suitable for use in physics 
practicum 

[20] Jiang, S., Cansu Tatar, 
Xudong Huang, Shannon H. 
Sung, & Charles Xie. (2021) 

Research and 
Development 

This study aims to produce student worksheets 
(LKPD) and AR (augmented reality) media which 
are videos related to practicum topics 

[21] Bakri , F., Handjoko 
Permana, Suci Wulandari , & 
Dewi Muliyati. (2020) 

Action Research – 

Eksperimen 

This study examines the navigation patterns of 
high school students and science learning with 
mobile AR technology in a laboratory setting. AR 
technology allows students to carry out hands-on 
laboratory experiments and interactively explore 
various scientific phenomena spanning the 
concepts of biology, chemistry, and physics 

[6] Bakri, F., Shabrina Pratiwi, & 
Dewi Muliyati. (2019) 

Embedded Design The use of augmented reality in physics practicum. 
The results of this study indicate that augmented 
reality in physics practicum increases the 
understanding of physics concepts, especially in 
abstract materials such as electricity 

[1] Amelia, R., Rahmah Salamah 
Nur Azizah, Ami Rahmawati 
Suwandi, Irma Fitria Amalia, & 
Ali Ismail . (2020) 

Quasi-experimental 

Design 

Augmented reality 3D modeling in physics 
laboratory experiments improves student 
achievement and provides new learning 
experiences 

[7] Cai, S., Feng-Kuang Chiang, 
& Xu Wang. (2013) 

Research and 
Development 

Augmented reality-assisted student worksheets 
(LKPD) that are enriched with videos in laboratory 
experimental activities become easier 

[22] J Firmansyah, A Suhandi, A 
Setiawan, & A Permanasari. 
(2020) 

Research and 
Development 

This study aims to design and develop a media 
laboratory in the form of an Augmented Reality 
application that is used in the basic physics 
laboratory module. The results of this study 
indicate the application of AR in the basic physics 
practicum module as a medium that supports the 
implementation of the practicum 

[23] A R Aththibby, H Kuswanto, 
& Mundilarto. (2021) 

Research and 
Development 

Augmented reality integrated basic physics 
practicum module design. The results of the study 
indicate that the developed module is suitable for 
use in learning and practicum activities and is able 
to increase students' learning motivation 

[24] Kapp, S., Michael Thees, 
Fabian Beil, Thomas Weatherby, 
& Jan-Philipp Burde. (2020). 

Research and 
Development 

In this study present a randomized controlled trial 
in a graded physics laboratory course evaluating 
the effects of smart glasses-based augmented 
reality environments on cognitive load and 
conceptual knowledge acquisition compared to a 
two-dimensional non-AR setting. 

[8] Altmeyer, K., Sebastian Kapp, 
Michael Thees, Sarah Malone , 
Jochen Kuhn, & Roland Brünken. 
(2020) 

Research and 
Development 

The purpose of this study is to use tablet-based 
AR applications as a tool to support live 
experiments. The results of this study indicate the 
use of augmented reality that encourages the 
acquisition of conceptual knowledge in laboratory 
physics work 
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4. CONCLUSION  

Augmented reality in physics laboratory experiments 

can be used as an alternative to experimentation with 

technology, considering that augmented reality can 

present real and virtual learning. In addition, augmented 

reality in physics laboratory experiments is the best 

solution for practical activities on abstract material. 

Based on a journals review, it is known that augmented 

reality can significantly increase the effectiveness of 

physics laboratory experiments 
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ABSTRACT 

The physics learning process still tends to be teacher-centric, as a result, learning is only focused on delivering 

material or information and in the process of learning physics so far only focused on cognitive while not giving space 

to metacognitive. This study aims to determine whether the treffinger learning model is effective in metacognitive 

abilities in the work and energy materials of grade X SMA 1 Simanjaya students. This research is a quantitative 

research. The design used is quasi-experimental with a nonequivalent control group model. Data collection techniques 

are used in the form of metacognitive ability tests in the form of essay. Tests are used to obtain data on the pretest and 

posttest results of the control class and experimental class. The study population is all students of grade X SMA 1 

Simanjaya. The sampling technique is purposive sampling. Experimental group are treated with a treffinger learning 

model and control group with conventional learning. The results of hypothesis testing using the t-test were obtained 

𝑡𝑐𝑜𝑢𝑛𝑡 = 2.67 with a significant level of 5% obtained 𝑡𝑡𝑎𝑏𝑙𝑒  = 2.12, because 𝑡𝑐𝑜𝑢𝑛𝑡  > 𝑡𝑡𝑎𝑏𝑙𝑒  then H0 was rejected and 

H1 was accepted. This shows that the treffinger learning model can improve students' metacognitive abilities in the 

work and energy materials of class X SMA 1 Simanjaya. 

 

Keywords: M etacognitive Ability; Treffinger Learning Model; Work and Energy. 

 

1. INTRODUCTION 

can convey information better than conventional 

physics experiments and can also bring students to build 

conceptual knowledge by describing adjacent 

information [16]. In this study, a literature review study 

was conducted on the effectiveness of augmented reality 

in physics laboratory experiments by describing and 

interpreting relevant information related to the use of 

augmented reality media in physics laboratory 

experiments. 

Educators play an important role in the learning 

process to meet the required goals [1]. During the 

learning process, educators need to master teaching 

materials to deepen students' understanding. In addition, 

educators also need to know the appropriate learning 

methods and models used in learning. An educator 

understands his students. The learning process requires 

some students to have difficulty in understanding the 

material so that they cannot reach the standard of 

learning completeness. This is because each student has 

different intellectual talents, therefore students 

understand the content in various ways during the 

learning process, one of which is physics. 

Physics is a science that has an important role in 

explaining natural events that occur in life. Physics is a 

natural science whose application is very close to 

human life. Physics is an abstract subject, it takes high-

level thinking that can make it difficult for students to 

understand physics lessons [2] 

Physics learning is not enough if only done by 

explaining and listening, but students also have to 

develop their thinking to help them understand the 

content and concepts (Pramita, 2016). Since the 

teacher's accuracy in choosing the learning model and 
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approach is the most significant element to ensure 

student success, educators should place more emphasis 

on students' active participation in the learning process. 

Therefore, we need a learning paradigm in which 

students participate actively in the learning process and 

can solve problems by working on several questions. 

The solution to improve students' problem-solving 

skills in the discipline of physics is to encourage 

students to think creatively as an effort to master the 

concept requires several steps or processes to get 

optimal learning outcomes, one of the learning models 

is the treffinger learning model. The model that 

encourages students to think critically in solving a 

problem is called the Treffinger learning model [4]. This 

is also a developmental learning paradigm, which is 

very important in this case is the process [5]. 

This learning model prioritizes the learning process, 

namely, educators need to focus on helping students 

gain self-regulation skills. As for the stages of treffinger 

learning, namely Basic tools, this stage students need to 

think openly about their ideas, the next stage is Practice 

with the process, this stage students are allowed to 

inspire their search for abilities, and the next stage is 

Working with real problems in this stage students are 

expected to generate problems from their daily lives and 

find solutions (Tia, 2017). Treffinger learning will help 

students motivate students and think creatively in 

solving physics problems. 

Work and energy material is one of the materials 

studied in physics class X. This material studies the 

movement of an object from its initial position to its 

end, as well as the causes of object movement. Work 

and energy are important concepts in physics lessons 

and play an important role in everyday life [6] Effort 

and energy must be attached to students because they 

are fundamental concepts of physics. Therefore, an 

understanding of the work and energy material needs to 

be emphasized so that students will find it easier to 

accept and understand the next material related to work 

and energy [7] 

Work and energy material is one of the contextual 

physics materials and has many applications in everyday 

life [8] Therefore, an appropriate learning model is 

needed with the characteristics of the physical material. 

The Treffinger learning model is used with the hope that 

students can identify phenomena in life that are related 

to the matter of work and energy, thus students can 

develop their concepts of work and energy. 

Metacognition is "thinking about thinking", so it can 

be explained that metacognition is the ability to think 

about the thinking process itself as an object of thought 

[9]. "Metacognition is the process by which a person 

thinks about thinking to construct methods for dealing 

with problems," [10]. Then, according to Lee and 

Baylor, metacognition should be taught as a talent that 

allows students to learn and uncover their knowledge. 

Students with high levels of metacognition will 

demonstrate skills such as planning, monitoring, and 

assessing their thinking processes and outputs [11]. 

Metacognition space is an assessment that begins with 

planning, implementing, and reflecting on the 

difficulties that arise during learning, so it is not known 

whether students use metacognitive processes, even if 

students are not aware that metacognitive abilities exist 

in themselves. 

Based on the background and research problems. 

Research on "The Effectiveness of Treffinger's Learning 

Model on the Metacognitive Abilities of Students in 

Business Materials and Energy for Class X SMA 1 

SIMANJAYA " is very important at this time. 

 

2. METHODS 

This research was conducted at SMA 1 

SIMANJAYA Siman Sekaran Lamongan, East Java, 

which will be held in April-May 2022. Business and 

energy materials 

The research design used in this experimental 

research is a pretest-posttest control group design, 

namely a research design that divides research subjects 

into two classes, namely the experimental class and the 

control class [12]. The population in this study were all 

students of class X SMA 1 SIMANJAYA Siman 

Sekaran Lamongan, East Java. The sampling technique 

in this research is purposive sampling, which is a 

sampling strategy based on certain goals or criteria. In 

this study, the object studied was the science class, so 

the sample data sources were class X 1 and X 2. The 

experimental class was class X 1, treffinger learning 

was used in this class and the control class was class X 

2, learning in this class used a learning model. 

conventional. 

3. RESULTS  

Before the data obtained were analyzed, the 
normality and homogeneity of the data were tested first. 
Testing the normality of the data was tested with chi-
squared, the results of the normality test of the data can 
be seen in Table 1. 

Table 1. Normality Test Results Pretest and Posttest 

Class 
xhitung

2  
xtabel

2  Conclusion 
Pretest Posttest 

Exper 8,255 9.54 11,070 Normal 

Control 9.8 10.7 11,070 Normal 

 

Table 1 presented states that the experimental 

class and control class data𝒙𝒉𝒊𝒕𝒖𝒏𝒈
𝟐  < 𝒙𝒕𝒂𝒃𝒆𝒍

𝟐 , it can be 

concluded that the results of the data obtained from the 
experimental class and control class are normally 
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distributed. After knowing that the data is normally 

distributed, the data homogeneity test is carried out 

using the Fisher test. 

 

Table 2. Results of Pretest and Posttest Homogeneity 

Test Experiment Class and Control Class 

Statistics 
Pretest Posttest 

Exper Control Exper Control 

F count 1.02 1.76 

F Table 2.20 2.20 

Conclusion Homogen Homogen 

Table 2, the pretest test data for the experimental 

class and the control class obtained F count 1.02 and the 

posttest results for the experimental class and control 

class obtained F count 1.76, as well as the results for F 

Table 2.20. The data from the two classes obtained F count 

> F Table, it can be concluded from the two samples 

that the two samples have the same variance and are 

declared homogeneous. 

A metacognitive ability test was conducted to 
find out if differences in metacognitive ability between 
the experimental class and the control class were found.  

Table 3. Hypothesis Test Results 

Class N x̅ ttabel thitung Sig.(2-

tailed) 
Exper 17 75.47 

2,124 2,671 0.007 
Class 28 69.14 

Based on Table 3, the calculation results obtained 
𝑡ℎ𝑖𝑡𝑢𝑛𝑔  = 2.671, using a significant level of 5% with 

𝑡𝑡𝑎𝑏𝑒𝑙  = 2.124, because 𝑡ℎ𝑖𝑡𝑢𝑛𝑔 >  𝑡𝑡𝑎𝑏𝑒𝑙  , it can be 

concluded that 𝐻0 rejected and 𝐻α accepted and the t-test 
obtained a significance value of p (2-tailed) is 0.007 
because p < 0.05 then 𝐻0 rejected and 𝐻αaccepted. then 
it was accepted 𝐻α and concluded that the Treffinger 
learning model can improve students' metacognitive 
abilities on the material of work and energy. 

 

Figure 1. Comparison of N-Gain Test Results of 

Metacognitive Ability Improvement Between 

Experiment Class and Control Class. 
 

Based on Figure 1, shows that the average value of 

the Pretest of student learning outcomes before learning 

is carried out in the experimental class is 65, then it 

increases in the Posttest with an average of 75.47. 

Furthermore, in the experimental class, the N-gain value 

showed an increase in understanding or mastery of 

concepts with a value of 0.3 in the medium category. 

Meanwhile, the average value of the pretest of student 

learning outcomes before learning was carried out in the 

control class was 63.86, then increased to the posttest 

with an average of 69.143. Furthermore, in the 

experimental class, the N-gain value showed an increase 

in understanding or mastery of concepts with a value of 

0.146 in the Low category. 

4. DISCUSSION  

The results of hypothesis testing are obtained that 
H0  rejected and Hα  accepted, meaning that there is a 
significant difference between the control class and the 
experimental class. The difference in the use of the 
treffinger learning model with conventional methods can 
be seen in the acquisition of the average score. The 
posttest value in the experimental class got the lowest 
score of 63 and the highest value of 90 with an average 
of 75.47 . While the posttest score in the control class got 
the lowest score of 55 and the highest 81 with an average 
of 69.14 . From the average posttest for each class, the 
students' metacognitive abilities increased. This is due to 
differences in action or treatment, where the 
experimental class uses the Treffinger learning model 
and the control class uses a conventional or previously 
used learning model. 

The results of the average posttest value 
compared to the pretest value in each class increased 
after treatment. The results of the N-Gain calculation of 
the two classes showed a difference in the N-Gain value 
of the experimental class of 0.3 in the medium category. 
While the results of the N-Gain test for the control class 
are 0.146 in the low category. So that the metacognitive 
ability of students is increased by using the treffinger 
learning model compared to using the conventional 
learning model. This can happen because in learning 
using the treffinger model students are more active and 
critical. 

In the normality test of the experimental class, the 

value of posttest shows that xhitung
2 = 9.54 and xtabel

2 = 

11.070. From the results of the calculation, the 

significance level of 0.05 xhitung
2 < xtabel

2  means that the 

hypothesis H 0 is accepted. So get a sample conclusion 
that comes from a normally distributed population. 
Likewise, the results of the normality test in the control 

class obtained posttest values = xhitung
2  10.7 and xtabel

2 = 

11.070. Based on the calculations that have been 

obtained, it shows xhitung
2 < xtabel

2  where the hypothesis 

H0 is accepted. Then the conclusion of the sample from 
the population is normally distributed. So the treffinger 
learning model is effective compared to conventional 
learning models. 

From the statement above, each class of 
distribution is normal and homogeneous. And the next 
step is testing the hypothesis from analysis and 
calculation, calculating the hypothesis using the t-test 
with a significant level of α= 0.05 when the calculation 

65
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gets a value of thitung  = 2.671 and ttabel  = 2.124 where 

thitung  > ttabel then the hypothesis is accepted. From the 

results obtained, there are differences in the average 
value of students' metacognitive abilities with the 
Treffinger learning model which has increased compared 
to the conventional model [4][5]. Discussion and 
collaboration in groups provide opportunities for 
students to interact, practice, identify creative ideas, seek 
problem solving, conduct investigations, collect data, 
and argue in expressing their creativity and thinking 
skills [13]. 

5. CONCLUSION  

Based on the results of research, data analysis, and 

discussions conducted by researchers, it can be 

concluded that the Treffinger learning model is effective 

on students' metacognitive abilities in the matter of 

work and energy. This is based on the hypothesis test 

obtained 𝑡ℎ𝑖𝑡𝑢𝑛𝑔  = 2.67 with a significant level of 5% 

obtained 𝑡𝑡𝑎𝑏𝑒𝑙  = 2.12 where 𝑡ℎ𝑖𝑡𝑢𝑛𝑔  > 𝑡𝑡𝑎𝑏𝑒𝑙  it can be 

concluded that H0 is rejected and H1 is accepted, stating 

that there are differences in posttest scores between the 

experimental class and the control class. 

Suggestion: 

1) Research is expected to examine the effect of the 

Treffinger learning model on students' 

metacognitive abilities in the matter of work and 

energy. 

2) Learning using the treffinger learning modelneeds 

to be applied by educators, so that students can 

understand the concept of the material. 
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ABSTRACT 
The science learning process becomes meaningful if it combines scientific knowledge and experience in real life. The embodiment 

of integrating Islamic values is to place the important parts contained in the Qur’an and hadith into science learning. The purpose of 

this study is to find out the correlation between science and religious learning and to find out the solution of an integrated approach 

that is suitable for learning science and religion. This research used a literature review method on the sources of the Scopus, Google 

Scholar, Eric, and Tandfonline databases in 2009-2020. It obtained more than 10,000 articles collected from POP The data were 

processed by using Mendeley and filtered to obtain some selected articles. These articles discuss the pattern of the correlation 

between science and religion as well as strategies for implementing the integration of science and religion in learning.  

Keywords: religious science; science learning; meaningful 

1. INTRODUCTION  

Some researches show that today, many young 

children are exposed to misleading influences about 

science, religion, and their interactions. It influences 

their growth directly. They see science and religion as 

opposites. Therefore, an intellectual and 

interdisciplinary approach is needed to consider the 

function of science and religion, and their interactions. 

It means that it needs integration of science learning and 

religious beliefs [1]. Science learning requires a learning 

that combines scientific knowledge and experience in 

real life. Students will feel that learning becomes more 

meaningful. This meaningful learning can be achieved 

by integrated learning; combining science learning with 

religious values [2], [3]. The embodiment of integrating 

Islamic values is by placing the important parts of 

religion into science learning. Science and religion have 

a divide or dichotomy [4]. This integration is conducted 

by comparing the science arguments with religion that 

are useful  in the teaching and learning process. Besides 

that, it needs the professional development of teachers 

who understand complex reasons related to science and 

religious values [5]. 

The aims of this research are: 1) What is the 

correlation between science and religion?, 2) what is the 

strategy for implementing the integration of science and 

religion in learning?. 

 

2. METHOD  

This research used the literature review method. It 

analyzes the literature with several steps to determine 

the validity of the results. Several questions were 

explained to understand the research results. 

Reference research is intended to identify several 

articles that have been published by several journals that 

describe the science learning and the urgency of 

religious science. This research used a literature review 

method. Researchers used the Scopus, Google Scholar, 

Eric, and Tandfonline databases which included journals 

and proceedings. This research was started by 

conducting an online search through publishing or 

perishes by entering “religion, science learning, 

religious” in the title, keywords, from 2009 to 2020, and 

through eric.gov and Tandfonline. As a result, there are 

more than 10,000 documents. The data is documented in 

(.ris ) and (.csv) formats, and combined from Eric and 

Tandfonline. Then, the data is collected in the Mendeley 

software and then filtered and processed by documents 

that meet the criteria for the correlation of religion, 

science, and science learning suitcase on the figure 1. 

The articles used are articles published in English, while 

the types of articles in the form of book reviews, 

editorials, book chapters and book chapters and 

commentaries are excluded.Twenty-two (22) full papers 

were read and summarized in table 1 and tables that 

meet the criteria. After that, adjusted and taken the 

ISSN 2985-5721

Proceeding of International Conference of Education, Sciences, Technology, Engineering, & Mathematics

mailto:anwaredi2@students.unnes.ac.id


  

20 

 

objectives that meet the criteria, namely 1) What is the 

correlation between science and religion?, and 2) What 

is the strategy for implementing the integration of 

science and religion in learning? 

 

Figure 1. Research Procedure with PRISMA 

3. RESULTS AND DISCUSSION  

3.1.  Science and its Relation to Religion 

The findings showed that NOS learning affects 

several aspects of NOS perceptions about the correlation 

between NOS and Religion. But, it does not change the 

correlation between religion and science among the 

participants’ religious communities, because the 

correlation between religion and science is complex [8]. 

Functionally, science teaches belief, self-efficacy, 

metacognition, and awareness. Science teachers have 

significant views regarding their understanding of the 

nature of science [9]. The correlation between science 

learning and religion has several different views. There 

is a barrier between science and religious learning. The 

contradiction between religion and science results in 

moral and epistemological contradictions. The 

contradiction is due to the cognitive mechanisms that 

prioritize religious beliefs over scientific understanding 

[10]. The science-religion problems that occurred in the 

United States had a different point of view between the 

academic scientists and society [11].  The existence of a 

dichotomy pattern or the existence of barriers due to 

contradictions in conclusions, for example with the 

naive empiricism used by teachers when describing the 

conflict between science and religion [12]. However, 

when practiced in learning, it will have a positive 

correlation (Astley & Francis, 2016; Barnes, 2017). 

The correlation between science and religion is 

described in detail as in Table 1. Table 1 explained that 

research with the content of science and creativity [13], 

evolution-religion [14], evolution and creativity [15]  

had a positive correlation, the science-religion learning 

process could be done by inquiry. There was a match 

even though there were differences in thinking before 

learning and it showed a match/ concordance after 

learning. Meanwhile, the content of integrating science-

Islam (Farihah, 2019), science – religious [17], NOS 

learning–religion [17]  showed that the integrated 

science tools with Islamic values made the students 

more interested in learning on the human digestive 

system. NOS learning and religion must be explained 

openly and comprehensively so that inductive naivety 

does not occur. It does not also show anti-science so that 

learning can be taught vis to vis science and religion. 

Therefore, the general conclusion showed that science 

and Islamic learning can be applied in learning and 

produce better learning outcomes. 

3.2.  Strategy to integrate Science and Religion 

Understanding the character of the material content of 

science (NOS) is one of the goals that must be carried 

out in integrating religion and science because the 

correlation between them is very complex  [8], [18]. 

Researchers think that it is important to give some 

opportunities for scientism to develop a better 

understanding of the roles nd limits of the scientific 

method, and its correlation religious beliefs [13]. 

Besides that, it needs to provide support for a critical 

pedagogy that places the evaluation stage as the center 

of truth. These findings also suggested for a teacher to 

teach Science and Religion by using critical pedagogics 

with the right scientific method to dispel the myth of 

unanimity and certainty in science [19]. 

Science and Religion content are two different 

contents so that in the integration process needs a 

dialogue that leads to merging. Therefore, it is necessary 

to analyze the truth and integrity of religious beliefs. A 

conceptual analysis approach is adopted to analyze 

science and religion to reveal the basic assumptions of 

how they are related. It becomes very important to have 

a well understanding of reality without naivety and use 

insights from science and religion in analysis [20] 

The critical pedagogic process that must be 

completed by an inquiry is a practical assessment in 

guiding action so that the students can improve their 

score in assessment by evaluating their actions during 

the scientific inquiry. Students also need opportunities 

to explore the values through scientific inquiry  [21]. 
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Strategies to integrate science and religion can also be 

done by analyzing arguments about science and religion 

as material to correlate science and religious values [5] 

 Students can understand the materials in a good 

learning process. The government is also urgently 

needed as in Australia which requires teachers to teach 

science and overcome students’ doubts about religion 

[22].  The integration strategy should be carried out 

completely through thinking of both science and 

religion as true sources. It provides a balance of 

integration in three ways, namely how science and 

religion can be understood to complement each other, 

how they are suitable with each other, and how they are 

processed properly [23]. 

If some approaches have been conducted to promote 

the integration of science and religion, the last step is to 

address the issues of science and religion. The issues are 

about the difference of opinion between academic 

scientists and society. Therefore, it needs a curriculum 

that is suitable for their understanding [11], so that  

learning runs effectively and efficiently. 

 

 

 

Table 1. Explained that research with the content of science and creativity  

Author Theory Sample Results 

(Astley & Francis, 

2016) 

Science and 

creativity 

Roman 

Catholic, 

Christian and 

Buddhist 

Positive correlation 

(Barnes, 2017) Evolution-religion senior High 

School 

Before the application of learning with evolution-

religion shows a discrepancy and after learning 

shows a match. 

(Farihah, 2019) Science-Islam 

integration 

I5 Middle 

School Students 

Device IPA integrated with Islamic values attract 

students study the human digestive system  

(Calver, 2017) Evolution and 

creativity 

senior High 

School 

Evolution-creationism can be applied with 

inquiry learning 

(Bickmore et al., 

2009) 

Nature of science –

Science religion 

Students The understanding of NOS and Science religion 

must be explained openly so that nave 

inductiveness does not occur. It does not show 

that anti-scientific sentiment increases with 

increasing Christian belief. Subjects with strong 

Christian beliefs turned out to be equally 

supportive of science, vis to vis science and 

religion.   
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In general, the description of integrating science and 

religious learning is in Table 2. 

Table 2 shows that some methods used in learning 

science and religion, namely problem-based learning 

(Farihah, 2019), project-based learning [3], and using 

inquiry [15] can be implemented in science-religious 

learning. Purwati explained that Science-Islam learning 

requires appropriate strategies and methods for material 

content ( Purwati, 2018). In starting learning, children 

are asked to: 1. read Al-Qur’an and its translations 

(digital Quran software), 2. discuss the material and 

present it. In addition, the teacher should: 3. explain the 

reinforcement material, 4. explain the content and its 

correlation with religion [3]. Meanwhile, learning with 

devices and media such as with the effective mobile-

assisted media in science-Islam learning (Fahyuni, 

2020), and video-assisted [14].  

 

Table 2. Science Learning 

Author Title Methodology Finding 

(Erduran, 
2020) 

Argumentation in 
science and religion: 
match and/or 
mismatch when 
applied in teaching 
and learning? 

Quantitative, 30 

Teachers from 15 

schools 

  

It needs a key component to integrate the 
concept of religion and the concept of science. 

(Barnes, 
2017) 

Impact of a Short 
Evolution Module on 
Students' Perceived 
Conflict between 
Religion and 
Evolution 

 Research and 

Development, Sample 

95 students, video-

assisted learning, and 

presentations 

Before the application of learning with 
evolution-religion shows a discrepancy and 
after learning shows a match. 

(Farihah, 

2019) 

  

Integrating Islamic 
values and science for 
millennial students' 
learning on using 
seamless mobile 
media 

15 Middle School 

Students, Indonesia,, 

Integrated book 

teaching 

materials,Problem-

based learning, Mixed 

method  

student responses to positive learning where: 
the minimum percentage of all statements is 
82.21% and the test results meet the valid 
criteria with at least = 0.73; and reliable with a 
value of = 0.57. Device IPA integrated with 
Islamic values attract students study the human 
digestive system   

(Fahyuni, 

2020) 

  

  

  

  

  

Integrating Islamic 
values and science for 
millennial students' 
learning on using 
seamless mobile 
media 

170 junior high school 

students, Indonesia, 

Mixed method 

of 95.29%. Students can express ideas, 

directing and finding findings in written report 

cards 

90%. Students have a greater responsibility 

is 85.29%. Medium tasks and projects 

taken 84.71% of the accuracy rate and 80% of 

curiosity 

for differences in life and the environment. 

(Purwati, 

2018) 

  

Increasing Islamic 
Junior High School 
Students Learning 
Outcomes through 
Integration of Science 
Learning and Islamic 
Values 

Islamic Junior High 

School and 8 MTS in 

Lombok (Indonesia), 

Project-based 

Learning    

  

integrating Islamic values into science learning 

requires with the learning procedure, students 

are asked to : 1. Read the verses of the Koran 

and its translation (digital Quran software), 2. 

Students are asked to discuss the material and 

present. 3. The teacher explains the material for 

reinforcement. 4. The teacher explains the 

content and its relationship with religion 

(Purwati, 2018)  

(Calver, 

2017) 

Teaching evolution to 
creationist students: 
The ultimate 
challenge. Australian 
Zoologist , 

senior High School 

Inquiry 

Evolution-creationism can be applied with 

inquiry learning 
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4. CONCLUSION  

The results of this research showed that the 

correlation pattern of science and religious learning is 

very necessary for learning. The learning function is to 

produce meaningful learning for students. The results of 

these articles indicated that there was a pattern of 

correlation between science learning and religious 

values vis to vis integrated and provided a positive 

correlation to previously contradictory learning 

outcomes (not compatible) and after learning with 

science-religion became suitable, and also made the 

students more interested in. Secondly, the strategy of 

integrating science and religion through problem-based 

learning, project-based learning, and using inquiry can 

be implemented in science-religious learning. Science-

Islam learning requires appropriate strategies and 

methods for the material contents. In starting learning, 

children are asked to: 1. read Al-Qur’an and its 

translation (digital Quran software), 2. discuss the 

material and present it. In addition, the teacher should: 

3. explain the reinforcement material, 4. explain the 

content and its correlation with religion.  
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ABSTRACT 

Breast cancer is the appearance of a lump in the form of abnormal tissue cells in the breast. One method for breast 

examination is to use x-rays on mammography equipment. Identification of mammographic image results is currently 

still done manually by doctors with special skills and knowledge, so a computer-based diagnostic method is needed to 

assist doctors in diagnosing images quickly and precisely. In this study, the classification of normal, benign, and 

malignant breast types was carried out based on the texture characteristics of the cancer using the MLP (Multi-Layer 

Perceptron) method. The method in this study resulted in an accuracy, sensitivity, and specification value of 100% 

respectively. Classification of mammographic images based on texture characteristics in distinguishing normal, benign, 

and malignant breast types using the MLP method has shown success so that this method can be used as an additional 

tool to facilitate medical experts in breast cancer examination.  

Keywords: Breast Cancer; Mammography; Clustering; MLP 

1. INTRODUCTION 

Breast cancer is the appearance of a lump in the form 

of abnormal and dangerous tissue cells in the breast 

organs. Breast cancer is one of the main causes of death 

in women after lung cancer. Based on data from the 

Indonesian Ministry of Health, in 2014 explained that the 

number 2 cause of death after cardiovascular disease was 

cancer with a percentage of 13%. In addition, sourced 

from Globocan data in 2018 explaining that in Southeast 

Asia, the country of Indonesia has been ranked 8th and 

released from the world health organization, that every 

year there are 1 million women who have been diagnosed 

with breast cancer and up to half of them cannot be saved. 

The majority of women with breast cancer live in less 

developed areas compared to those who live in developed 

areas [1]. 

Breast cancer can be caused by several factors, 

including gender, genetics, family history, smoking, 

drinking alcohol and aging [2]. Therefore, early detection 

of breast cancer is very necessary because considering 

the many factors that can lead to breast cancer so as to 

reduce the risk of breast cancer. Because not a few 

patients with breast cancer find out their disease too late, 

so it is too late to come to the hospital because they are 

in the final stage [3]. One of the early detection of breast 

cancer can be done by using breast self-examination 

method or often known as BSE. This examination is 

relatively easy because it can be done yourself and does 

not cost money [4]. For women of childbearing age, this 

method can be done once a month and carried out from 

the first 7-10 days of menstruation. So, the BSE 

examination method is only allowed for women who 

have menstruated [5]. 

One of the screening methods for early detection of 

breast cancer in the medical world is the screening 

method using mammography imagery. Imaging for early 

detection of breast cancer by utilizing low-dose x-rays to 

produce high resolution is called mammography 

examination [6]. The result of this examination is an 

image of the breast in grayscale. Diagnostic analysis of 

previous mammographic images was carried out 
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manually by a radiology doctor and required special 

skills and knowledge, but this does not rule out the 

possibility of errors in diagnosis due to decreased visual 

ability. Along with the development of technology, 

analysis of image results can be carried out by processing 

using computer-based digital images in order to obtain 

results quickly and precisely [7]. 

Machine learning is part of the development scope 

that focuses on implementing algorithms and other 

methods to predict, identify and classify large amounts of 

data. In general terms, the stages of machine learning 

consist of 3 stages, namely data collection, determining 

the model, research, and the testing stage. In the scope of 

health and medicine, many have done machine learning-

based classification with the aim of making it easier for 

doctors and medical experts to classify types of cancer, 

tumors, to further actions and types of treatment [2]. 

Digital image processing is one of the sciences that 

emerged because of the effects of technological 

developments, namely the science of programming on 

computers. The goal is to process an object, so that the 

object can be understood by readers in general. The 

purpose of digital image processing on mammography is 

to improve the quality of image results in order to obtain 

information processing easily [8]. 

Sourced from a previous study by [9] to classify 

normal and abnormal mammographic images based on 

texture characteristics using the K-Means method and 

producing an accuracy value of 80%. Subsequent 

research, conducted by [2] to classify the types of breast 

cancer using WEKA software with the Naive Bayes 

algorithm method, and resulted in the average percentage 

for correct data reaching 96,9% and error data only 3,1%. 

Followed by [10] to classify benign and malignant 

tumors based on texture characteristics using the Support 

Vector Machine (SVM) method and the resulting 

accuracy, sensitivity, and specificity values were 

83,59%; 87,58%; and 76,84%. 

Meanwhile, in this study, a classification system was 

developed on mammographic images to differentiate 

normal, benign, and malignant cases based on texture 

characteristics using the MLP (Multi-Layer Perceptron) 

method. The use of the MLP method is proven to produce 

high accuracy, sensitivity, and specification values up to 

100% [11], so it is hoped that it will make it easier for 

doctors and medical experts to classify mammographic 

images quickly and precisely. 

2. METHOD 

This study uses 45 images, namely: 15 normal 

images, 15 benign images, and 15 malignant images. The 

mammographic image database was obtained from the 

Digital Database for Mammography Screening (DDSM) 

and then image processing was carried out based on the 

texture characteristics. DDSM is a website that has been 

trusted to be a source of research by the research 

community in mammographic image analysis. The 

source of the data comes from a collaboration involving 

co-pilots in several General Hospitals, National 

Laboratories, Universities, as well as Assistant 

Professors of Radiology and Disease. Until now DDSM 

has been widely used by the research community in terms 

of sound research related to the development of 

computer-based algorithms [12]. 

The stages of this research consist of three, namely: 

pre-processing, texture feature extraction, and 

classification. The first stage, namely pre-processing 

which consists of cropping, resizing, and filtering is done 

using MATLAB R2014a software. During the cropping 

process, the unused portion of the image must be 

removed in order to obtain information related to the 

image that will be used at a later stage. The cropped 

image is then resized to be uniform using the 'imresize' 

command [13]. The next process is resizing, which is the 

process of changing the image size to be smaller so that 

it can be processed by the computer quickly and does not 

make the storage memory full [14]. The last process in 

the pre-processing stage is filtering. The purpose of 

filtering is to remove noise in mammographic images 

[15]. The definition of noise is information contained in 

an image but is not needed in the next stage, one of which 

is a marker that is used to mark abnormalities in the breast 

[16]. 

Furthermore, for the second stage, namely the 

extraction of texture features on mammographic images 

based on histograms and Gray Level Co-Occurrence 

Matrix (GLCM). The notion of texture itself is a repeated 

form obtained from the correlation of the spatial 

distribution of the number of degrees of gray color in 

successive pixels [17]. The use of this texture can 

facilitate the detection of breast cancer because it takes 

into account the level of gray in each pixel. The intensity 

value at each gray level will be normalized until the gray 

level distribution is evenly distributed [18]. 

The parameters of the histogram consist of: standard 

deviation, mean, skewness, entropy, kurtosis, and 

variance [11]. 

1. The standard deviation is the root of the variation in 

the image element 

𝜎 = √∑ (𝑓𝑛 − 𝜇)2)𝑝(𝑓𝑛)𝑛  (1) 

 

2. Mean, is used to determine the value that represents 

the entire image in the extraction process 

Mean =  
∑ 𝑓(𝑖)𝑁

𝑖

𝑁
 (2) 

 

3. Skewness, is the level of slope/uncertainty in the 

histogram curve 
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𝛼3 = 
1

𝜕3 ∑ (𝑓𝑛 − 𝜇)3)𝑝(𝑓𝑛)𝑛  (3) 

 

4. Entropy, is a measure of the complexity of the image 

 

H = -∑ 𝑝(𝑖)𝑙𝑜𝑔2
𝐿−1
𝑖=0 (𝑝(𝑖)) (4) 

 

5. Kurtosis, is the sharpness value on the histogram 

curve 

 

𝜎4 = 
1

𝜎4 ∑ (𝑓𝑛 − 𝜋)4)𝑝(𝑓𝑛)𝑛  (5) 

 

6. Variants, are variations in image elements. While fn 

shows the intensity of the gray level and p(fn) shows 

the histogram value generated by the image 

 

𝜎2 =  ∑ (𝑓𝑛 − 𝜇)2)𝑝(𝑓𝑛)𝑛  (6) 

 

Image extraction is carried out based on the results of 

feature extraction to obtain texture features which will 

then be classified through statistical feature extraction on 

the second order using the GLCM method. The purpose 

of using GLCM is to determine the spatial correlation 

between reference pixels and neighboring pixels, along 

with angle and distance d. This study uses an angle of 90° 

with a distance of 1 [19]. According to[20] GLCM is a 

texture-related property of a property that is captured 

indirectly and can later be used as a tool in analyzing data. 

The data obtained must be abstracted so that the resulting 

numbers can be used for the classification process based 

on texture. The definition of each feature used in the 

GLCM matrix is as follows [11]: 

a. Contrast is used to determine the size of the 

difference in the intensity value of each pixel from 

the variation of the gray level of a pixel in successive 

images throughout the image. 

Contras = ∑i ∑j (i-j)2 p2 (i,j) (7) 

 

b. Correlation is used to determine the value of the 

correlation in each pixel for the entire image. For the 

value of the correlation is in the range -1 to 1 for a 

perfect picture with a positive or negative 

correlation. While in a constant image, the 

correlation value cannot be calculated. 

Correlation =  
1

σx σx
∑  i=1

∑  j=1(i- μx )(j-μy)p(i,j) 

                   (8) 

 

c. Energy is used to determine the uniformity value of 

the texture (paired pixel repetition). For an image 

with a constant gray value, the energy value is 1. 

Energy = ∑i ∑j p2 (i,j) (9) 

 

d. Homogeneity, to show the value of how close the 

distribution of elements in the GLCM matrix is 

through the distribution of its diagonal elements with 

a value of 1. 

Homogenitas =  ∑i ∑j 
𝑝(𝑖,𝑗)

1+|𝑖−𝑗|
 (10) 

The last process is classification which is done using 

Machine Learning WEKA [2]. Officially, WEKA is 

referred to as the Waikato Environment which is used for 

computer-based learning programs developed by the 

University of Waikato in New Zealand. This software 

aims to identify information related to basic data from the 

previous domain. The method used in image 

classification is MLP (Multi Layer Perceptron). The 

central network in MLP consists of several units 

composed of several layers. Each layer contains several 

interconnected nodes in each network. Each MLP 

contains at least three layers, namely the input layer, the 

hidden layer and the outer layer. The function of the input 

layer is to pass the input to the next layer. This layer is 

linear and has no threshold. Next is the hidden layer 

which has non-linear activity while the output layer has 

linear activity [21]. 

The confusion matrix analysis process in WEKA 

consists of 4 types, namely: True Positive (TP), False 

Positive (FP), True Negative (TN), and False Negative 

(FN). The definition of TP is positive data that is detected 

as positive. FP is positive data detected as negative. TN 

is negative data that is detected as negative. While FN is 

negative data that is detected as positive. The results of 

the confusion matrix analysis will produce a 

measurement index with the following formula [22]. 

Accuracy = 
TP+TN

TP+FP+FN+TN
 × 100%                   (11) 

 

Sensitivity = 
TP

TP+FN
 × 100%                     (12) 

 

Specificity = 
TN

TN+FP
 × 100%                            (13) 

3. RESULTS AND DISCUSSION 

The results of the pre-processing are shown in Figure 

1 which shows success because there is a difference 

between the original image and the pre-processed image. 

The first stage is filtering the image using median 

filtering. The aim is to reduce or even eliminate noise in 

mammographic images [15]. Filtering in this study aims 

to remove markers on mammographic images. The next 

process is cropping the parts that are not needed and the 

image is successfully cropped to get the parts that are 

needed at the next stage. According to Yuhandri [16], 

cropping is the process of cutting certain parts of the 

image precisely to determine the parts to be processed at 
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a later stage. This truncation uses two coordinate 

references, namely for the initial coordinates at the upper-

left corner and the final coordinates at the lower-right 

corner [23]. The last process in the pre-processing stage 

is resizing to reduce the pixel matrix size in the grayscale 

image to 200 × 200 pixels. Resize is the process of 

changing the size of the image to be smaller so that it can 

be processed by the computer quickly and does not cause 

the memory to be full [14]. 

  
(a) (b) 

  
(c) (d) 

  
(e) (f) 

Figure 1. Breast mammography image on the image 

(a) Normal before pre-processing, (b) Normal after 

pre-processing, (c) Benign before pre-processing, (d) 

Benign after pre-processing, (e) Malignant before pre-

processing, and (f) Malignant after pre-processing. 

The histogram in Figure 2 shows that the distribution 

of all gray levels is calculated to be uneven and only in 

the middle. From the three types of equalized breast 

images, the results show that the three images have 

different levels of gray contrast. The first-order method 

can convert the value of the gray level of the image at 

each pixel without showing the location of the image 

[24]. Image (a) as normal data looks more grayish and 

undistributed, image (b) as benign data has the same 

grayishness from image (a) but is slightly distributed, 

while image (c) as malignant data looks blacker than 

image (a) and (b) and more distributed data. 

Classification of mammographic images is carried 

out based on the parameters of the histogram and GLCM. 

The parameters of the histogram consist of entropy, 

standard deviation, slope (skewness), kurtosis, mean, and 

variance. Meanwhile, the parameters of GLCM consist of 

contrast, correlation, energy, and homogeneity. Table 1 

shows the results of the histogram and GLCM parameter 

selection which consists of 4 attributes with texture 

values that affect the classification. These results are 

shown from the gain ratio value which is greater than 

zero, namely 2.222 which is generated by the attributes 

of kurtosis, entropy, average, and standard deviation. 

This can be seen from the gain ratio value generated by 

each attribute. Feature selection to obtain many 

influential attributes in the classification can be done 

based on an algorithm calculation or called the gain ratio 

[25]. 

 

  

 

Figure 2. Histogram of mammographic images on the 

image of (a) normal breast, (b) benign breast, (c) 

malignant breast 

Classification of mammographic images is carried 

out based on the parameters of the histogram and GLCM. 

The parameters of the histogram consist of entropy, 

standard deviation, slope (skewness), kurtosis, mean, and 

variance. Meanwhile, the parameters of GLCM consist of 

contrast, correlation, energy, and homogeneity. Table 1 

shows the results of the histogram and GLCM parameter 

selection which consists of 4 attributes with texture 

values that affect the classification. These results are 

shown from the gain ratio value which is greater than 

zero, namely 2.222 which is generated by the attributes 

of kurtosis, entropy, average, and standard deviation. 

This can be seen from the gain ratio value generated by 

each attribute. Feature selection to obtain many 

influential attributes in the classification can be done  
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based on an algorithm calculation or called the gain ratio 

[25].  

Figure 3 shows the four ranks of the characteristic 

attributes that affect the classification process. Linear 

trendline on the chart cluster serves to determine the 

difference in the distribution of the texture feature data 

randomly selected in normal, benign, and malignant 

breast cases. The first attribute, namely kurtosis, shows 

that the contrast size of malignant breasts is higher than 

normal and benign breasts. The second attribute, namely 

entropy, shows that the contrast size in normal breasts is 

higher than in benign breasts and malignant breasts. The 

third attribute, which is the average, indicates that the size 

of the contrast in normal breasts is higher than that of 

malignant breasts and benign breasts. The fourth 

attribute, which is the standard deviation, shows that the 

contrast size of normal breasts is higher than that of 

benign breasts and malignant breasts. The four attributes 

show that normal breasts can be identified based on the 

high contrast size on the entropy, mean and standard 

deviation attributes, while malignant breasts can be 

identified based on the high contrast size on the kurtosis 

attribute.  

Table 1. Gain ratio and average attribute value 

No 
Feature 
Attribute 

Gain 
Ratio 

Normal Benign Malignant 

1 Kurtosis 2,222 8,3457 ± 6716,870 6782,600 ± 5048,344 7909,785 ± 0,002 

2 Entropi 2,222 4828,800 ± 756,029 5236,860 ± 642,240 4926,660 ± 751,508 

3 Mean 2,222 69007,600 ± 25532,740 72365,800± 23408,290 83647,460 ± 11654,857 

4 
Standard 
deviation 

2,222 20720,200 ± 10,026 11948,130 ± 4977,100 10745,860 ± 5,630 

5 Variant 0,000 365962,300 ± 10,026 165888,530± 4977,100 149220,300 ± 130910,139 

6 Contras 0,000 0,062 ± 119,481 0,023 ± 0,008 0,017 ± 0,005 

7 Correlation 0,000 0,937 ± 0,031 0,817 ± 0,325 0,945 ± 0,0376 

8 Energy 0,000 0,511 ± 0,193 0,817 ± 0,208 0,610 ± 0,181 

9 Homogeneity 0,000 0,970 ± 0,021 0,988 ± 0,988 0,990 ± 0,002 

 10 Skewness 0,000 -526,081 ± 1812,276 -292,905 ± 1035,571 -416,258 ± 0,002 

      

  

(a) (b) 

 
 

(c) (d) 

Figure 3. Chart attribute of (a) Kurtosis, (b) Entropy, (c) Mean, and Standard deviation 
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Table 2 shows the results of a uniform confused 

matrix between normal images, benign images, and 

malignant images. Includes the value of TP (True 

Positive) which is a normal image detected as a normal 

image of 15, TN (True Negative) is a normal image 

detected as a benign and malignant image of 0, FP (False 

Positive) is a benign and malignant image detected as an 

image normal value is 30, and FN (False Negative) for 

benign and malignant images detected as benign and 

malignant images is 0. Likewise for the confused matrix 

results for benign and malignant images. 

The image classification in this study resulted in 

100% accuracy, sensitivity, and specification values. 

Compared with previous research by Setiawan and Putra 

[9] to classify normal and abnormal mammographic 

images based on texture characteristics using the K-

Means method with an accuracy value of 80%. Continued 

by Wisudawati [10] to classify benign and malignant 

tumors based on texture characteristics using the Support 

Vector Machine (SVM) method and yielding accuracy, 

sensitivity, and specificity values of 83,59%; 87,58%; 

and 76,84%. The results showed that the MLP method 

was able to classify textural features on mammographic 

images well, so that it could be used as a tool for doctors 

and medical experts to distinguish normal, benign and 

malignant cases. 

The image classification in this study resulted in 

100% accuracy, sensitivity, and specification values. 

Compared with previous research by Setiawan and Putra 

[9] to classify normal and abnormal mammographic 

images based on texture characteristics using the K-

Means method with an accuracy value of 80%. Continued 

by Wisudawati [10] to classify benign and malignant 

tumors based on texture characteristics using the Support 

Vector Machine (SVM) method and yielding accuracy, 

sensitivity, and specificity values of 83,59%; 87,58%; 

and 76,84%. The results showed that the MLP method 

was able to classify textural features on mammographic 

images well, so that it could be used as a tool for doctors 

and medical experts to distinguish normal, benign and 

malignant cases. 

4. CONCLUSION 

Breast mammography image classification has been 

carried out using 45 image data, consisting of 15 normal 

images, 15 benign images, and 15 malignant images 

based on texture characteristics by applying the MLP 

(Multi-Layer Perceptron) method. Classification using 

the MLP method produces an accuracy, sensitivity, and 

specification of 100% respectively. Therefore, this 

method can be used as a tool for medical experts and 

radiologists in the process of classifying mammographic 

images to distinguish normal, benign, and malignant 

breast cases. 
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ABSTRACT 

High blood sugar levels can lead to diabetes. High cholesterol levels result in uric acid due to the buildup of crystals. 

Preventive measures are needed to avoid blood sugar, cholesterol, and uric acid levels that are too high. The application 

of a telemedicine system by utilizing digital technology in exchanging medical information for monitoring, and early 

prevention of disease through the internet. This research method consists of 4 stages, namely tool design, tool 

manufacture, calibration test, and telemedicine system test. Calibration test was carried out on 5 samples by comparing 

this instrument with a standard instrument. The results showed that the correlation coefficient in the examination of 

blood sugar levels was 0,9282, cholesterol was 0,9614, and uric acid was 0,8548. There is great potential, because the 

correlation coefficient is ≥ 0,8. The results of testing the telemedicine system data transfer time on the Blynk application 

screen is 2,17 s. 

Keywords: Non-Invasive; Blood Sugar; Cholesterol; Uric Acid; Microcontroller Technology; Oximeter Sensor DS-

100A; Telemedicine. 

1. INTRODUCTION 

Diabetes is one of the major contributors to disability 

and death in non-communicable diseases. By 2020, it is 

estimated that more than 18 million people in Indonesia 

suffer from diabetes [1]. In addition to diabetes, 

cholesterol is also a contributor to non-communicable 

diseases and causes death. As explained by Riskesdas in 

2013, the number of the Indonesian population with 

hypercholesterolemia has reached 69,6% and 39% of 

them occur in women [25]. One of the main triggers of 

hypercholesterolemia is high levels of uric acid in the 

body. Excessive levels of uric acid can cause a buildup of 

uric acid crystals [5]. 

Checking blood sugar, cholesterol, and uric acid 

levels is generally carried out invasively or by pricking a 

finger and removing blood and carrying out chemical 

analysis with the help of disposable test strips. The effect 

of checking is pain and soreness, therefore, invasive 

techniques are considered ineffective because  direct 

contact with tissue can pose a risk of infection [22]. In 

addition, the inspection fee is quite expensive and 

contributes to medical waste [23]. 

The latest technology introduces non-invasive 

techniques as an alternative approach to measuring blood 

cholesterol levels by diagnosing the disease without 

harming the patient's body [24]. There is an opportunity 

to develop non-invasive measuring tools for blood sugar, 

cholesterol, and uric acid levels using red and infrared 

light absorption properties, one of which uses an 

oximeter sensor [2], [9]. This sensor was developed in the 

1970s and until now has been trusted as a measurement 

technique for oxygen saturation for non-invasive 

methods. 

The pulse oximeter principle is to calculates oxygen 

saturation based on the amount of light transmitted or 

reflected by a blood vessel and synchronizes it with the 

heartbeat based on optical plethysmography [14], [17]. 

The name pulse oximetry comes from the waveform 

formed by the light modulated by the arterial pulse [15]. 

The oxygenometer sensor uses light to measure oxygen 

saturation. In other words, it detects and quantifies the 

components (hemoglobin) in solution [16]. This process 

is done by connecting a transducer, including a illuminant 

and a photodetector, to a blood-flowing area such as a 

fingers, toes, or ear lobes. The optical sensor consists of 
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two light sources and one detector. Red (660 nm) and 

infrared (IR) (880-940 nm) are commonly used 

wavelengths for SpO2 calculations [18]. The light 

reflected from the sensor passes a signal processing 

module is processed by a Arduino Uno and converted to 

digital data by an analog-to-digital converter (ADC) [20], 

[21]. 

Telemedicine is the implementation of the use of 

digital technology to provide convenience in the 

exchange of medical information for monitoring, 

diagnosis, and early disease prevention. Previous 

research using an oximeter sensor to measure blood sugar 

levels resulted in an accuracy of 95,13% [10]. Making a 

monitoring system with an oximeter sensor that is 

reflected in measuring blood sugar, cholesterol and uric 

acid levels using a GY Max 30100 sensor and making a 

web server for recording patient measurement history as 

medical records, accuracy of measurement is 97,13% 

[12]. The manufacture of a measuring instrument by 

Nurmar’atin [11] related to cholesterol levels in a non-

invasive manner by utilizing the absorption properties of 

the Oximeter DS-100A sensor to determine changes in 

voltage through red LED light. The results of testing the 

tool obtained an accuracy of 82,76%. In this study, the 

oximeter sensor is transmitted to detect blood sugar, 

cholesterol, and uric acid levels which can be accessed 

remotely to facilitate simultaneous and real-time 

measurements, making it more efficient and reducing 

medical waste. 

2. METHOD 

This research is a type of Research and Development 

(RnD). RnD is a research method used to produce and 

test the effectiveness of certain products [19]. The sample 

in this study were people with an age range of 20-60 

years, both male and female. The number of samples 

taken was 5 random samples for tool calibration. 

Figure 1 Research Flowchart. 

The procedure in this study is shown in Figure 1. The 

process of measuring blood sugar, cholesterol, and uric 

acid levels on the fingers using the DS-100A oximeter 

sensor utilizing the absorption of red and infrared LED. 

Powerbank provides voltage to all transmitter circuits 

after turning on the tool. The data is processed by the 

Arduino Uno, then transfer to the Blynk app using 

NodeMCU. The data can be accessed directly via 

Android and displayed on a 20x4 LCD. 

The next step is an instrument calibration  is 

performed to obtain a linear equation (y = a + bx) and a 

value of the correlation coefficient (R2), where y is the 

value of blood sugar, cholesterol and urine output. Acid 

concentration is measured with a standard Autocheck 

3in1 measuring instrument, x is the ADC value of the 

non-invasive measuring instrument, a and b are  constants 

of the straight-line equation. A linear equation was 

obtained from a simple linear regression using Microsoft 

Excel software between ADC values and blood sugar, 

cholesterol, and uric acid. A linear equation is used to 

convert the ADC value to blood sugar, cholesterol, and 

uric acid. The correlation coefficient is used to determine 

how closely the ADC value is associated with blood 

sugar, cholesterol, and uric acid levels. If the correlation 

coefficient is 0.8, then the degree of relationship between 

the noninvasive measure and the standard measure is 

very strong. 

The final step is to test the telemedicine system for 

the purpose of checking the blynk application's response 

when receiving data from the NodeMCU 8266 Wifi 

module. The data collection is performed up to 10 times 

to check the data transfer rate of  the wifi module and the 

response given by the Blynk app. The test is done by 

looking at the data display on Blynk app. If the data 

displayed on the LCD can appear in the Blynk app with 

the same value, the system can function normally.  

3. RESULTS AND DISCUSSION 

Figure 2 shows a comparison of the data collection 

process on a random sample using a non- invasive 

prototype of a telemedicine system and an invasive 

standard tool. Data retrieval using the DS- 100A oximeter 

sensor prototype was carried out by inserting a finger in 

the finger sensor for approximately 6 seconds so that the 

device was stable. While data collection using standard 

tools is done by inserting a lancet needle on the tip of the 

finger of the sample.  

Measurement of blood sugar levels utilizes infrared 

properties, while cholesterol and uric acid uses 

absorption properties of red light. Figure 3 shows the 

relationship between the average ADC value in the 

infrared and blood sugar levels in 5 random samples. The 

straight line equation obtained is y = -0,1087x + 157,21 

while the correlation coefficient is R2 0,9282. The linear 

relationship between ADC in infrared and blood sugar 
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levels is inversely proportional, so the higher the blood 

sugar level in the blood, the lower the infrared value, and 

vice versa. This straight-line equation is the formula for 

converting the ADC value into the value of blood sugar 

levels on this tool. The value of R2 in the infrared shows 

a very strong relationship, namely ≥ 0,8. 

 

 

(a) 

 

(b) 

Figure 2 The process of collecting data on random 

samples on (a) a prototype telemedicine system using 

a DS-100A oximeter sensor, and (b) a standard 3 in 1 

autocheck tool. 

 

Figure 3 Graph of the relationship between ADC values 

in infrared and blood sugar levels in 5 random samples. 

The value of ADC with infrared light is inversely 

proportional, meaning that the higher the value of 

infrared light that is absorbed, the higher the level of 

sugar in the blood. Conversely, the lower the blood sugar 

level in the blood, the higher the infrared light that can be 

detected by the photodiode after passing through the 

fingertip [6]. Elgendi [4] revealed that an increase in 

blood concentration occurs due to high blood sugar 

levels, only a small portion of the light that passes 

through the fingertips and is detected by the photodiode. 

The magnitude of the light absorption value is 

proportional to the concentration of the substance, this is 

in accordance with Beer Lambert's law [13]. 

 

Figure 4 Graph of the relationship between ADC values 

in red light and cholesterol levels in 5 random samples. 

Figure 4 shows the relationship between the average 

value of ADC on red light and blood cholesterol in 5 

random samples. The straight line equation obtained is y 

= 0,1333x + 86,775 while the correlation coefficient is R2 

= 0,9614. The linear relationship between ADC in red 

light and cholesterol levels is directly proportional, so the 

higher cholesterol level in the blood, the higher the value 

of red light. This straight-line equation is the formula for 

converting the ADC value into the cholesterol level value 

in this tool. The value of the correlation coefficient R2 in 

red light shows a very strong relationship, namely ≥ 0,8. 

 

 

Figure 5 Shows the relationship between the average 

ADC value on red light and uric acid levels in 5 random 

samples. 

Figure 5 shows the straight line equation obtained is 

y = 0,0117x + 2,1474 while the correlation coefficient is 

R2 = 0,8548. The linear relationship between ADC in red 

light and uric acid levels is directly proportional, so the 

higher the uric acid level in the blood, the higher the red 

light value. This straight-line equation is the formula for 

converting the ADC value into the uric acid level value 

in this tool. The value of determination in red light shows 

a very strong relationship, namely ≥ 0,8. 
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Research by Duckers and Serruys [3] shows that high 

uric acid levels can increase levels of bad LDL 

cholesterol, triglycerides, and other blood fats. The levels 

of uric acid and bad LDL cholesterol in the blood have a 

low density and low absorption rate. Thus, the level of 

absorption of red light is directly proportional to the level 

of uric acid, which means that the higher the absorption 

of red light, the value of the measured uric acid level will 

be greater and vice versa. This mechanism proves that the 

transmission intensity value is directly proportional to the 

total substance concentration [11]. 

Figure 6 Screen display on the prototype LCD of the tool, 

and the blynk application. 

The results of the telemedicine system test shown in 

Figure 6 show that all the data that appears on the 

prototype LCD screen can be displayed in the Blynk 

application. The data transfer rate from nodeMCU to 

Blynk app generates the highest time being 2,97 seconds 

and the lowest is 1,38 seconds with an average time is 

2,17 seconds. The delay occurs also due to the internet 

connection with  long PING (Packet Internet Gopher). 

In accordance with previous research succeeded in 

utilizing light absorption values to detect blood sugar, 

cholesterol, and uric acid levels with high accuracy [2], 

[7]-[8], [11]. This shows that the telemedicine system 

using the DS-100A oximeter sensor and the Blynk 

application has great potential for implementing a 

telemedicine system in remote monitoring in real-time 

measuring blood sugar, cholesterol, and uric acid levels 

as an early effort to prevent disease. 

4. CONCLUSION 

A telemedicine system for detecting blood sugar, 

cholesterol, and uric acid levels using the DS-100A 

sensor oximeter based on the Blynk application with real-

time results has been successfully developed. Calibration 

of the prototype tool was carried out on 5 random 

samples, the correlation coefficient value was 0,9581 for 

blood sugar levels, 0,9614 for cholesterol, and 0,8548 for 

uric acid. This shows that the relationship is linear and 

very strong because the correlation coefficient is ≥ 0,8. 

The telemedicine system can appear data to the Blynk 

app at the average time of 2,17 seconds. This shows that 

the telemedicine system using the DS-100A oximeter 

sensor and the Blynk application has great potential for 

implementing telemedicine systems in real-time remote 

monitoring of measuring blood sugar, cholesterol, and 

uric acid levels as an early effort to prevent disease. 
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ABSTRACT 

Neutrinos in the Standard Model are assumed to be massless. However, several experiments in the field of particle 

physics have shown that neutrinos have mass. Therefore we need a new model that can explain the neutrino mass. The 

proposed model is a minimal extension of the Standard Model with the gauge group 𝑆𝑈(2) ⊗ 𝑈(1) ⊗ 𝑍2 by adding a 

new particle, namely the right-handed neutrino (𝜈𝑅). In this model, there are three scalar fields, namely 𝜙, 𝜂, dan 𝜙𝑠. 

The research results show that the mass of charged lepton and quark are generated by Yukawa coupling between the 

Higgs doublet and the fermion. Meanwhile, the neutrino mass can be generated using the type-I seesaw mechanism. 

Based on the type-I seesaw mechanism, two neutrino masses are obtained, namely a very massive neutrino 𝑚𝑁 =

2𝐺𝜈𝜐𝜙𝑠
 and a light neutrino 𝑚𝜈 = −

𝐺𝜈𝜐𝜂
2

2𝜙𝑠
.  

Keywords: Standard Model; minimal extension of Standard Model; neutrino mass; seesaw mechanism. 

1. INTRODUCTION 

The Standard Model of particle physics is a theory 

that can unite three interactions in the universe, namely 

electromagnetic, weak and strong interactions [1]. The 

Standard Model predicts a boson with a neutral charge 

and is responsible for generating masses of elementary 

particles called the Higgs boson. Particle physicists try to 

detect the existence of the Higgs boson. Finally, in 2012, 

the ATLAS team found a particle with a mass of 126 GeV 

that was confirmed as a Higgs boson particle [2]. 

The Standard Model is said to be incomplete because 

it cannot explain several things, including the difference 

in mass of the three generations of leptons and quarks[3], 

the problem of dark matter[4], the existence of baryon 

imbalances in the universe [5], and cannot predict the 

mass of neutrinos [6]. 

One of the shortcomings of the Standard Model is that 

it cannot predict the mass of the neutrino. Neutrinos, as 

one of the Standard Model's elementary particles, are 

particles with no charge. Wolfgang Pauli first introduced 

the neutrino in 1930 through beta decay experiments. 

Neutrinos in the Standard Model are assumed to be 

massless because there are only left-handed neutrinos. 

However, the results of investigations by Kamiokande, 

Super Kamiokande and several other neutrino detectors 

show that neutrinos have mass [7] Therefore, particle 

physicists try to extend the Standard Model. 

There  are several extension models from the 

Standard Model with extensions in the Higgs sector such 

as Left-Right Symmetry[8], Modified Left-Right 

Symmetry [9], Mirror Model[10] and and Minimal 

Extension of the Standard Model. One of the extensions 

of the Standard Model is a minimal extension of Standard 

Model by adding the right-handed singlet neutrino (𝜈𝑅) 

[11]. In this model, there are two doublet scalar fields, 

namely the scalar field Φ  and scalar field 𝜂  and one 

singlet, namely the scalar field Φ𝑠. 

Using the previously proposed model [11], this 

research will discuss the mass generation of fermions, 

namely electron and quarks (up and down) through the 

Yukawa lagrangian and the mass generation of neutrinos 

using a type-I seesaw mechanism 

2. THE YUKAWA LAGRANGIAN 

The Yukawa Lagrangian can generate the masses of 

electrons, quark-up and quark-down. By constructing the 

most common Yukawa Lagrangian in the minimal 

extension of the Standard Model, given in Equation (1) 

. 𝐿𝑌 = −𝐺1𝑙𝐿Φ𝑒𝑅 − 𝐺2𝑙𝐿𝜂𝑐𝜈𝑅 − 𝐺3𝜈𝑅
𝑐

𝛷𝑠𝜈𝑅 
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        −𝐺4𝑞
𝐿

𝛷𝑑𝑅 − 𝐺5𝑞
𝐿

𝛷𝑐𝑢𝑅 + ℎ. 𝑐                      (1) 

where 𝜂𝑐 ≡ −𝑖𝜏2𝜂∗, 𝛷𝑐 ≡ −𝑖𝜏2𝛷∗ , and the various 

coefficients G are the coupling constants of Yukawa 

interaction. Equation (1) contains terms that can generate 

electron (e), quark-up (u) and quark-down (d) masses, 

namely the words 𝐺1𝑙𝐿𝛷𝑒𝑅 , 𝐺5𝑞
𝐿
𝛷𝑐𝑢𝑅 , 𝐺4𝑞

𝐿
𝛷𝑑𝑅 

respectively. The scalar field 𝜙  acquires VEV and 

expands around VEV. The expanded form of the scalar 

field 𝜙 is shown in Equation (2) 

 

𝛷 =
1

√2
(

0
𝜐𝜙 + ℎ𝜙

)                                (2) 

The Equation (2) is substituted to terms that can generate 

mass of electrons (e), quark-up (u) and quark-down (d), 
so the Lagrangian of each particle is shown in Equation 

(3a-3c) 

 

𝐿𝑒 = −𝐺𝑒

√2
𝜐𝜙(�̅�𝐿𝑒𝑅 + �̅�𝑅𝑒𝐿) − 𝐺𝑒

√2
ℎ𝜙(�̅�𝐿𝑒𝑅 + �̅�𝑅𝑒𝐿)     (3a) 

𝐿𝑢 = −𝐺𝑢

√2
𝜐𝜙(�̅�𝐿𝑢𝑅 + �̅�𝑅𝑢𝐿) − 𝐺𝑢

√2
ℎ𝜙(�̅�𝐿𝑢𝑅 + �̅�𝑅𝑢𝐿) (3b) 

𝐿𝑑 = −𝐺𝑑
√2

𝜐𝜙(�̅�𝐿𝑑𝑅 + �̅�𝑅𝑑𝐿) − 𝐺𝑑
√2

 ℎ𝜙(�̅�𝐿𝑑𝑅 + �̅�𝑅𝑑𝐿)(3c) 

so that the fermion mass is shown in Equation (4a-4c) 

𝑚𝑒 =
𝐺𝑒

√2
𝜐𝜙              (4a) 

𝑚𝑢 =
𝐺𝑢

√2
𝜐𝜙             (4b) 

𝑚𝑑 =
𝐺𝑑

√2
𝜐𝜙                           (4c) 

namely the mass of electrons, quark-up and quark-down, 

respectively. The fermion mass formula obtained in this 

study was in accordance with the Standard Model 

[12][13]. 

3. NEUTRINO MASS GENERATION 
There is a way to generate neutrino mass, namely the 

type-I seesaw mechanism by introducing a right-handed 

neutrino [10]. The Lagrangian term for the seesaw 

mechanism is generally shown in Equation (5) 

𝐿 = −𝜈𝐿𝑚𝐷𝜈𝑅 −
1

2
𝜈𝑅

𝑐
𝑀𝜈𝑅 + ℎ. 𝑐  (5) 

Based on Equation (1) can be obtained that the 

Lagrangian form contains the same terms as Equation (5), 

which is shown by Equation (6) 

𝐿𝑌𝜈
= −𝐺2𝑙𝐿𝜂𝑐𝜈𝑅 − 𝐺3𝜈𝑅

𝑐
𝛷𝑠𝜈𝑅 + ℎ. 𝑐 (6) 

The scalar field  𝜂  and the scalar field Φ𝑠  get their 

respective VEV and are expanded around the VEV. The 

expansion form of the scalar field 𝜂  and the scalar field  

Φ𝑠 is shown in Equation (7)  

 𝜂 ≡
1

√2
(

0
𝜐𝜂 + ℎ𝜂

),        𝛷𝑠 ≡ (𝜐𝜙𝑠
+ ℎ𝜙𝑠

)         (7) 

After the expansion, the neutrino mass term will be 

obtained which is shown in Equation (8) 

𝐿𝑌𝜈
= −

𝐺𝜈

√2
𝜐𝜂𝜈𝐿𝜈𝑅 −

𝐺𝜈

√2
𝜐𝜂𝜈𝑅𝜈𝐿 − 𝐺𝜈𝜐𝜙𝑠

𝜈𝑅
𝑐

𝜈𝑅 

            −𝐺𝜈𝜐𝜙𝑠
𝜈𝑅𝜈𝑅

𝑐                                                 (8) 

The Lagrangian in Equation (8) can be rewritten in the 

form of a matrix shown in Equation (9) 

𝐿𝑌𝜈
= −

1

2
(𝜈𝐿 𝜈𝑅

𝑐 ) (
0

𝐺𝜈

√2
𝜐𝜂

𝐺𝜈

√2
𝜐𝜂 2𝐺𝜈𝜐𝜙𝑠

) (
𝜈𝐿

𝑐

𝜈𝑅
) + ℎ. 𝑐     (9) 

Based on Equation (9) we get the neutrino mass matrix  

𝑀 = (
0

𝐺𝜈

√2
𝜐𝜂

𝐺𝜈

√2
𝜐𝜂 2𝐺𝜈𝜐𝜙𝑠

)                    (10) 

where 𝑚𝐷 =
𝐺𝜈

√2
𝜐𝜂  is the mass of Dirac and 𝑚𝑅 =

2𝐺𝜈𝜐𝜙𝑠
 is the mass of Majorana. 

The neutrino mass can be obtained by diagonalizing 

the neutrino mass matrix in Equation (10), and the 

diagonalized matrix is shown in Equation (11) 

�̃� = (

2𝐺𝜈𝜐𝜙𝑠
0

0 −
𝐺𝜈𝜐𝜂

2

2𝜐𝜙𝑠

)              (11) 

If the diagonalized matrix in Equation (11) is put back 

into the neutrino lagrangian in Equation (8), then it 

becomes the lagrangian shown in Equation (12) 

𝐿𝑌𝜈
=

−1

2(𝑚𝑅
2 + 𝑚𝐷

2 )
(𝑚𝐷𝜈𝐿 + 𝑚𝑅𝜈𝑅

𝑐
𝑚𝑅𝜈𝐿 − 𝑚𝐷𝜈𝑅

𝑐 ) 

(

2𝐺𝜈𝜐𝜙𝑠
0

0 −
𝐺𝜈𝜐𝜂

2

2𝜐𝜙𝑠

) (
𝑚𝐷𝜈𝐿

𝑐 + 𝑚𝑅𝜈𝑅

𝑚𝑅𝜈𝐿
𝑐 − 𝑚𝐷𝜈𝑅

) + ℎ. 𝑐        (12) 

The new base shown in Equation (13) 

𝑁 = 𝑚𝐷𝜈𝐿 + 𝑚𝑅𝜈𝑅
𝑐
    a) 

𝜈 = 𝑚𝑅𝜈𝐿 − 𝑚𝐷𝜈𝑅
𝑐
            (13b) 

Based on Equation (11) we get two neutrino masses in 

the minimal expansion of the Standard Model which are 

shown in Equations (14) and (15) 

𝑚𝑁 = 2𝐺𝜈𝜐𝜙𝑠
               (14) 

𝑚𝜈 = −
𝐺𝜈𝜐𝜂

2

2𝜐𝜙𝑠

            (15) 

The neutrino mass 𝑚𝑁 is massive. This value of neutrino 

mass 𝑚𝑁 is derived from the VEV of the scalar field Φ𝑠. 

At the same time, the neutrino mass is minimal 

because the VEV value of the scalar field is Φ𝑠 is 

greater than the VEV value of the scalar field 𝜂  (𝜐𝜙𝑠
>

𝜐𝜂 ) and this indicates a light neutrino mass. The 

described mechanism is not much different from the 

ISSN 2985-5721

Proceeding of International Conference of Education, Sciences, Technology, Engineering, & Mathematics



  

39 

 

type-I seesaw mechanism in references [14]. The 

difference here is that the mass value of the neutrino 

comes from the VEV of the scalar field 𝜂 and the scalar 

field Φ𝑠. 

4. CONCLUSION 

A minimal extension of the Standard Model is a 

model that extends the Standard Model. Yukawa 

coupling between the Higgs doublet and fermions 

generated the mass of electrons and quarks up-down, and 

the results followed the Standard Model. Meanwhile, the 

neutrino mass is generated through the type-

I seesaw mechanism, which obtains two neutrino masses, 

namely the neutrino mass, which has a massive value and 

the neutrino mass, which has a light mass. 
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ABSTRACT 

The purpose of this research is to design an instrument for physics practicum, namely air cooling that can be accessed 

by the practitioner from home by simply opening the smartphone application. This research is an R&D research through 

three stages, namely: hardware design, software design and tool testing. The development of this air cooling practicum 

tool consists of two parts, hardware in the form of practicum tools which will later be placed in the laboratory and 

software in the form of a blynk application on  a smartphone that will be used to conduct practicum remotely. Practicum 

is done with the instruments that have been made. The practitioner only needs the blynk application, then enter the 

username and password. As a result, it is known that the development of the tool has been carried out, the tool has 

worked well, namely it can control the tools in the laboratory, turn on and turn off the electric stove, can display the 

tools in the laboratory because there is an IP Camera and data on the increase and decrease in air temperature can also 

be displayed on the blynk application on smartphone. 

Keywords: Practicum; Water Cooling; IoT; Blynk. 

1. INTRODUCTION 

Physics is a collection of science that discusses 
matters relating to natural phenomena. Simply put, 
physics is simplifying the regularities in nature into 
mathematical equations [1]. In learning physics 
there is a teaching method called practicum. 
Practicum is usually carried out by conducting an 
experiment with the aim of proving an existing 
theory, by going through the stages, observing an 
object, state or process of something [2,3]. 

Practicum has its own advantages compared 
to other learning methods because students directly 
conduct experiments which must go through 
various stages based on scientific method 
procedures. Practicum also increases students' skills 
and experience and increases student's interest in 
learning both individually and in groups [3].  Water 
cooling practicum is one of the materials in basic 
physics practicum. In the practice of cooling water, 
Newton's law of cooling applies. The water cooling 
practicum is carried out by measuring the 
temperature drop on the material that has been 
provided frequently. Temperature measurement 
requires high accuracy, so tools and materials as 
well as measurement accuracy are very important 
[4]. 

During a pandemic like now, it is very 
impossible for students to do practical work directly 
because universities are still doing online learning. 
Students cannot do practicum directly and it is not 
possible for each student to buy their own 
practicum equipment because it will definitely 
burden the students who do the practicum. To deal 
with this problem, the campus needs an instrument 
that can be used by students where the instrument 
is not burdensome for students and can be accessed 
by students from home. 

Technological progress is currently very 
rapid, where technology has advanced in many 
aspects such as education, health, agriculture and 
others. The advancement intends to produce and 
research cutting-edge technologies to make life 
easier for people. The Internet of Things (IoT) is also 
one of them [5].  IoT is a technology developed by 
humans where the technology can connect all 
humans in the world, which only requires an 
internet connection. Simply put, IoT can be said as 
an internet network that connects various objects to 
exchange information quickly, easily and efficiently 
[6,7]. 

One of the technologies that can be used for 
the development of IoT is a microcontroller. 
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Microcontroller is a microchip that performs digital 
data processing in response to commands given in 
a programming language. Devices as intelligent as 
computers can be built at a much lower cost by 
utilizing this microcontroller. The use of transducer 
sensors and microcontrollers is closely related to 
technology. Microcontroller technology has 
advantages, one of which can be used as a 
measuring tool as well as digital automation with 
an LCD panel [8]. 

NodeMCU is one of the microcontroller 
technologies in IoT development, it is widely used 
because this module is equipped with an internet 
network and the price is cheap. NodeMCU ESP8266 
uses the Lua programming language and uses the 
Arduino IDE programming language for 
programming [10]. In science, IoT has been widely 
used to facilitate daily activities, such as research 
conducted by Hariyanto (2020) on the design of 
temperature, air humidity and soil monitoring 
devices for greenhouses using the Internet of 
Things (IoT) based NodeMCU microcontroller, 
which was obtained the results of a tool that can be 
used to control temperature, air humidity and soil 
where the tool can be accessed via a smartphone. 
The implementation of IoT was also carried out by 
Agung (2020) regarding the design of a robot for 
detecting sulfur dioxide and carbon monoxide gas 
levels for exploration of Ijo Crater, Gedong Songo 
Temple Tourism Object based on the Internet of 
Things IoT using the Blynk app. 

Based on the explanation above, the 
researcher will develop an IoT-based water cooling 
practicum tool, where later the practicum tool will 
be placed in the laboratory and the practitioner 
simply downloads the blynk application to do the 
practicum. The practicum tool developed using 
NodeMCU as the microcontroller, using the DHT11 
sensor as a room temperature detector, using the 
DS18B20 sensor as a water sample temperature 
gauge, using IPCam Ezviz C1C as a screen recorder 
which will later be displayed on the blynk 
application, using Relay as a control on/off system, 
solenoid and electric stove as well as a 16x2 LCD to 
display room temperature and water temperature. 

2. METHODS 

The materials used in this research are 3 relays, 1 

IP camera, 1 selenoid and 2 ds18b20 temperature sensors. 

The software used in this research is arduino ide 1.8.10 

to create, open, and edit programs that will be inserted 

into the NodeMCU board and the Blynk application to 

create instrument interfaces with smartphones. Broadly 

speaking, this research is divided into several stages, 

namely instrumentation system design, testing, and data 

collection. In general, the system design to be made is 

shown in the block diagram in Figure 1. 

 

Figure 1 System Block Diagram 

The design of the system that is built includes 
reading parameters, processing, sending data 
through the Blynk server and then displaying it on 
the Blynk application. At the parameter reading 
stage, the sensor reads the physical parameters and 
converts them into electrical quantities (analog 
signals). Analog signals are converted into digital 
signals using the NodeMCU processor. The digital 
value of the conversion result will be displayed on 
the LCD, then the data will be sent to the application 
interface in the Blynk software via a wireless 
network using a wifi network and the measurement 
results will be displayed in the Blynk application. In 
addition, the schematic of the monitoring 
instrumentation system circuit is shown in  Figure 
2. 

 

Figure 2 Circuit Schematic 

Figure 2 shows that: (1) 16x2 character LCD, 
(2) NodeMCU, (3) IP Camera, (4) Selenoid, and (5) 
DS18B20 temperature sensor module (6) Electric 
Stove, (7) DHT11 temperature sensor module. 
Figure 2 is a schematic of the monitoring 
instrumentation system circuit. In the application 
there is a display of temperature readings from the 
Ds18b20 sensor, DHT11 sensor readings, streaming 
display from IP cameras and instrument control 
from 3 relays. In this system there are 12 NodeMCU 
pins that are used together with 2 power pins, 
namely VCC and GND. The 10 Arduino pins used 

Proses 

Input 

Out 
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are pins D0, D1, D2, D3, D4, D5, D6, D7, D10, and 
A0. Pins D1 and D2 are the pins used to 
communicate between the NodeMCU and the 16x2 
character LCD. The D3 pin is used to communicate 
between the NodeMCU and the DHT11 Module. 
While the D4C and D5 pins are the pins used to 
communicate between the NodeMCU and the 
DS18B20 sensor. 

3. RESULT AND DISCUSSION 

The NodeMCU-based water cooling practicum 

instrumentation system has been realized with the 

results shown in Figure 3. 

 

Figure 3 NodeMCU-based water cooling practicum 

instrumentation system 

This study aims to develop an IoT-based water 

cooling practicum tool, where later the practicum tool will 

be placed in the laboratory and the practitioner simply 

downloads the blynk application to do the practicum. The 

practicum tool developed using the Node-MCU as the 

microcontroller, using the DHT11 sensor as a room 

temperature detector, using the DS18B20 sensor as a 

water sample temperature gauge, using IPCam Ezviz C1C 

as a screen recorder which will later be displayed on the 

blynk application, using Relay as an on-line control. /off 

system, solenoid and electric stove as well as a 16x2 LCD 

to display room temperature and water temperature. 

From Figure 3 it can be seen that the system 

configuration of this security system consists of input, 

process and output. From the input side, it is the value 

obtained from the sensor and transducer detection results. 

The first input comes from the DHT11 sensor, which 

functions to detect the room temperature which will later 

be displayed on the 16x2 LCD and smartphone 

applications. The second input comes from the 

DS18B20_1 sensor, which functions to detect the 

temperature of the water in the beaker being measured 

which will later be displayed on the 16x2 LCD and 

smartphone applications. The third input comes from the 

DS18B20_2 sensor, which functions to detect the 

temperature of the water in the beaker being measured 

which will later be displayed on the 16x2 LCD and 

smartphone application. The fourth input comes from the 

relay, serves to control the system, electric stove, solenoid 

valve which will later be used as a control on the 

smartphone application, the fifth input comes from the IP 

Camera, serves to display the course of the practicum in 

the form of ongoing video streaming, which will later 

displayed on the smartphone application. Meanwhile, 

from the output side, there are four outputs in the design 

of the water cooling practicum tool that is made, namely 

displaying the results of temperature measurements on a 

16x2 LCD, operating instruments such as on system, 

electric stove and solenoid valve on smartphone 

applications, displaying real video streaming originating 

from from the IP Camera on the smartphone application. 

and displays sensor detection results in real time on a 

smartphone application. 

Software Implementation 

 

Figure 4 Software Implementation 

Instrument Testing 

Table 1. Comparison of DS18B20(1) Temperature and 

Mercury Thermometer 

No 
Temp (T)°C 

Dev ( δTi)2 
Dev Square 

( δTi )2 Analog Dig Ti temp 

1 30 29 1.4 0.1 0.01 

2 31 29 1.6 0.3 0.09 

3 31 30 1.5 0.2 0.04 

4 31 30 1.4 0.1 0.01 

5 31 30 1.3 0.0 0.0 

6 32 30 1.4 0.1 0.01 

7 32 31 1.2 -0.1 0.01 

8 33 32 1.0 -0.3 0.09 

9 33 32 1.1 -0.2 0.04 

10 34 33 1.1 -0.2 0.04 

Amount 13.8 12.42 0.34 
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Table 2. Temperature Comparison of DS18B20(2) and 

Mercury Thermometer 

No 
Temp (T)°C 

Dev ( δTi)2 
Dev Square 

( δTi )2 Analog Dig Ti temp 

1 30.0 28.6 1.4 0.1 0.01 

2 31.0 29.7 1.6 0.3 0.09 

3 31.7 30.3 1.5 0.2 0.04 

4 31.0 29.6 1.4 0.1 0.01 

5 33.0 31.9 1.3 0.0 0.00 

6 32.0 30.8 1.4 0.1 0.01 

7 31.0 29.5 1.2 -0.1 0.01 

8 31.0 29.4 1.0 -0.3 0.09 

9 32.5 31.5 1.1 -0.2 0.04 

10 34.0 32.9 1.1 -0.2 0.04 

Amount 13.0  0.34 

 

Table 3. Comparison of DHT11 Temperature and 

Mercury Thermometer 

No 
Temp (T)°C 

Dev ( δTi)2 
Dev Square  

( δTi )2 Analg Dig Ti temp 

1 30 29 1.4 0.1 0.01 

2 31 29 1.6 0.3 0.09 

3 31 30 1.5 0.2 0.04 

4 31 30 1.4 0.1 0.01 

5 31 30 1.3 0.0 0.00 

6 32 30 1.4 0.1 0.01 

7 32 31 1.2 -0.1 0.01 

8 33 32 1.0 -0.3 0.09 

9 33 32 1.1 -0.2 0.04 

10 34 33 1.1 -0.2 0.04 

Amount 13.8 12.42 0.34 

 

Table 4. Control Test Results Through Smartphone 

No 
Status Control 

Button 
 Relay Status  

Instrument 

Status 

1 A B C A B C A B C 

2 ON OFF OFF ON OFF OFF ON OFF OFF 

3 ON ON OFF ON ON OFF ON ON OFF 

4 OFF OFF ON OFF OFF ON OFF OFF ON 

5 OFF ON ON OFF ON ON OFF ON ON 

Information: A: Electric stove; B: Solenoid Valve; and 

C: System 

 

Table 5. IP Camera Testing 

No Test Type    Status IP Camera 

1 
Connect IP Camera 

with Wifi 
IP Camera can connect. 

2 

Connecting IP Camera 

with app camera 

default 

IP Camera can connect 

3 
Show streaming Video 

in app Default 
IP Camera can display 

4 

Show streaming video 

with rtsp method on 

computer 

IP Camera can display 

video streams with rtsp 

method in vlc player. 

5 

Displays streaming 

video with the rtsp 

method in the blynk 

application. 

IP Camera can display 

video stream with rtsp 

method in Blynk app 

 

Research result 

Table 6. 150 ml Beaker Glass Experiment Data 

No T(oC) t (s) ln (Tt-TR) ln (T0-TR) 𝛂 

1 55 120 3.33220 3.33221 0.00000 

2 53 240 3.25810 3.33220 0.00031 

3 52 360 3.21888 3.33220 0.00031 

4 51 480 3.17805 3.33220 0.00032 

5 49 600 3.09104 3.33220 0.00040 

6 48 720 3.04452 3.33220 0.00040 

7 47 840 2.99573 3.33220 0.00040 

8 46 960 2.94444 3.33220 0.00040 

9 45 1080 2.89037 3.33220 0.00041 

10 44 1200 2.83321 3.33220 0.00042 

 

 

Figure 5 Temperature Drop Graph 

The practicum tools that have been made are 
made of iron trellis. The instrument that has been 
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made has 3 principles, namely input, process and 
output. From the input side, it is the value obtained 
from the sensor and transducer detection results. 
The first input comes from the DHT11 sensor, which 
functions to detect the room temperature which will 
later be displayed on the 16x2 LCD and smartphone 
applications. The second input comes from the 
DS18B20_1 sensor, which functions to detect the 
temperature of the water in the beaker being 
measured which will later be displayed on the 16x2 
LCD and smartphone applications. The third input 
comes from the DS18B20_2 sensor, which functions 
to detect the temperature of the water in the beaker 
being measured which will later be displayed on the 
16x2 LCD and smartphone application. The fourth 
input comes from the relay, which functions to 
control the system, electric stove, solenoid valve 
which will later be used as a control on the 
smartphone application. The fifth input comes from 
the IP Camera, which functions to display the course 
of the practicum in the form of an ongoing video 
streaming, which will be displayed later. on a 
smartphone application. 

Meanwhile, from the output side, there are four 
outputs in the design of the water cooling practicum 
tool that is made, namely the display of temperature 
measurement results on the 16x2 LCD, operating 
instruments such as on system, electric stove and 
solenoid valve on smartphone applications, 
displaying real video streaming originating from 
from the IP Camera on the smartphone application. 
and display sensor detection results in real time on 
the smartphone application. 

Based on DHT11 sensor testing, Ds18B20 
sensor testing and IPCamera testing, all instrument 
components have been made to be used as practical 
tools. Then in the practical experiment of cooling 
water that has been made using a 150 ml measuring 
cup. Then it is obtained from data that the rate of 
decrease in the temperature of a water is 
proportional to the ambient temperature, the longer 
the time the greater the temperature drops. 

4. CONCLUSION 

The design of the Real Laboratory for this water 
cooling practicum is the development of a physics 
practicum tool. This instrument is very helpful for 
students in carrying out physics practicum on water 
cooling material, because students simply open the 
smartphone application and then can carry out the 
practicum from home, students can see the shape of 
the practicum instrument because it is displayed in 
the application and students can also control the 
instrument via a smartphone as long as it is 

connected to the internet. The instrumentation 
system for water cooling practicum learning media 
has been realized and can run well. In the blynk 
application, screen recordings from IP cameras can 
be displayed, room temperature readings from the 
DHT11 sensor, temperature readings for sample 1 
from the DS18B20(1) sensor, temperature readings 
for sample 2 from the DS18B20(2) sensor, and relay 
control that comes from 3 relays. Readings from the 
DHT11 sensor obtained an average measurement 
error of 9.06%, so that the average accuracy value of 
DHT11 was 90.94%. Calibration of temperature 
measurements was carried out using a DS18B20 
calibrator with a temperature measurement scale 
between 20-60 °C, an average measurement error of 
0.29% was obtained, so that the average acquisition 
value of the DS18B20 sensor was 99.71%. 
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ABSTRACT 

Singularity is a condition when the distribution of mass and energy is concentrated in a place that reaches its 

maximum limit with unsustainable curvature of space-time and results in a hole. The method used to find singularities 

here is a literature study, that is by transforming the Schwarzschild metric form into WLP metric form, and calculating 

Christoffel symbols, Riemannian tensors and Kretschmann scalars. The results of the research with limitations 𝜃 = 0 

and 𝜔 = 0 are that there is a real singularity when 𝑧 = −𝑚 and a pseudo singularity occurs when 𝑧 = 𝑚. If returned 

to the Schwarzschild metric, it corresponds to the state of the singularity in that metric. 

Keywords: Singularitys; Schwarzschild; Weyl-Lewis-Papapetrou

1. INTRODUCTION 

In 1915 Einstein proposed the General Theory of 

Relativity (GR). Gravity in this case is no longer seen as 

a force, as Newton's law, but gravity is seen as a result 

of the curvature of space-time. GR results in a 

singularity state that occurs when the distribution of 

mass and energy is concentrated somewhere that 

reaches a maximum limit with unsustainable curvature 

and results in "holes". Singularity is divided into two, 

namely real singularity and pseudo singularity. The 

pseudo singularity is caused by poor selection of 

coordinates in the metric. The existence of a singularity 

occurs in two circumstances, namely just before the big 

bang and a very strong gravitational field. 

The solution to Einstein's gravitational field was 

proposed by Schwarzschild using the spherical 

symmetrical metric form. Space-time is considered to be 

a representation of a spherical shell. Over time, many 

have studied the solution to Einstein's gravitational 

field, one of which is the Weyl-Lewis-Papapetrou 

metric. This metric is a cylindrical symmetric metric. In 

this research, Einstein's gravitational field solution will 

be studied in the singularity case using the 

Schwarzschild metric with the Weyl-Lewis-Papapetrou 

metric display. The purpose of this study is to find the 

Kretschmann scalar form of the transformation of the 

two metrics. As well as the types of singularities 

contained in Kretschmann scalars, there are two types, 

namely real singularities and pseudo singularities. This 

research is limited   𝜃 = 0  and  𝜔 = 0. 

2.  RIEMANNIAN GEOMETRY 

2.1. Metric Tensor 

Suppose 𝑀  is a differentiable manifold. The 

Riemannian metric g  is a type tensor field (0,2) on 𝑀 

that satisfies the axiom that is symmetric and never 

negative. The tensor field g  can locally be expressed as 

follows 

 


 dxdxgdsg  2

                                  (1)
 

2.2. Schwarzschild Metrics 

The Schwarzschild metric represents the space-time 

of a spherical shell which can be viewed in the form of 

an equation  
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2.3. Weyl-Lewis-Papapetrou Metrics 

The Weyl-Lewis-Papapetrou metric is a metric in 

the form of a symmetric cylindrical space-time that can 

be seen in the form of an equation  

.)(

)(

22

22122

dzd

dVddtVds



 




   (3)  

2.4. Christoffel Symbol 

The curvature of space and time depends on the 

connection metric. Connections provide a way to 

associate vectors between the tangent spaces of the 

nearest point. There are connections that can be formed 

from metrics that can locally be represented in an object 

called a "Christoffel Symbol". The form of the 

Christoffel Symbol is       

 .
2

1



 gggg                   (4) 

Equation (3) looks like a tensor, but in fact it is not. This 

is why the equation is called "Symbol" or "Object". 

2.5. Riemannian Tensor 

The Riemannian tensor is a type tensor (1,3). The 

definition is the mapping of three vector fields to one 

vector field. By utilizing the definition of the 

Riemannian tensor and the Affine connection and 

meeting the multilinear mapping requirements as the 

tensor, the Riemannian tensor can be written in the form  




















 R          (5) 

2.6. Kretschmann Scalar 

Kretschmann scalar Is defined as the product of the 

components of the Riemannian tensor of type (4,0) and 

type (0,4) which can be expressed by 

.
RRK                                               (6) 

From the above equation, it can be analyzed a 

curvature in space and time. Curvature that has infinite 

value is called a singularity 

3. ANALYSIS 

3.1. Coordinate Transform 

The motivation in studying this theory is to 

transform the form of the Schwarzschild metric into the 

Weyl-Lewis-Papapetrou (WLP) metric by maintaining 

the gravitational potential V  used in Schwarzschild. 

There needs to be a certain definition to be able to 

maintain the value of V  in the Schwarzschild metric, 

namely by defining 

 sin22 mrr   

cos)( mrz 
 

with GMm  . The action on the transformation 

between coordinates is such that the form of the WLP 

metric with the Schwarzschild metric background is 
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This research has limitations 0  and 0 , so the 

form of the metric above is 
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3.2  Christoffel symbol non zero 

The Christoffel symbol that has a value is 
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3.2. Riemannian Tensor Non Zero 

Riemannian tensor which is composed of non-zero 

Christoffel symbol values 
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3.2. Kretschmann Scalar Equation 

The value of the Kretschmann scalar equation 

formed from the Riemannian tensor is 
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Based on equation (8) the singularity is predicted in 

two conditions, namely 𝑧 = 𝑚 and 𝑧 = −𝑚. The state 

of the real or pseudo singularity can be seen from the 

Kretschmann . scalar equation. The Kretschmann scalar 

in the above equation will be infinity 𝐾 = ∞, when 𝑧 =
−𝑚. This is a real singularity. But if 𝑧 = 𝑚 is called a 

pseudo singularity because 𝐾 ≠ ∞.  

4. CONCLUSION 

The Kretschmann scalar form of the Weyl-Lewis-

Papapetrou metric with the background of the 

Schwarzschild metric is 

6

2

)(

8

mz

m
K




 

The singularity state occurs at 𝑧 = −𝑚, and at the 

state 𝑧 =  𝑚 only pseudo singularity occurs. 
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ABSTRACT 

The Pandemic of COVID-19 caused students can not learn and must be self-directed learning from home. In this case, 

instructional media is needed for all students. The lack of student concept comprehension of abstract chemistry lessons 

was one of the problems, especially in the Chemical Bond lesson. Follow-up was done by developing a valid and practical 
learning media in the form electronic module on chemistry multiple representation-oriented in chemical bond lessons. E-

module was implemented in State Senior High School 3 Bangko Pusako using R&D design just done on developing step. 

The instruments for collecting the data are test questionnaires. The aspects of assessing covered didactic, constructive, and 

technical terms. The research by the data percentages of validity by media experts is 88,23%, by material experts is 80%, 

and practicality results by the teacher are 80% and by students is 88,66%. The electronic module was valid and practical 

to use as instructional media in Chemical Bond lessons. 

 

Keywords: Instructional Media; E-module; Chemistry Multiple Representation; Chemical Bond. 

 

INTRODUCTION

The SARS-Cov-2 (Covid-19) virus pandemic has 

changed all aspects of life from offline to online, 

including in education. Efforts to improve the quality of 

education become complicated to do during the 

pandemic. Improving the quality of education must 

always be organized in a planned, systematic, and 

integrated manner. One of the inhibiting factors for 

learning activities is the lack of media learning. 

The process of capacity building is related to human 

resources. The developmental phase of human 

perception of an object of observation is limited to the 

five senses [1]. Humans learn through what they feel, 

see, hear, touch, do, imagine, and intuit [2]. The more 

active the senses interact with the object of observation, 

the deeper one knowledge [3]. 

Chemistry is intellectual with abstract and concrete 

concepts in everyday life, especially on chemical 

bonding material [4]. Understanding the concept is an 

abstraction of the similarity or connection between the 

properties of objects and their constituent components 

expressed in a new sense [5]. Understanding The 

Concept of chemical bonds is connected to the 

macroscopic, submicroscopic, and symbolic levels [6]. 

The Macroscopic level is a description of direct 

observation of an object that can be seen clearly by the 

five senses, for example,  a change of colour in a 

chemical reaction. The submicroscopic level is a 

representation with an explanation at the particulate 

degree where the object is avowed as an atom, molecule, 

and ion. The symbolic level representation is used to 

write symbols, formulas, and chemical equations [7]. 

Technological advances make it easier to design a 

teaching material that can lead to understanding 

chemical representations [8]. One of the efforts is to use 

media Electronic Module teaching materials that are 

more systematic, creative, and interesting. E-module is a 

print media that is processed in such a way that it is 

transformed into an electronic form. E-module in the 

form of teaching materials containing sheets containing 

material, summaries, and instructions for implementing 

learning tasks according to learning objectives and 

carried out by students in electronic form [9]. 

So researchers are interested in developing learning 

media in the form of e-module on multiple chemical 

representations that contain macroscopic, 
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submicroscopic, and symbolic aspects that will be tested 

for validity and practicality on chemical bonding 

material using any flip web page. Thus, the researcher 

has the idea to conduct development research with the 

title Development of Electronic Module (E-Module) 

Oriented Multiple Chemical Representations in 

Chemical Bonding Materials. 

RESEARCH METHODS 

The research method applied is research and 

development (R&D), namely developing a product and 

testing its effectiveness [10]. The product developed is 

an electronic module (e-modul) design on multiple-

oriented chemical bonding materials with chemical 

representations as objects. The research subjects are 

media experts, material experts, teachers, and students. 

The R&D method used is a  4-D model. However, 

research limitation is only carried out until the 

development stage [11]. 

In the define stage, a need assessment includes three 

main steps, namely: (a) front-end analysis, (b) concept 

analysis, and (c) task analysis. The next step at the 

design stage is to prepare a prototype of a learning 

device that fits the needs, namely by (a) choosing media 

that are by the learning objectives, (b) the selection 

format for the learning device to be developed, and (c) 

the initial design of the e product design module. The 

final is the development stage which produces learning 

tools that have been revised based on expert input. The 

steps include: (a) validation of the e-module by experts; 

(b) revision of the e-module product design; (c) small-

scale trials with chemistry teachers; (d) revision of the 

design by the teacher; and (e) responses from students 

[12]. 

The results from the development are then tested for 

validity by media experts and material experts, then 

tested for the level of practicality by teachers and 

students. The purpose is to determine the assessment of 

the e-modul based on didactic requirements, 

construction requirements, and technical requirements. 

These requirements are a determinant of the quality of a 

good e-module. The sampling technique is done by 

filling out the questionnaire instrument validity and 

practicality sheet. The entire questionnaire instrument 

sheet is prepared based on a rating scale measurement 

which interprets the raw data in a qualitative sense [13]. 

The questionnaire scale table, namely in Table 1. 

Table 1. Questionnaire scale 

Item answer Score 

Strongly Agree 

Agree 

Quite Agree 

Less Agree 

Disagree 

5 

4 

3 

2 

1 
 

The questionnaire data analysis technique was 

covered by calculating the rating scale obtained from: 

a. Determination of the ideal maximum score 

Ideal maximum score = 

Σvalidator × Σinstrument item × maximum score 

b. Determination of the score is obtained through the 

summation of scores from each validator. 

c. Determination of the ideal percentage validity/ 

practicality [14]. 

𝒊𝒅𝒆𝒂𝒍 𝒑𝒆𝒓𝒄𝒆𝒏𝒕𝒂𝒈𝒆 =  
𝒔𝒄𝒐𝒓𝒆 𝒆𝒂𝒓𝒏𝒆𝒅

𝒊𝒅𝒆𝒂𝒍 𝒎𝒂𝒙𝒊𝒎𝒖𝒎 𝒔𝒄𝒐𝒓𝒆 
 × 𝟏𝟎𝟎% 

If the ideal percentage of the test results is <55%, the 

E-Modul needs to be revised based on comments and 

suggestions given by the validator [15]. Table 2 and 

Table 3 are the ideal criteria for e-module products. 

Table 2. Validity Criteria E-Module 

Interval Criteria 

81% - 100% 

61% - 80% 

41% - 60% 

21% - 40% 

0% - 20% 

Very Valid 

Valid 

Quite Valid 

Less Valid 

Don't Valid 

 

Table 3. Practicality Criteria E-Module 

Interval Criteria 

81% - 100% 

61% - 80% 

41% - 60% 

21% - 40% 

0% - 20% 

Very Practical 

Practical 

Quite Practical 

Less Practical 

Don’t Practical 

 

RESULTS & DISCUSSION 

Based on the results of the study, data were obtained 

regarding the process of developing and testing an E-

Module oriented to multiple chemical representations. 

Define Stage 

The results of the defined stage study are related to 

the needs analysis in the field. This study examines the 

core competencies (KI) and basics competencies (KD) 

of chemistry in science in senior high school regarding 

chemical bonding material, especially KD 3.5 and 4.5 in 

the 2013 curriculum. The results study obtained learning 

tools, namely KI-KD analysis, concept analysis, and 

syllabus. Another result is that there has never been an 

application of learning media in the form of e-module 

teaching materials oriented to multiple chemical 

representations on chemical bonding materials. It was 

obtained from direct interviews with teachers at the 

research site. 

Design Stage 
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The aim is to prepare prototype learning devices. The 

product design developed consists of several parts, 

namely: 

Selection of appropriate media 

It relates to the connectedness of three levels of 

representation which include macroscopic, 

submicroscopic, and symbolic levels that abstract 

concepts in chemical bonding material look more natural 

and will be illustrated (imagined) in student 

understanding of concepts. 

 

 

 

 

 

 

 

 

The concept presented in the electronic module is 

designed with an attractive e-module design, a blend of 

pictures and colours to generate more interest that 

students are motivated during chemistry learning. The e-

module also contains multiple orientations of chemical 

representations to make it easier for students to improve 

their understanding of abstract concepts in chemical 

bonding material by solving questions as a form of 

exercise in understanding student concepts. 

Format selection 

At this stage, the researcher designed the electronic 

module (e-module) on the chemical bonding material 

oriented to multiple chemical representations. The 

designed e-module consists of three parts, introduction, 

content, and closing. 

Introduction section 

The introductory part consists of a cover, 

introduction, table of contents, brief description, the 

definition of multiple orientations of chemical 

representations, instructions for using electronic 

modules, and an analysis of chemical bonding materials 

in curriculum 2013. 

Content section 

The content section consists of concept maps and 

learning activities ranging from learning activities 1 to 

learning activities 5. Each learning activity contains an 

introduction to the material, questions, and information 

related to chemistry. 

 

 

 

 

 

 

 

Final closing 

section 

The closing section contains a bibliography and the 

author's identity from various sources in the manufacture 

of electronic modules oriented to multiple chemical 

representations. 

Preliminary design 

Electronic modules are made with various types of 
fonts. The type of font used most for the contents of the 

Electronic Module is Times New Roman. Other types to 

beautify the electronic module are tempus sans ITC, 

cooper std black, and snap ITC. The electronic module 

design can motivate and increase student interest in 

learning it independently and practice communication 

with teachers or friends. The combination of colours and 

images module is oriented to multiple chemical 

representations to look more attractive. 

Develop Stage 
 

Develop stage is the final stage of the research. E-

Module design will be assessed for its valid and practical 
percentage by media experts, material experts, subject 

teachers, and students. The assessment will be used to 

improve the design of the E-Module as a suitable 

learning medium. 

Validation result by media design 

Figure 1 Cover design 

Figure 2 Concept maps 

Figure 3 Media expert percentage chart 
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The results of the validation assessment were 

assessed by one media expert validator, Lenni Khotimah 

Harahap, M.Pd. The assessment can be seen based on 

the graph in Figure 3, which is categorized as very 

valid. 

 

 

The validation of the material assessment was 

assessed by one material expert, namely Apriliana 

Drastisianti, M.Pd. The result categorized as valid related 

to the material in the E-Module can be seen in the graph 

in Figure 4. 

Result of practicality product 

The practical response was done by 2 chemistry 

teachers and 30 students of class X IPA 2 Senior High 

School 3 Bangko Pusako. The assessment can be seen 

based on the graph in Figure 5. 

Final product 

The final product can be accessed via the following 

link: 

https://anyflip.com/xymew/dysq/  

CONCLUSION 

Electronic modules oriented with multiple chemical 

representations in chemical bonding were declared valid 

by media experts and materials experts. Level validity 

from media experts is categorized as very valid with a 

percentage of 88.23%. Level validity from material 

experts is categorized as valid with a percentage of 80%. 

The electronic module is practical by teachers with a 

percentage of 80% and very practical by students with a 

percentage of 88.6%. Based on this assessment, the 

multiple-oriented chemical representation E-Module 

was declared valid and practical to be applied in learning 

chemistry, especially in chemical bonding. 
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ABSTRACT 

This study aims to examine the effect of using Augmented Reality-based learning media on students' conceptual 

understanding of molecular shape material. This research is a quasi-experimental study with a posttest-only design. The 

class used was class X Mathematics and Natural Sciences in one of the Bengkulu City High Schools, which received 

molecular shape material, consisting of 1 control class and 1 experimental class. The control class is a class that uses 

powerpoint media as usual with 2-dimensional image visualization. In contrast, the experimental class is a class that uses 

augmented reality-based learning media with 3-dimensional visualization. The instrument used is a post-test instrument 
which refers to indicators of concept understanding. The results were analyzed using t-test. The results of the analysis 

showed that the significance level was 0.002. This result shows that it is smaller than the significance level,  or it can be 

concluded that there is a significant difference in the average understanding of the concept between the control class and 

the experimental class. 

Keywords: Augmented-reality; Learning media; Molecular shape.

INTRODUCTION 

Education becomes a conscious and planned effort to 

create an atmosphere and learning process that expects 

students to develop their potential actively. The purpose of 

this education should be prioritized to be realized. In 

achieving this, the government and educational institutions 

have made many efforts. This effort is inseparable from 

one of the components of a country's education system, 
namely the curriculum. The educational curriculum is 

always reformed according to the times. The current high 

school curriculum refers to curriculum 2013, which has 

transformed competency-based achievements into learning 

outcomes. These achievements include knowledge, skills, 

attitudes, and competencies. This curriculum is expected to 

produce better and more qualified graduates nationally.  

 Learning is a two-way interaction between teachers 

and students, and there is directed communication towards 

a predetermined goal [1]. The learning carried out should 

be able to run effectively and efficiently. Effective means 

that the learning carried out is fun learning and by the 
learning objectives. While efficient means that the time 

used in learning can be utilized optimally. The achievement 

of these learning objectives is highly expected in every 

learning 

In addition to the curriculum, other fields develop 

with the times. It's technology. Technology is one of the 

essential parts of the advancement of education in 

Indonesia. Technology-based learning has been widely 

carried out in Indonesia in the industrial revolution 4.0. 

Technology development today gives rise to many 

innovations that can be used in learning. PowerPoint and 

many technology-based learning media have been 

developed in various types. Media development should be 

one of the concerns of students' needs in learning. The 
learning media used in the classroom can increase the 

effectiveness of the learning process and the delivery of 

messages. Learning media is divided into traditional media 

and technology-based media. This technology-based media 

usually involves interactive video, media integration, and 

hypermedia [2]. In the selection of learning media, teachers 

must consider that the selected media will help students 

achieve these learning goals [3]. The uses of this learning 

media include making learning more interesting for 

students, teaching materials that have a clearer meaning, 

allowing students to customize goals for better learning, 
variation teaching methods, and students will do more 

learning activities [4]. The selection of technology-based 

learning media will make learning more effective [5]. 

Media like this can simply explain concepts by combining 

animated visuals and audio, making them suitable for 

independent learning activities [6]. 

One of the subjects that require learning media is 

chemistry. Chemistry is one of the fields of science in 

which there is rote material and calculations. Some 

chemical materials are abstract which makes them difficult 

for learners to understand. Such materials are atomic theory, 

electron configuration, chemical bonds, and molecular 
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forms. Many learners find it difficult to imagine how the 

shape of the molecules formed by the bonds between the 

elements. The low visualization of these learners will have 

an impact on the learners' understanding of the material of 

this molecular form. Students need a learning medium to 

visualise this molecule's shape in 3 dimensions.  

Augmented reality is one of the technologies that can 

be utilized to visualize this form. Augmented reality or can 

be shortened to AR is a technology that can visualize 3-

dimensional objects into real-world objects with the help 

of patterns made on real objects [7]. This pattern is usually 

called a marker. This marker must be accessible to the 

camera because if it is blocked by something, it is too tilted, 

or the lighting is too bright/dark, the marker will be 

difficult to detect by the camera [8]. The working principle 

of augmented reality is tracking and reconstruction. The 

camera detects markers on real objects, and then the data 
obtained is reconstructed into virtual form in the real world. 

The reconstruction process is carried out by projecting a 

virtual object that will be displayed on a real object that has 

such a marker. These objects are usually 3-dimensional in 

shape.  

In learning, augmented reality has several advantages, 

namely being able to study material in 3-dimensional form, 

visualize invisible objects, make learning more flexible, 

and bridge formal-non-formal learning [9]. With the 

existence of learning media, students are expected to be 

able to visualize the shape of molecules in chemistry. 
When they understand the form, the brand concept of this 

material will also be better.  

METHOD 

 This research is quasi-experimental research or 

pseudo-experiment. This study used a post-test-only design 

using two classes, namely the control and experimental 

classes. The sampling technique used is cluster random 

sampling, namely class X MIPA 2 as the control class and 

class X MIPA 4 as the experimental class. A control class 

is a class with learning, as usual, using PowerPoint as a 

learning medium. This PowerPoint contains the shape of a 

molecule but in a 2-dimensional state. The experimental 

class is a class with learning using augmented reality media 

or 3-dimensional visualization of shapes. The Venetian 

design used can be seen in Table 1. 

Table 1. Research Design 

Class Treatment Post test 

Control Class - P1 

Experiment Class X1 P1 

Description: 

X1 = learning using augmented reality-based 

learning media 

P1 = giving post-test questions to see the 

understanding of the concept of molecular form 

 The instrument used in this study's post-test sheet 

contains questions about the material of the molecular form. 

The number of questions tested is 12 questions consisting 

of description questions. Chemists have validated this set 

of questions. The results obtained from both classes were 

then analyzed using the t-test in SPSS. The hypotheses 

used in this study are as follows: 

Ho: There is no significant difference in average 

learning outcomes between classes that use augmented 

reality media and classes that do not use them. 

Ha: There is a significant difference in average 

learning outcomes between classes that use augmented 

reality media and classes that do not use it. 

The null hypothesis will be rejected when the test's 

significance is smaller than the degree of signification used. 

 

RESULTS AND DISCUSSION 

 This research has been conducted at one of the public 

high schools in Bengkulu City. The class used is 2 classes, 

the first class as the control class, and the second class as 

the experimental class. Class X MIPA 2 is a control class 

that conducts learning using PowerPoint as a learning 

medium. Material about the shape of molecules is still in 
the form of images or 2-dimensional form in PowerPoint. 

Class X MIPA 4 is an experimental class that conducts 

learning using augmented reality-based learning media or 

with 3-dimensional modeling.  

Learning is carried out for two meetings per class. 

This learning is carried out using a discovery learning 

model assisted by student worksheets. For this learning, 

students can predict the molecular shape of a molecule 

based on the initial knowledge of the bonds formed and the 

repulsive force between the forming atoms. The learning 

activities carried out are adjusted to the learning model 
used. The syntax of the learning model can be seen in Table 

2. 

 

Table 2. Syntax and Learning Activities 

Syntax of discovery 

learning 

Learning activities 

Stimulation Students are given pictures in 

the form of several molecules 

that have the same electron 

domain 

Problem Statement Students identify problems 

that occur, such as why do 

molecules with the same 

electron domain but have 

different molecular shapes? 

Data Collection Students collect data through 

observation of molecular 
shapes 

Data Processing Students answer the questions 

on the worksheet 

Verification Students check the results of 

the discussion with the 

existing theory 

Generalization Students equate perceptions 

of molecular shape 
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The first learning activity is the provision of stimuli 

by the teacher. The provision of this stimulation uses the 

image of several molecules that have differences in their 

constituent atoms and the repulsion angles between their 
atoms. These molecule images have similarities in the 

number of electron domains but have different molecular 

shapes, for example, tetrahedral with triangular pyramids. 

Both have 4 electron domains. In tetrahedral, the four-

electron domains are bond electrons, while in the triangular 

pyramid there is 1 which becomes a free electron. This 

activity is carried out to stimulate students regarding 

knowledge of chemical bonds and their repulsive force. 

Learners will think about how such bonds can be formed. 

The provision of these stimuli must be appropriate so that 

students can explore their curiosity. 

The second learning activity is identifying the 
problems they must find in the learning. Identification of 

this problem is used so that students can learn about the 

problems in the shape of the molecule. Students are then 

asked to write down problems that can be drawn from the 

stimulus provided. The results of problem identification by 

students include: 

 Why do the two molecules have different molecular 

shapes? Though the number of electron domains is the 

same. 

 What is the interaction between the electron domains? 

The next activity is data collection. This data 
collection involves augmented reality-based media or 3-

dimensional shapes for ex-classes and PowerPoint media 

by involving 2-dimensional images. This media 

involvement is an aid for students to identify the shapes of 

molecules and answer the formulation of problems that 

have been proposed in previous learning activities. In 

addition, students are also asked to learn existing theories 

regarding the shape of these molecules.  

Processing data is the next learning activity. In this 

learning activity, students are asked to answer the 

questions on the worksheets that have been distributed. 
This activity is continued with verification activities. The 

last learning activity is generalization. In this activity, 

students held a class discussion led by the teacher in-class 

discussion. The results of the post-test can be seen in Table 

3 below. 

Table 3. The Result of Post-test 

 Control Class Experiment 

Class 

Number of 

Students 

35 36 

Mean 55,68 64,61 

Normality Test 0,200 0,200 

Homogeinity Test 0,436 

 

Based on Table 3, the average or mean of the 
experimental class is superior to the control class. The 

difference between the two is almost 10 points. The 

normality and homogeneity test results showed that both 

classes had normally distributed and homogeneous data. 

The t-test results of the two classes showed that the 

significance magnitude was 0.002 or less than the 

significance level used, which was 0.05. This indicates that 
there is a significant difference in average learning 

outcomes between students who use augmented reality-

based media and students who do not use these media. This 

difference shows the influence of the use of augmented 

reality-based media. The use of media like this can increase 

student power [10]. 

The augmented reality media created puts forward a 

3-dimensional shape. This 3-dimensional form is needed in 

studying abstract chemical materials. Examples of such 

materials are atomic forms that can describe different 

atomic shapes in 3 dimensions, electron configurations that 

can describe rotating electrons surrounding the nucleus of 
an atom, a molecular structure that can explain how 

electron domains repel each other, and so on. The 

implementation of augmented reality is very supportive of 

learning molecular form material [11]. The  3-dimensional 

depiction of these molecular forms makes it clear for 

students to imagine the shape of molecules that have only 

appeared in 2 dimensions. In addition, media such as this 

makes it easier for students to learn concepts effectively 

because they can be used anywhere for as long as possible 

with a compatible smartphone [12]. Students who mostly 

have smartphones feel helped by the existence of media 
like this. By using a smartphone, they can access media 

anywhere and anytime. Of course, this is an advantage of 

digital-based media. 

In learning using the discovery learning model, 

students are guided to find the cause of the occurrence of 

different molecular shapes even though they have the same 

number of electron domains. At first, students only think 

that the position of the bound atoms is what it is. However, 

through investigation and some theories, students finally 

know that there is a repulsive force between the electron 

domains in the molecule. Students with the help of 

augmented reality-based 3-dimensional media will find it 
easier to investigate the shape of molecules. Students can 

change the molecule's position so they can see the shape of 

the molecule from the upper, lower, front, back, or side 

directions. This is what makes the experimental class 

students able to know this repulsive style's existence. The 

existence of media like this can help teachers in explaining 

a material [10]. In addition, the presence of this media can 

improve the ability of multiple representations of students 

in similar materials [13]. This is different from the control 

class, which only observes in 2-dimensional form without 

being able to see the molecule's shape from various 
directions. The weakness of the 2-dimensional form, 

students can see from one direction only.  

CONCLUSION 

Augmented reality media material in the form of 

molecules that have been developed can be used as a 

medium of learning in the classroom. The classroom 

implementation results show a significant difference in 
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average learning outcomes between classes that use 

augmented reality media and those that do not. Future 

research is expected  to develop similar media with various 

materials. This can support the achievement of learning 

objectives more quickly. 
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ABSTRACT 

This study aims to determine the relationship between learning styles and student study results in class X Science at State 

Senior High School 13 Semarang. The percentage of difficulty in stoichiometry materials that are considered difficult for 

students is around 81,8%. Students who have difficulty in the material may have problems with learning styles. This type 

of research is correlational research. The sample in this study was 69 people with a sampling technique that is simple 

random sampling. The results of this study obtained a significance value (2-tailed) of 0.000 which was (0.000 < 0.005) and 

a rcount of 0.532 which was greater than rtable at a significance level of 5% (0.532 > 0.334), concluded that a relationship 

between learning styles and student study results on quizizz-assisted stoichiometry material. The correlation in this study 

has a medium category and the dominant learning style of students is the type of kinesthetic learning style 36.2%. 

Keywords: Learning styles; Stoichiometry; Kinesthetic learning style.

INTRODUCTION 

The era of revolution 5.0 encourages every human 

being to follow a level of education that can be started from 

an early age. Educational levels can be achieved when 

individuals have strong consistency, intention, and 

determination to learn. Education is essential for each 

individual for a person's long-term investment in knowing 

the learning environment, forming character, and adding 

scientific insight. Knowledge is obtained from reading, 

understanding, and studying activities to finding the truth 

in scientific disciplines. Science has various branches of 

science, including chemistry which studies matter, its 

properties, structure, composition, and changes in matter 

[1]. 

An online survey of student interest at SMAN 13 

Semarang in chemistry subjects stated that each student 

had different interests. The percentage obtained was 67.3% 

favored learning chemistry and 32.7% did not like 

chemistry lessons. Various reasons cause chemistry 

lessons to be of interest, including chemistry lessons that 

can be implemented in everyday life. Students are more 

challenged to study chemistry because they learn exciting 

things, such as the existence of atoms and molecules. In 

chemistry lessons, a material must be proven by 

experiment. Some reasons that chemistry lessons do not 

like include chemistry lessons that have a lot of arithmetic 

operations, students who study less, and students who tend 

not to understand the material from the start because the 

teaching methods are not suitable when teaching and 

learning activities. 

One of the chemistry materials that is considered 

difficult for students is stoichiometry. The percentage of 

difficulty in stoichiometric material was obtained at around 

81.8% from the online survey results. Stoichiometry is said 

to be difficult because it has many arithmetic operations. 

Students need source material from the open-source 

process and practice questions to master the stoichiometric 

material. 

The success of students in mastering stoichiometric 

material is measured through learning outcomes. Study 

results are changes in student behavior after interacting 

with the learning environment [2]. Measuring study results 

can be done with learning achievement tests. Achievement 

tests can measure the extent to which students' cognitive 

understanding is in the learning process [3]. 

The learning process allows students to gain failure and 

success in achieving the desired target so that there are 

factors that support the learning process, one of which is 

learning style. Learning style is an internal factor that 

influences students' teaching and learning process [4]. 

Learning style is known as the way students do to capture 
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information, solve problems, and ways of thinking in 

learning [5]. 

According to an online survey of class X Science at 

State Senior High School 13 Semarang students, 76.4% of 

students did not know their learning styles. The results of 

the online survey stated that students had never heard of 

learning styles such as visual, auditory, and kinesthetic. 

Based on this, further analysis of the learning dates of 

students' learning styles and results on stoichiometric 

material in the learning process in the classroom. 

METHOD 

This research is objective research and assessment 

using numeric. This type of research uses correlational 

research. Correlational research is a study to determine the 

relationship between 2 variables [6]. The independent 

variable or variable X in this study is learning style and the 

influencing variable or variable Y is learning outcomes on 

stoichiometric material. 

The research was conducted at State Senior High 

School 13 Semarang. The population was taken from class 

X SCIENCE with a sampling technique, namely Simple 

Random Sampling. The sample taken is class X  science 1 

and X science 3 totaling 69 people. Sampling by simple 

random sampling based on a population that has been 

normally distributed and homogeneous. 

The instrument in this study was a learning style 

questionnaire and a learning outcome test with 20 multiple 

choice questions that had been tested for validity and 

reliability. 

RESULTS AND DISCUSSION 

This research was carried out in several stages, namely 

the pre-research stage, making questionnaires and test 

instrument grids, validating questionnaires and test 

instruments, research processes, and analyzing research 

data. An online survey was carried out during the pre-

research stage to find out how to overcome the problems 

faced by students. Several research problems were 

obtained, namely, the difficulty of the material faced by 

students in the stoichiometry material. Second, the factors 

that support student difficulties analyzed from online 

surveys are internal in the form of learning styles. Third is 

the need for teachers to combine formative assessment for 

student evaluation with digital literacy. Several research 

problems were raised to determine the relationship 

between students' internal factors (learning styles) and 

student study results in Quizizz-assisted stoichiometry 

material. 

There are 2 variables in this study, namely first, 

variable X in the form of learning styles. Variable X 

(learning style) was distributed through an online 

questionnaire that was tested and reliable with 21 statement 

items and then developed into 30 statements [7]. Two 

expert lecturers validated the questionnaire through expert 

assessment with several suggestions and revisions. The 

validator assigns a score according to 7 aspects and 

indicators of the learning style questionnaire which are 

assessed using the Likert scale model 4. The score is then 

processed to determine whether or not the questionnaire 

instrument is suitable for use. Obtained an assessment 

result of 3.71 which states that the questionnaire instrument 

is suitable for use.  

The suitable questionnaires were then distributed to 69 

students of class X SCIENCE via google form. This 

questionnaire was distributed to know the learning styles 

of students. The key to student success in learning is 

achieved if one knows from one of the supporting factors, 

namely the learning style, so that if the learning style is by 

him, it will be easier to achieve effective learning [8]. 

The dominant learning style in class X Mathematics 

and Natural Sciences is obtained in the following picture. 

Figure 1 states that the dominant learning style in class X 

Science is the kinesthetic learning style type with 36.2% of 

69 respondents. 

 

 

 

 

 

 

 

Figure 1 Learning Style Percentage 

Filling out the learning style questionnaire shows that 

students have visual, auditory, and kinesthetic learning 

styles. However, it is possible if students have a more 

dominant learning style, either with one learning style or 

with more than one learning style. A person has a 

combination of 3 types of learning styles, with this 

combination providing an opportunity for him to know his 

strengths and weaknesses then Gringer argues that almost 

everyone tends learning styles [9]. 

Second, the variable Y is the study results. Study results 

are taken from learning achievement tests distributed to 

students online through the Quizizz application. Before the 
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test was distributed to students, the test was first tested for 

content validity and empirical validity. Content validity 

was carried out so that the questions could be measured 

accurately. Two expert lecturers and three teachers 

analyzed content validity. The validator gives a score 

according to the aspects and indicators made by the 

researcher and is assessed using a Likert scale model 5. The 

results of content validity are calculated using Aiken's V 

formula. 

V =  
∑s

[ n (C−1)]
                                                                (1) 

s = r − lo       (2) 

Questions are classified as valid with a high criterion of 

30 questions and ten questions are classified as valid with 

moderate criteria. Researchers have obtained various 

considerations where the questions will be used for 

empirical validity (trials) are 35 questions. Then the 

empirical validity was tested on 35 respondents. The 

results obtained from empirical validity assisted by SPSS 

version 20.00 are 15 valid questions and 20 invalid 

questions, but in the biserial point category from the invalid 

questions, there are still five questions that can be 

considered for revision. 

After the validity test, the reliability, level of difficulty, 

and discriminating power of the SPSS version 20.00 

application were tested to consider what will be used for 

research. The reliability test obtained a result of 0.70 where 

the questions were classified as having high reliability. The 

results were obtained on the level of difficulty test where 

five questions are included in the medium category and 15 

questions are included in the easy category. Likewise, the 

differentiating power with interpretation is that there are 

eight questions in the good category, 11 in the good 

category, and 1 in the wrong category. It was concluded 

from the test instrument that 20 questions were taken for 

research.  

The test instrument takes stoichiometric material with 

questions implemented with learning styles, namely 

Visual-kinesthetic based on images and counts, Auditorial-

kinesthetic based on audio and counting, and VAK (visual-

auditorial-kinesthetic) based on video and counting. The 

test instrument was distributed to respondents based on the 

Quizizz application to provide variations on the teacher's 

formative assessment. Figure 2 about the descriptive 

analysis of the data obtained from the results of 69 

respondents.  

The maximum value is 95 and the minimum is 50. This 

shows that student study results vary with the high category 

of 7.2%, the medium category with the percentage of 

81.1%, and the less category of 11.5%.  

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Statistics Analysis of  Study Results 

Second, the homogeneity test got the results of the two 

variables being tested homogeneous with a significance 

value of more than (> 0.05) on the X variable (learning 

style) of 0.650 and the Y variable (study results) of 0.422. 

Third, the linearity test was tested to be linear with a 

probability value of more than (> 0.05) totaling 0.486. 

Then tested the hypothesis using the product-moment 

correlation test in hypothesis testing. It is based on a 

prerequisite test that has been approved for testing 

parametric statistical analysis. The results obtained from 

the SPSS output with a significance value of 0.00 < 0.05 

and a larger rcount of 0.532 (> rtable = 0.334).  

The correlation that resulted from the variable X 

and Y was categorized as being in the category range 

(0.40 - 0.59) with a positive relationship between learning 

style and study results in Quizizz-assisted stoichiometry 

material. The positive thing is that if students apply the 

specified learning style (domination of learning styles) or 

the balance of VAK (Visual-Auditorial-Kinesthetic) 

learning styles, student study results will increase. The 

more students optimize a good learning style or all three, 

the higher the learning outcomes because students have 

strategies in learning [10]. 
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Figure 3 Descriptive Analysis of  Study Results 

 

 

This correlation test is included in the moderate 

category because of various factors that influence it, 

including factors from within students, the surrounding 

environment such as teachers, community, or parents, and 

obstacles in research. Internal factors are the lack of 

awareness of their respective learning styles so that when 

learning is still monotonous and less than optimal. Students 

still rely on the teacher's explanation without studying the 

material first, some students are active in front of the class 

while others are passive, and students sitting in the back 

pay less attention. This can be seen when observing 

learning in class X IPA 1 and 3. 

The next factor is the teacher's method in teaching and 

learning. Based on interviews, it was found that teachers 

use different methods adapted to the material, rarely use 

PPT or LCD, and use less variety of learning. In the 

stoichiometry material, the teacher makes students active 

in working on questions in front of the class and doing 

practical work according to the material needs. The highest 

percentage of student learning style dominance is 

kinesthetic learning style of 84% so that the kinesthetic 

type can be applied in stoichiometry learning. 

The relationship between learning styles and study 

results is influenced by the dominance of different learning 

styles even though it can be said to have all three types of 

learning styles so many students are less enthusiastic when 

learning stoichiometry using only one learning style 

approach. Teachers who only apply one learning style will 

cause students not inclined to that style to be difficult and 

less enthusiastic in receiving learning information. The 

next factor is the obstacle in the research where the 

observation is not deep enough to know the students' 

character, so further approaches such as interviews with 

teachers and students are needed. 

CONCLUSION 

There is a positive relationship between learning style 

and study results in Quizizz-assisted stoichiometry 

material. The positive thing is that if students apply the 

specified learning style (domination of learning styles) or 

the balance of VAK learning styles, student study results 

will increase. The correlation resulting from the variable X 

and variable Y is categorized as moderate with an rcount of 

0.532. The study results obtained by students vary with the 

high category of 7.2%, the medium category with the 

percentage of 81.1%, and the less category of 11.5%. The 

dominant learning style in class X science on 

stoichiometric material is the kinesthetic learning style 

type with a percentage of 36.2% with a high learning 

outcome category of 8%, a medium category of 84%, and 

a low category of 8%. 
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ABSTRACT 
Teaching materials are media to support the learning process. This study aimed to determine the characteristics of teaching 

materials that can encourage students to apply chemical theory in real life. This study uses a literature review method. 

Based on the literature review, four teaching materials were used books, e-books, modules, and e-modules. Of the four 

teaching materials, the most practical and efficient is the e-module. The e-module is a soft file form of the module as an 

innovation in the development of the module. From the results of the search for colligative properties of solutions, there 

are no teaching materials that can encourage students to apply theory in real life. So, students do not know how the benefits 

of chemistry in life. For this reason, students need teaching materials in the form of e-modules that are integrated with 

green chemistry practicum for real life.  

Keywords: Teaching Materials; Colligative Properties of Solutions; Green Chemistry.

INTRODUCTION 

The colligative property of a solution is one of the most 

challenging chemistry materials that is considered difficult 

because it requires in-depth concepts to understand [1]. 

Colligative properties of solutions are essential to study 

because they are close to real-life problems. One example 
is the event of snowfall. When students understand the 

concept of colligative properties, students will take action 

in the form of sprinkling salt on snow to lower the freezing 

point of the snow so that the snow can melt quickly and not 

cover the road [2].  

Practicum is an activity to prove something real from 

the theory that has been studied [3]. In the laboratory, a 

practicum is usually carried out using hazardous materials. 

If used continuously, the material will produce waste that 

can damage the environment. For this reason, it is 

necessary to practice colligative properties using 

environmentally friendly materials. The use of 
environmentally friendly materials as an alternative to 

hazardous chemicals is called green chemistry [4]. 

According to Anastas and Warner (1998), there are 12 

principles in the concept of green chemistry. One of them 

is the use of natural materials. 

The success of the learning process is influenced by the 

teaching materials used [6]. Teaching materials  widely 

used in schools are books, e-books, modules, and e-

modules. Books are printed teaching materials that explain 

the material discussed in one school year. According to 

Magh'firoh (2019), a good textbook must cover aspects of 
the suitability of the content with the curriculum, 

presentation of the material, readability, and ease of 

understanding for students [7]. However, it cannot be 

denied that many low-quality textbooks contain errors in 

method and concept [8]. In addition to errors in methods 

and concepts, books become less interesting teaching 

materials because they are thick, heavy to carry 

everywhere, and tend to be boring. Plus, the very long 

explanation of the theory makes books rarely interested to 

students. Thus, students are less interested in studying the 

material presented in the book [9], [10].  

The development of increasingly advanced technology, 

making books transformed into e-books. An electronic 
book, better known as an e-book, refers to digital books. 

Generally, books are in the form of paper. However, e-

books themselves have a digital form [11]. E-books have 

many advantages in terms of material presentation. 

According to Syuryani and Rachmadiarti (2020), e-books 

can present material equipped with images, animations, 

sounds, and videos. Thus, it can provide information with 

more interesting variations than conventional books [12]. 

However, e-books are still not much different from books. 

Even though they have many advantages in terms of 

presentation, e-books are less attractive to students because 
they contain long explanations without being connected 

with real-life applications. So, students are less able to 

understand the theoretical explanation in the e-book. 

An alternative to books and e-books is a module. The 

module has a more attractive appearance and the 

explanation presented is also shorter. However, unlike 

books and e-books, modules also become monotonous 

teaching materials because they do not relate the material 

to real-life applications [13]. According to Roziyah dan 

Kamaludin (2019), the widely used modules have a simple 

layout so that students are less interested in the material 

presented [14]. Along with the times, the module is 
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Teaching Materials Colligative 

Properties of Solutions 

Book E-book Module 

1. Flipbook-PBL E-module 

2.Guided Discovery Learning E-

module 

3.Sigil's Interactive E-module 

4.SETS-Based E-module (Science, 

Environment, Technology, Society) 
5.Chemoentrepreneurship Oriented 

Practicum (CEP) E-module 

6. Interactive E-module  

HASIL REVIEW 

 

 

E-module 

Science 

Process Based 

Book 

 

 

 

1.Cartoon E-book 

2.Interactive E-book 

3. Phenomenon Based 

E-book 

 

1.STEM-Based Modules (Secience, 

Technology, Engineering and 

Mathematics) 

2.Chemoentrpreneurship Oriented 

Guided Inquiry Module 
3.POE Based Module (Predict, 

Observe, Explain) 
4.STEM-PBL Module 

transformed into an e-module. E-module is a soft file form 

of a print module that has a more attractive appearance, is 

practical to carry everywhere, and can present chemical 

theory more pleasantly [15].  

Based on research from Linda et al. (2018), the e-
module is a fun teaching material because it has an 

interesting concept, is practical to carry everywhere, and 

only has a small amount of space on a smartphone [15]. 

Several material variations can be presented in e-modules, 

as in the research from Nalarita and Listiawan (2018), 

which shows material by displaying pictures of 

hydrocarbon compounds [16]. There is also research from 

Iswandari (2020), which developed an e-module based on 

Moodle. Moodle presents a variety of media that can be 

used for learning, such as animations, quizzes, videos, 

pictures, and others.  

The descriptions of several studies above show that e-
modules are the most practical and easy-to-use teaching 

materials. For this reason, students are more interested in 

learning by using e-modules because the concepts they 

have are more fun than other teaching materials. In 

addition, in learning chemistry, especially the colligative 

properties of solutions, students need to be involved in 

learning activities. E-module colligative properties 

solutions integrated with green chemistry for real life is 

suitable for student guide in learning colligative properties 

of solutions. 

METHOD 

This study uses a literature review method. A literature 

review is a method that is carried out by reviewing previous 

research kinds of literature. In addition, this research was 

also carried out using descriptive analysis, namely 

describing and processing the data obtained.  

Search Strategy 

The literature search strategy used in this study was 

carried out through Google Scholar, Google Search, 

Elsevier, and National Library of Indonesia e-resources. 

The keywords used are book development, e-book, 

module, and e-module colligative properties of solutions. 

The literature taken is literature published between 2012-
2022. The literature format is pdf, and the criteria for the 

journal are Indonesian and English language journals. This 

research uses one book, three e-books, four modules, and 

six e-modules that discuss the colligative properties of 

solutions. 

RESULTS AND DISCUSSION 

 

 

 

 

 

 

Figure 1 Chart of Teaching Materials Colligative 

Properties of Solutions 

The results of the analysis show that there are four 

colligative properties of the solution used, namely: books, 

e-books, modules, and e-modules. 

Book 

Science Process-Based Book 

Books are printed teaching materials with a complete 

presentation of the material. The literature on science 

process-based books explains that the scientific process 

allows students to build conceptual knowledge in the 
learning process. In addition, it will enable students to ask 

questions about phenomena, create meaning from 

information, and have new experiences in mastering 

chemistry learning. The advantage of this scientific process 

is that it encourages students to be active and create their 

learning concepts to be more comfortable. However, there 

are some obstacles when the science process is applied; not 

all schools have the characteristics of students who can be 

invited to be independent. This information shows that not 

all schools can use this teaching material [18].  

E-book 

Cartoon E-book 

Cartoon e-books are electronic books that present 

material on colligative properties of solutions in the form 

of video animations. In addition, this e-book also presents 

phenomena related to the material. With these 

characteristics, cartoon e-books become interesting and fun 

teaching materials. However, presenting material-related 

phenomena can only lead students to observe, not apply 
them in life. So, other teaching materials are needed to 

encourage students to use chemistry material in real life 

[19]. 

Interactive E-book 

An interactive e-book developed by Eskawati presents 

material on the colligative properties of solutions in the 
form of video animations with background sound. The 

format of this e-book is the web. Because the e-book format 

is the web, it can only be accessed online [20]. For this 

reason, it is necessary to have teaching materials that can 

be accessed at any time without being limited by the 

network. 

Phenomenon-Based E-book 

Phenomenon-based e-books present material on 

colligative properties of solutions in the form of images, 

animations, videos, tables, and graphs complete with 

everyday phenomena. In addition, in this e-book, there are 

also columns of questions, answers, and explanations. 

However, the weakness of this e-book is that the 

phenomena presented in the form of images, and animated 
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videos, do not make students have long-term memory [21]. 

For this reason, students need other teaching materials that 

can involve them in learning. Thus, students have long-

term memory related to the material. 

Module 

STEM-Based Modules (Science, Technology, 
Engineering, and Mathematics) 

STEM-based modules present material on colligative 

properties of solutions based on science, technology, 

engineering, and mathematics. In this e-module, the 

colligative properties of solutions are shown in the form of 
4 learning activities, namely learning activity 1 

(Decreasing vapor pressure), learning activity 2 (boiling 

point elevation), and learning activity 3 (Decreasing 

freezing point), and learning activity 4 (pressure). The 

concept of this module is good. However, its STEM base 

is not very prominent. So, it is still not interesting to use as 

teaching material [22].  

Chemoentrpreneurship Oriented Guided Inquiry Module 

The guided inquiry module oriented to 

chemoentrepreneurship presents material on colligative 

properties of solutions in the form of how to make a food 

product and is equipped with chemical explanations. This 

module encourages students to become entrepreneurs. The 

concept is good. That is, students become interested in 

opening their entrepreneurship at home. However, the 

weakness is that students focus more on their 

entrepreneurship without focusing on understanding the 
intended material. So that the concept of colligative 

properties obtained has a smaller percentage compared to 

its interest in entrepreneurship [23]. Thus, teaching 

materials are needed that can guide students to focus on 

understanding chemistry. 

POE Based Module (Predict, Observe, Explain) 

The POE-based module presents material on the 

colligative properties of solutions by directing students to 

predict the answers to the questions given. In addition, this 

module also requires students to observe the experiments 

presented. After that, students write conclusions related to 

the application of the material discussed. The advantage of 

using this module as teaching material is that it can 

improve students' ability to observe, predict and conclude. 

However, the absence of activities that involve students 

practicing the material does not make students have strong 

memories regarding the material [24]. So, it is necessary to 
have teaching materials that can encourage students to be 

involved in practicing the material discussed. So, it can 

make students' memory related to the material stronger. 

STEM-PBL Module 

The STEM-PBL module encourages students to be 

independent. This is because the module directs students to 
solve problems in everyday life. In addition, this module 

also encourages students to build their own knowledge. 

The advantage of this module is that it can improve 

students' ability to learn independently so that they become 

more creative in creating their own knowledge. However, 

this teaching material is only suitable for students who tend 
to be active. This teaching material is not recommended for 

passive students because they have not been able to build 

their own knowledge. So it still needs guidance from the 

teacher [25].  

E-module 

Flipbook-PBL E-module 

Next up is the e-module flipbook-PBL. This e-module 

was created using the Flipbook Maker application. This e-

module presents the material in the form of material-related 

problems. The problem is presented in video format. Thus, 

it can increase students' interest in learning the colligative 

properties of solutions. However, this e-module does not 

present applications related to the material in life. This 

makes the students' grasp of the material not too much [26].  

Guided Discovery Learning E-module 

Guided discovery learning e-module is an e-module 

that encourages students to discover the concept of 

knowledge on their own. The material on colligative 

properties of solutions in this e-module is presented in the 

form of an animated video. Thus, increasing interest in 

studying chemistry. However, the guided discovery 

learning model is only suitable for active student 

characters. For schools where students tend to be passive, 
this e-module is not suitable for use because learning 

objectives are difficult to achieve [27].  

Sigil's Interactive E-module 

Sigil's interactive e-module is an e-module developed 

with the Plomp model. This e-module presents material on 

the colligative properties of solutions in the form of videos 
and attractive images using the ePub application. The 

weakness of this e-module lies in its access, which can only 

be accessed using the ePub reader application. At the same 

time, the ePub reader application is an application that is 

rarely used because files are rarely presented in ePub 

format. For this reason, this e-module is less efficient 

because you have to install new applications to access it 

[28].   

SETS-Based E-module (Science, Environment, 
Technology, Society) 

SETS-based e-modules are e-modules that present 

material on the colligative properties of solutions by 

connecting them to technology applications, the 

environment, and society. The new SETS concept comes 

to developing students' understanding. So, it still needs to 

be developed again so that it reaches the level of 

implementation [29].  
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Chemoentrepreneurship Oriented Practicum (CEP) E-
module 

The chemoentrepreneurship-oriented practicum e-

module is an e-module that presents material on colligative 

properties of solutions with text, a combination of images, 

video and sound. In addition, this e-module has a 

chemoentrepreneurship approach, which aims to develop 

students' potential in entrepreneurship. This e-module is 

very good for encouraging students in entrepreneurship. 

However, this chemoentrepreneurship approach makes 

students only focus on entrepreneurship without really 
understanding the concept of the colligative nature of the 

solution itself [30].  

Interactive E-module 

The interactive e-module developed by Irwansyah 

(2017) presents material on the colligative properties of 

solutions in the form of four aspects: scientific context, 
process, content, and attitude. These four concepts are 

packaged in the form of problems with video formats. 

Presentation of material in four aspects can improve 

students' mindset skills. Thus, students' knowledge 

becomes wider. However, the problems presented in the 

videos make it less encouraging for students to process 

information. Better, students are encouraged to find issues 

around them and are led to overcome these problems [31].  

CONCLUSION 

Based on the description of teaching materials that 

discuss the colligative properties of solutions, the most 

practical and exciting to use is the e-module. This is 

because books, e-books, and modules are monotonous 

teaching materials and do not package the material in a 

more attractive form. From several descriptions related to 

e-modules that discuss the colligative properties of 

solutions, no e-module involves students applying the 
colligative properties of solutions in life. For this reason, 

students need e-modules that are integrated with green 

chemistry practicum for real life. So, students can be 

involved in studying the application of the material 

colligative properties of solutions. In addition, the 

materials used are also safe because they use the principle 

of green chemistry. 

AUTHORS’ CONTRIBUTIONS 

All authors contributed to the reference search and the 

literature review process regarding the colligative 

properties of solutions. In addition, all authors actively 

discuss finding solutions to the problems studied. 

ACKNOWLEDGMENTS 

The author would like to thank the lecturers and all 

parties who have contributed to the preparation of this 

paper. So the writer can finish the paper well. Hopefully, 

this paper can be helpful for readers. 

REFERENCES 

[1] M. Hubbi, W. Dasna, and S. Wonorahardjo, 

“Pengaruh Strategi Pembelajaran Praktikum Sifat 

Koligatif Terhadap Hasi Belajar Siswa Kelas XII,” J. 

Kim. dan Pendidik., vol. 2, no. 1, pp. 52–62, 2017. 

[2] R. Vinsiah, Modul Pembelajaran SMA Kimia. 

Jakarta: Kementerian Pendidikan dan 

Kebudayaan Direktorat Jenderal Pendidikan 

Anak Usia Dini, Pendidikan Dasar dan 

Pendidikan Menengah Direktorat Sekolah 

Menegah Atas, 2020. 

[3] R. Zahara, A. Wahyuni, and E. Mahzum, 

“Perbandingan Pembelajaran Metode Praktikum 

Berbasis Keterampilan Proses dan Metode 

Praktikum Biasa terhadap Prestasi Belajar 

Siswa,” J. Ilm. Mhs., vol. 2, no. 1, 2017. 

[4] D. F. Putri and Yerimadesi, “Pengembangan 
Penuntun Praktikum Kimia Berbasis Green 

Chemistry untuk Kelas XI SMA/MA,” J. 

Multidiciplinary Res. Dev., vol. 2, no. 1, pp. 244–

253, 2019. 

[5] Anastas and Warner, Green Chemistry: Theory 

and Practice. Oxford: Oxford University Press, 

1998. 

[6] F. A. Rizqiana, M. Siddiq, and A. Rahmawati, 

“Analisis Textbooks-for-High-School-Student- 

Studying-the Sciences-Chemistry materi Pokok 

Hidrokarbon dalam Perspektif Kurikulum 2013,” 
J. Educ. Chem., vol. 1, no. 1, pp. 22–27, 2019, 

doi: 10.21580/jec.2019.1.1.3940. 

[7] R. H. Magh’firoh, “Perancangan Buku Ajar 

Desain Motif Batik Berbasis Budaya Lokal 

Trenggalek untuk Ekstrakurikuler Batik Tingkat 

SMP,” Artika, vol. 4, no. 1, 2019, doi: 

10.34148/artika.v4i1.160. 

[8] I. K. Swidiarta, I. N. Suardana, and I. D. K. 

Sastrawidana, “Pengembangan Buku Ajar Kimia 

SMA Kelas X Berbasis Argumen Toulmin,” 

Wahana Mat. dan Sains J. Mat. sains, dan 

pembelajarannya, vol. 13, no. 2, 2019. 

[9] R. Safitri and M. Sari, “Pengembangan E-Modul 

Kimia Berbasis Sets (Science, Environment, 

Technology, and Society) Untuk Siswa SMAN 1 

Kecamatan Payakumbuh,” J. Chem. Educ. 

Integr., vol. 1, no. 1, pp. 9–15, 2022, doi: 

10.24014/jcei.v1i1.16245. 

[10] M. Masita and D. Wulandari, “Pengembangan 

Buku Saku Berbasis Mind Mapping Pada 

Pembelajaran IPA,” J. Kreat., vol. 9, no. 1, 2018. 

ISSN 2985-5721

Proceeding of International Conference of Education, Sciences, Technology, Engineering, & Mathematics



  

66 

 

[11] Sukardi, “Analisa Minat Membaca antara E-

Book dengan Buku Cetak Mengunakan Metode 

Observasi pada Politeknik Tri Mitra Karya 

Mandiri,” J. IKRA-ITH Ekon., vol. 4, no. 2, 2021, 

[Online]. Available: https://journals.upi-
yai.ac.id/index.php/IKRAITH-

EKONOMIKA/article/view/1029. 

[12] I. D. Syuryani and F. Rachmadiarti, “Validitas E-

Book Interaktif pada Materi Keanekaragaman 

Hayati untuk Melatihkan keterampilan Berpikir 

Kritis Siswa Kelas X SMA,” Berk. Ilm. Pendidik. 

Biol., vol. 9, no. 2, pp. 140–149, 2020, doi: 

10.26740/bioedu.v9n2.p140-149. 

[13] N. S. Herawati and A. Muhtadi, “Pengembangan 

modul elektronik (e-modul) interaktif pada mata 

pelajaran Kimia kelas XI SMA,” J. Inov. Teknol. 

Pendidik., vol. 5, no. 2, pp. 180–191, 2018, doi: 

10.21831/jitp.v5i2.15424. 

[14] D. A. Roziyah and A. Kamaludin, 

“Pengembangan Modul Kimia Berbasis Chemo-

edutainment (CET) pada Materi Reaksi Redoks,” 

J. Trop. Chem. Res. Educ., vol. 1, no. 1, 2019. 

[15] R. Linda, Herdini, I. S. S, and T. P. Putra, 

“Interactive E-Module Development through 

Chemistry Magazine on Kvisoft Flipbook Maker 

Application for Chemistry Learning in Second 

Semester at Second Grade Senior High School,” 

J. Sci. Learn., vol. 2, no. 1, pp. 21–25, 2018, doi: 

10.17509/jsl.v2i1.12933. 

[16] Y. Nalarita and T. Listiawan, “Pengembangan E-

modul Kontekstual Interaktif Berbasis Web pada 

Mata Pelajaran Kimia Senyawa Hidrokarbon,” 

Multitek Indones. J. Ilm., vol. 12, no. 2, 2018. 

[17] S. N. Iswandari, “Pengembangan E-modul 

Berbasis Moodle Pada Materi Hidrokarbon,” vol. 

12, no. 1, 2020. 

[18] W. S. Wahyuni, S. Anwar, G. Priscylio, C. 

Oktasari, O. Lestari, and N. R. Agustina, “A 

Chemistry Book Developed by 4S TMD Models 

Based Science Process Skills on Colligative 
Properties of Solution for Student’s Need 

Analysis,” 2021, doi: 10.1063/5.0043316. 

[19] M. Y. Faturohman and I. G. M. Sanjaya, 

“Pengembangan E-Book Interaktif Caritocilli 

(Cartoon Introduce To Colligative) Sebagai 

Sumber Belajar Siswa,” Unesa J. Chem. Educ., 

vol. 3, no. 3, pp. 200–206, 2014. 

[20] S. Y. Eskawati and I. G. M. Sanjaya, 

“Pengembangan E-Book Interaktif Pada Materi 

Sifat Koligatif sebagai Sumber Belajar Siswa 

Kelas XII IPA,” Unesa J. Chem. Educ., vol. 1, 

no. 2, pp. 46–53, 2012. 

[21] N. Y. Astiti, N. Fadiawati, and L. Tania, “E-Book 

Interaktif Sifat Koligatif Larutan Berbasis 

Fenomena Kehidupan Sehari-Hari,” J. Pendidik. 

dan Pembelajaran Kim., vol. 5, no. 2, pp. 320–

333, 2016. 

[22] F. Arisya, S. Haryati, and B. Holiwarni, 

“Pengembangan Modul Berbasis STEM 

(Science, Technology, Engineering and 

Mathematics) Pada Materi Sifat Koligatif 

Larutan,” J. Pendidik. Kim. Univ. Riau, vol. 6, 

no. 1, pp. 37–44, 2021, doi: 10.33578/jpk-

unri.v6i1.7787. 

[23] A. Lestari, “Pengembangan Modul Kimia 

Berbasis Inkuiri Terbimbing Berorientasi 

Chemo-enterpreneurship Materi Sifat Koligatif 

Larutan,” J. Trop. Chem. Res. Educ., vol. 1, no. 

1, pp. 29–35, 2019. 

[24] Erviyenni, B. Holiwarni, and S. Haryati, “The 

Development of Chemical Modules Based on 

POE (Predict, Observe, Explain) in the Solution 

Colligative Properties Subject as a Learning 

Resources for Senior High School/Equal,” 2018. 

[25] Z. Winda, T. Suhery, and Desi, “Hasil Belajar 

Mahasiswa dalam Pembelajaran Modul Larutan 

Elektrolit Dan Sifat Koligatif Larutan Berbasis 

Stem- Problem Based Learning Program Studi 

Pendidikan Kimia,” J. Penelit. Pendidik. Kim. 
Kaji. Has. Penelit. Pendidik. Kim., vol. 6, no. 1, 

2019. 

[26] Y. Soejana, M. Anwar, and Sudding, “Pengaruh 

Media E-Modul Berbasis Flipbook pada Model 

Problem Based Learning (PBL) Terhadap 

Motivasi dan Hasil Belajar Peserta Didik Kelas 

XII SMA Negeri 1 Wajo (Studi Pada Materi 

Pokok Sifat Koligatif Larutan),” J. Chem., vol. 

21, no. 2, pp. 163–172, 2020, doi: 

10.35580/chemica.v21i2.17986. 

[27] M. Sari and Yerimadesi, “Validitas dan 

Praktikalitas E-Modul Sifat Koligatif Larutan 
Berbasis Guided Discovery Learning untuk 

Kelas XII SMA,” Edukimia, vol. 3, no. 2, 2021, 

doi: 10.24036/ekj.v3.i2.a254. 

[28] R. A. . Maisessa, Erviyenni, and Susilawati, 

“Pengembangan E-Modul Interaktif Sifat 

Koligatif Larutan Menggunakan Aplikasi Sigil,” 

Edusains, vol. 13, no. 2, pp. 195–204, 2021. 

[29] R. Maharni, B. Milama, and R. N. Sholihat, 

“Pengembangan E-Modul Pembelajaran Kimia 

Berbasis SETS (Science, Environment, 

Technology, Society) Pada Materi Sifat Koligatif 

ISSN 2985-5721

Proceeding of International Conference of Education, Sciences, Technology, Engineering, & Mathematics



  

67 

 

Larutan,” Edusains, vol. 13, no. 2, pp. 153–164, 

2021. 

[30] K. Annisa and M. Sari, “Pengembangan E-

Modul Praktikum Berorientasi 

Chemoentrepreneurship (CEP) pada Materi Sifat 
Koligatif Larutan Kelas XII IPA SMA,” 

Edusainstika J. Pembelajaran MIPA, vol. 1, no. 

2, pp. 69–72, 2021, doi: 10.31958/je.v1i2.4488. 

[31] F. S. Irwansyah, I. Lubab, I. Farida, and M. A. 

Ramdhani, “Designing Interactive Electronic 

Module in Chemistry Lessons,” 2017, doi: 

10.1088/1742-6596/895/1/012009. 

 

 

 

ISSN 2985-5721

Proceeding of International Conference of Education, Sciences, Technology, Engineering, & Mathematics



 

68 

 

 

 

Response to Redox Learning Videos (Tips and Tricks for Easy 

Problem Solving) 

Adistya Maranatha Ummah*, Sri Mulyanti 

Chemistry Education Department, Faculty of Sciences and Technology, Universitas Islam Negeri Walisongo Semarang

 
*Corresponding author. Email : adistya_maranatha_ummah_2008076039@walisongo.ac.id 

 

ABSTRACT 

Redox is a material that discusses changing the oxidation number of atoms in a reaction. Redox material is a material that 

is quite complicated according to students. Researchers made a video containing tips and tricks for quickly working on 

redox reaction problems to overcome this. This study aims to determine the response to learning videos both in terms of 

video quality, material content, innovative content, and the suitability of videos for learning. The research method used is 

a video viewer opinion survey (response). The response graph data is described qualitatively to be able to conclude the 

response from the audience. Based on the survey results, the video tips and tricks for working on redox reaction questions 

are excellent and can help overcome the difficulties of working on redox reaction questions. It can be seen from the answers 

of the very good respondents. 

 

Keywords: Redox Learning; Videos; Exercises 

 

INTRODUCTION 

The process of learning chemistry becomes a problem 

when the teacher uses the lecture method and explains it in 

a learning effort. Students simply use the time to listen and 

describe what the teacher is saying so that the teacher is 

like a single actor who makes him smart. This makes 

students less active, independent, creative, and initiative. 

Students often portray good teachers as teachers who use 

various teaching methods and practice various skills to 

attract students' interest in learning. 

In the teaching and learning process, we encounter 

many problems not only from teachers and students but 

also problems with structures and supporting facilities in 

the learning process and the tendency of students to be 

passive in learning. Teachers still use verbal learning 

methods, the learning process is still teacher centered and 

the presentation of the material is monotonous, less 

interesting, and boring for students. There must be 

competent teachers to provide quality education. Learning 

media is a means of supporting and infrastructure and has 

an important meaning in the success of learning. However, 

in practice, there are still few teachers who use it, it is 

necessary to use some teaching aids, especially chemistry, 

which learns a lot of abstract concepts. In addition to 

selecting the right learning media, it is also necessary to 

have the right learning model to maximize skill acquisition. 

After studying the existing learning models, an audio 

visual with an investigative model was developed. 

Investigation is a common process that people go through 

to seek or understand information. What is meant by 

investigative strategy is a series of learning activities that 

cover all students' abilities to research and investigate 

systematically, critically, logically and analytically, so that 

students can confidently form their own results. 

Learning media can be used to build understanding and 

mastery of educational objects, because learning media can 

function as a communication tool in delivering lecture 

material in the classroom. Some learning media that are 

often used in the lecture process include print, electronic, 

models, sketches, maps and diagrams. 

According to some students, one of the most difficult 

materials is redox. Redox is a material that discusses 

changing the oxidation number of atoms in a reaction. 

Studying redox can start from the most basic things such as 

understanding redox and the steps for balancing oxidation 

numbers. 

METHOD 

The method used in this study is a survey method, 

which is used to obtain natural data through a 

questionnaire. The survey method was carried out by 

giving a questionnaire containing the respondents' 

assessment of the video tips and tricks for working on 

redox questions. This video contains tips and tricks to be 

able to do redox problems easily. This study aimed to 

determine the response of video viewers in terms of 
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quality, material content, innovative content and video 

suitability. 

1.1 Making Video Tips and Tricks for Working on 
Redox Problems 

1.1.1 Making Video Tips and Tricks for Working on 
Redox Problems 

The first step is to compile the material that will be used 
in the video. Researcher made a video using the Powtoon 
application after getting the right material. The purpose of 
this video is to make it easier for viewers to work on redox 
problems. 

1.1.2 Publishing Video Tips and Tricks for Working on 
Redox Problems 

The video is uploaded to the YouTube page after the 
editing process. This is so that respondents can see the 
video easily. 

1.1.3 Sharing Videos and Questionnaires to Respondents 

The researcher shares the video link that has been 
uploaded on youtube then the youtube link is in the google 
form. Google form links are used to rate video tips and 
tricks by respondents. The respondent's identity is kept 
confidential to give freedom to the respondent. 

1.2 Respondents 

The sampling technique in this study is probability 
sampling. Probability sampling is a technique that 
provides equal opportunities for the selected population, 
in this case, college students as prospective chemistry 
teachers, high school students, and high school teachers. 
The design used is a simple random sampling design and 
sample is taken randomly without regard to the strata in 
the population. The population in this study were students 
of the Chemical Education Study Program at UIN 
Walisongo Semarang, students and teachers of BPPT Al-
Fattah Superior High School. The research sample is 
Chemistry Education students class of 2020 and 2021, 
high school students in class XI and chemistry teachers. 
Respondents in this study were students of Chemistry 
Education UIN Walisongo Semarang batch 20 and 21, 
high school students in class XI, and chemistry teachers 
taken at random. The reason for using the Simple Random 
Sampling method is because the population taken is 
students who are all studying in the Chemistry Education 
study program, high school students, and high school 
teachers so that they understand redox reactions. 

1.3 Instruments 

The instrument used in this study was a video assessment 
questionnaire of tips and tricks for working on questions 
that were assessed in the very bad, bad, moderate, good 
and very good categories. The points of this questionnaire 
contain related information: 1) Video discusses material 
that is easy to understand, 2) Video contains tips that are 
easy to understand, 3) Video is interesting to watch, 4) 
Video is suitable for use as a learning medium, 5) Video 
contains content that can make it easier to do Redox 
questions, 6) Videos contain innovative content, 7) 
Videos contain complete redox materials, 8) Videos can 
make it easier to work on redox questions. 

1.4 Data Analysis 

The last step of this research is data analysis. The data 
analysis technique used is inferential statistical technique, 
used to analyze sample data and apply the results to the 
population. The results of this study are in the form of tips 
and tricks to do redox problems easily. Data from the 
assessment results were analyzed to get answers from the 
existing problem formulations. The steps of data analysis 
activities are grouping data based on variables, tabulating 
data, presenting data carefully, and performing calculations. 
The tool used to help process the data in this research is the 
Microsoft Excel application which can process data easily. 

RESULT AND DISCUSSION 

3.1 Experiment Description 

In high school chemistry lessons, there is redox and 
electrochemistry subject matter aimed at equipping students 
with knowledge about the development of science and 
technology. Learning redox and electrochemical materials 
will be more effective and efficient if students learn 
independently through learning materials developed by 
educators so that students master the competencies that 
have been determined. In the teaching and learning process 
there are problems experienced by teachers and students. 
The tendency of students to be passive in learning activities 
and teacher problems still uses verbal learning. The learning 
process is still teacher-centred, and the presentation of 
material is monotonous, less interesting and boring for 
students. 

In this experiment, the researchers made a video 
containing tips and tricks to work on redox problems easily. 
The video is distributed to the respondents via the YouTube 
link in the google form link. The researcher collected the 
results of the google form that the respondent had filled in. 
Redox reactions consist of reduction reactions and 
oxidation reactions. Based on the release and binding of 
oxygen, the reduction reaction is a reaction that releases 
oxygen, while the oxidation reaction is a reaction that binds 
oxygen. Equation editor or MathType to insert complex 
equations. 

3.2 Survey Results 

After the questionnaires were distributed to 34 
respondents, the judgment results were easily obtained from 
the video tips and tricks for working on redox questions. 
These results are shown in Figure 1. 

 

Figure 1. Diagram of respondents' assessment results 
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3.2.1 Video Discussing Easy-to-Understand Materials 

The results of the respondents' questionnaires show an 
average score of 4.4 out of 5. The video only contains 
animated videos and text without any voice explanation 
from the researcher, so it can make respondents have to read 
and understand it themselves. The following are the results 
obtained from the respondents. 

 

Figure 2. Easy to Understand Material 

3.2.2 Videos contain tips that are easy to understand 

Based on the questionnaire results, the respondents got 
an average score of 4.4 out of 5. This score is not perfect, 
meaning that the tips in the video are not easy to understand. 
The following are the results obtained from the respondents. 

 

Figure 3. Tips That Are Easy to Understand 

3.2.3 Interesting Videos to Watch 

Based on the questionnaire results, respondents obtained 
an average score of 4.3 out of 5. This score is not perfect, 
meaning the video is considered boring to watch. Videos 
can be added with more interesting animations so that 
viewers don't get bored while watching the video. The 
following are the results obtained from the respondents. 

 

Figure 4.  Interesting to Watch 

3.2.4 Video Suitable for Use as Learning Media 

Based on the results of the questionnaire respondents 
obtained an average value of 4.5 out of 5. This value is close 
to perfect, meaning that video can be used as a learning 
medium with a few revisions. Learning media can be used 
to build understanding and mastery of educational objects, 
because learning media can function as a communication 
tool in delivering lecture material in the classroom. The 
following are the results obtained from the respondents. 

 

Figure 5. Video Suitable for Use as Learning Media 

3.2.5 Video contains content  

Based on the respondent's questionnaire results, an 
average score of 4.3 out of 5. This value is not perfect, 
meaning that the video is not considered to be able to make 
it easier to work on redox questions perfectly. In the video, 
only one example is given. If there are various sample 
questions, it will be easier for the audience to work on redox 
questions. The following are the results obtained from the 
respondents. 

 

Figure 6.  Contains Content That 

3.2.6 Videos containing innovative content 

Based on the results of the questionnaire respondents an 
average score of 4.2 out of 5. This value is not perfect, 
meaning the video does not contain innovative content. 
People open social media more often than watching 
television or reading books in this digital age. Therefore it 
takes people who can distribute the content to digital 
platforms such as social media. The following are the 
results obtained from the respondents. 
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Figure 7. Containing Innovative Content 

3.2.7 Video Contains Complete Redox Material 

Based on the respondent's questionnaire results, an 

average score of 4.3 out of 5. This value is not perfect, 

meaning that the video does not contain all of the redox 

material. In the video, we only discuss balancing 

oxidation numbers. The following are the results 

obtained from the respondents. 

 

Figure 8. Contains Complete Redox Material 

CONCLUSION 

Based on the respondents' responses, it was found that 

the videos made were very good and suitable to be used as 

learning media. This can be seen from the average 

questionnaire results which reached 4.4 out of a maximum 

score of 5. Thus, it can be concluded that the videos made 

can be recommended for use as learning media and can 

help make it easier to work on questions. The videos made 

are expected to be equipped with more complete material. 
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ABSTRACT 
This study aims to determine the effectiveness of the STAD cooperative learning model assisted by bridge cards in 

improving student learning outcomes on the mole concept material at MAN 1 Semarang City. This research is quantitative 

with a pre-experimental design and a Pretest-Posttest control group design. The population in this study were all students 

of class X MIPA MAN 1 Semarang City. The sample used was class X MIPA 1 as the experimental class and class X 

MIPA 4 as the control class. The sample was taken using cluster random sampling technique. Data collection techniques 

used are documentation and tests. Based on the study's results, it is known that the average posttest in the control class is 

81.4, while in the experimental class is 92.7. The results of the independent sample t-test test obtained a value of 0.044 so 

that the STAD type cooperative learning model assisted by bridge cards on the mole concept material effectively improves 

students' cognitive learning outcomes. The N-gain test showed an increase in learning outcomes for the control class of 

0.729, the high category, and the experimental class of 0.884, the high category. 

 
Keywords: Learning Mode; STAD; Learning Media; Bridge Card; Cognitive Learning Outcomes. 

 

 

INTRODUCTION 

Chemistry is included in academic specialization 

subjects designed to foster the competence of students' 

attitudes, knowledge, and skills based on interests, 

expertise, and academic abilities in each scientific 

subject. Chemistry subjects can have more knowledge 

because their very complex scope makes students have 

to understand in depth. Chemistry becomes a pleasant 

science if practiced safely and there are benefits, such as 

making soap from used cooking oil with a saponification 

reaction. 

Learning delivered is more exciting and can develop 

students' cognitive abilities and creativity with the 

suitable models and media [1]. Based on the research 

conducted at MAN 1 Semarang City, during the Covid-

19 pandemic, chemistry learning in class X MIPA was 

carried out with a lecture model with the help of Google 

Meet or the Quipper application due to government 

regulations regarding distance learning rules.  

Based on the results of interviews with chemistry 

teachers and students at MAN 1 Semarang City, the 

application of this rule resulted in low student cognitive 

learning outcomes. This is because students often find it 

difficult to explore the concept of the material if the 

learning takes place one way. Changes in learning 

outcomes refer to the teaching taxonomy which includes 

three aspects, namely cognitive, affective and 

psychomotor. Learning or studying is good, so it must 

continue to be done anywhere and anytime because 

learning is not only done in the classroom but can come 

from daily events. The command to learn is contained in 

H.R Ibn Majah, Baihaqi: 

 طَلبَُ الْعِلمِْ فرَِيْضَةٌ عَلىَ كلُِِّ مُسْلمِ  

Means: 

"Seeking knowledge is mandatory for every Muslim and 

Muslim woman from swing to the grave." 

The learning outcomes in this study are limited to 

cognitive aspects related to thinking activities, exploring 

and solving problems at six levels, namely knowledge, 

understanding, application, decipherment, synthesis, 

and assessment [2]. Learning, according to the theory of 

processing from cognitive psychology, is a process of 

information processing that begins with observations 

during learning, storage or the process of remembering 

in the short or long term, and conclusions to the stored 

information then issued back by students through exams 

or practice questions [3].  

Based on interviews with teachers, students have 

difficulties in the material of the concept of moles 

because they relate to mathematical calculations, 

reaction equations and the use of symbols. The statement 

is in line with the opinions of students who have 

difficulty in the material that has a count and the 

implementation of limited learning activities. The 

concept of mole which includes Ar or Mr is less 

understandable because measuring an atom's mass or 

molecule is quite difficult without a clear example, such 

as imagining the mass of a water molecule [4]. In the 

2021/2022 academic year, the government relaxed the 

rules for distance learning (PJJ). MAN 1 Semarang City 

applies 50% of classroom capacity for face-to-face 

learning so that education after the pandemic needs to be 
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prepared optimally, one of which is the renewal of 

learning models. The learning model that can be applied 

is the STAD type cooperative model. Students learn in 

groups and work together to understand the concept of 

the material presented by the teacher. The stages of 

cooperative learning include teaching, learning in teams, 

tests, and rewards that can increase cooperation in 

groups, critical thinking, motivation, and responsibility. 

The advantage of the STAD model lies in the application 

of learning steps, namely that students can think 

critically, increase cooperation and be responsible for 

the group. 

One of the things needed in learning the STAD 

model is cooperation between students. The use of 

learning media can help this. The use of learning media 

can help students get rid of the seriousness that hinders, 

make students the subject of learning and make students 

not easily bored, so that understanding of the material 

can be obtained optimally [5]. The existence of learning 

media, students are not easily bored with learning in 

class [6]. One of the learning media that can be applied 

is the chemistry bridge card. 

METHOD 

This research uses a quantitative approach with data 

from numbers and statistical analysis [7]. The model 

used in this study is a pre-experimental design. The type 

chosen is a Pretest-Posttest control group design to 

compare the state before and after treatment so that the 

results can be known more accurately. This research was 

conducted at MAN 1 Semarang City, consisting of 

experimental and control classes using cluster random 

sampling techniques. The data collection technique in 

this study is the cognitive learning outcomes test through 

pretest and posttest in the form of multiple choice and 

documentation such as data on the final assessment of 

the 2021/2022 academic year. The instrument tests are 

validity, reliability, difficulty levels, and differentiating 

power. The test result data of the test instrument is used 

for pretest and posttest.   

The data analysis of this study applies 1) population 

data analysis using normality tests and homogeneity 

tests through PAS data for the first semester of the 

2021/2022 academic year. 2) Test the prerequisite 

analysis using a normality and homogeneity test with 

pretest data to determine if the sample is in the same 

state. 3) Hypothesis testing using independent sample t-

test to determine whether there is an average difference 

between the two data groups with a significance level of 

0.05. 4) N-Gain test to determine the magnitude of the 

increase in cognitive learning outcomes through pretest 

and posttest. 

RESULTS AND DISCUSSION 

This research was conducted at MAN 1 Semarang 

City from May 21 to May 24, 2022. Students of class X 

MIPA MAN 1 Semarang City for the 2021/2022 

academic year are used as the research population. The 

study sample used experimental and control classes, 

namely X MIPA 1 and X MIPA 4 respectively. The test 

results of the test instrument showed a rtabel validity test 

of 0.3961. The results of the calculation of the validity 

test are in Table 1. 

Table 1. Validity Test 

Criteria Question Number Number 

Valid 

3, 4, 5, 6, 7, 8, 9, 10, 11, 

12, 14, 18, 20, 22, 23, 

24, 25, 27, 29, 30, 33, 

34, 35, 36, 40 

25 

Invalid 

1, 2, 13, 15, 16, 17, 19, 

21, 26, 28, 31, 32, 37, 

38, 39 

15 

 

Based on Table 1, 25 questions were declared valid, 

while 15 were declared invalid.  

The reliability test of the question using the 

Spearman-Brown formula with instrument criteria is 

said to be reliable if r11 > rtabel. The calculation results 

show r tabel value of 0.80 while r11 is 0.937, so the 

question items tested are reliable or very well used. A 

difficulty level test can analyze question items including 

easy, moderate or difficult for students. Difficulty level 

test results in Table 2. 

 

Table 2 Difficulty Level of The Question 

Criteria Question Number Number 

very 

difficult 
31, 37, 39, 40 4 

Difficult 
5, 11, 12, 14, 15, 17, 19, 

25, 28, 32, 33, 35, 36 
13 

currentl

y 

2, 3, 4, 6, 7, 8, 9, 10, 13, 

16, 18, 20, 21, 22, 23, 24, 

26, 27, 29, 30, 34, 38 

22 

easy 1 1 

The question item can distinguish students' high and 

low ability with the specific power test. The result of the 

calculation of the differentiating power of the question. 

 

Table 3 The Differentiating Power of the Problem 

Criteria Question Number Number 

bad 17, 19, 28, 31, 37, 38, 39 7 

enough 1, 2, 13, 15, 16, 21, 26, 32 8 

good 3, 4, 5, 6, 7, 8, 9, 11, 14, 

18, 20, 22, 23, 24, 25, 27, 

29, 33, 35 

19 
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Criteria Question Number Number 

very 

well 
10, 12, 30, 34, 36, 40 6 

Based on the test results of the test instrument, 25 

good questions were used. The questions used for pretest 

and posttest are 20 questions with details numbers 3, 4, 

5, 8, 9, 10, 12, 14, 18, 20, 22, 23, 24, 29, 30, 33, 34, 35, 

36, 40. Normality testing is measured through the 

Kolmogorov-Smirnov test. The results of calculating the 

normality of pas scores in the first semester of the 

2021/2022 academic year.  

Table 4 Population Normality Test: 

Class Sig Value 

X MIPA 1 0,114 

X MIPA 2 0,000 

X MIPA 3 0,023 

X MIPA 4 0,200 

X MIPA 5 0,032 

X MIPA 6 0,019 

Based on Table 4, the classes with a sig value of > 

0.05 are the MIPA 1 and MIPA 4 classes. The class is 

then used as a research sample. Homogeneity testing is 

measured through the Levene test. The calculation of the 

homogeneity test of class X MIPA 1 and MIPA 4 

showed a sig value of 0.635 or the data was 

homogeneous. As for the prerequisite analysis test, the 

normality test is measured through the Kolmogorov-

Smirnov test. The results of the pretest normality test of 

the research sample. 

 

Table 5 Pretest Normality Test 

Class Sig Value 

X MIPA 1 0,20 

X MIPA 4 0,11 

 

Based on Table 5, the sample has a sig value of > 

0.05, meaning that the experimental and control classes 

have the same initial conditions. Homogeneity testing is 

measured through the Levene test. The calculation 

results show that the sample pretest data is homogeneous 

with a sig value of 0.070 

The control class applies a lecture model with the 

help of powerpoint, while the experimental class applies 

a bridge card-assisted STAD model. In the initial stage 

of the study, the control and experimental classes 

worked on the pretest questions face-to-face for 45 

minutes. The basic abilities of the control and 

experimental class students were shown by normality 

tests with sig scores 0.20 and 0.11. Homogeneity test the 

sample produced a sig value of 0.070 or the data is 

homogeneous. Here are the steps of the STAD learning 

model that researchers apply: 

1. Form Small Groups heterogeneously 

This stage is essential to STAD because students are 

trained in a group to solve problems by discussing 

between friends and learning to work together to achieve 

the expected academic ability. The formation of small 

heterogeneous groups aims to make students who have 

high knowledge skills can help students who have lower 

knowledge skills [8]. The students of the experimental 

class are divided into 5 study groups, and each group 

consists of 6 students based on their seats.  

2. Presentation of Subject Matter 

The presentation of material by teachers using 

powerpoint media verbally is expected to be able to 

make students pay attention to the teacher during the 

presentation of the subject matter. This helps students 

understand the material so that they can do practice 

questions. Students actively ask about material that is 

not yet understood. If the media used is monotonous and 

boring, it can worsen student learning outcomes, such as 

reading textbooks full of dense text [9]. The material 

studied is the concept of mole which includes the mass 

of relative atoms or molecules, the relationship between 

mole and molar mass, the relationship of a mole to the 

number of particles, the relationship of mole to volume, 

and the relationship between the volume of gas at a non-

standard state.  

3. Assigning Tasks to Groups 

In this stage, the teacher helps each group to divide 

tasks efficiently. Researchers apply bridge card media 

consisting of two types, namely the relationship card 

between the relative molecular mass, mole and the 

number of particles, and the relationship card between 

the mole with the standard volume and volume in a non-

standard state. Each group chooses one of its members 

to play the cards, while the other members of the group 

assist in completing the calculation of the mole concept. 

Each group is given 3 minutes to discuss and the group 

members have their tasks in the measures. Like one 

student calculates the Mr value of the compound while 

the other student looks for the right formula to complete 

the calculation.  

Researchers guide students who have difficulty in 

calculations because completing it requires 

understanding the concept of interconversion of moles 

with molar masses, the number of particles and their 

volume. During the application of bridge card media, 

students are fully engaged in learning. The class 

atmosphere was fun as each group competed to be the 

fastest in arranging the cards. Boring learning media 

impacts low student activities and learning outcomes. 

Teachers need different media so that learning is more 

varied and fun. 

4. Give practice questions to all students. 

Individual assessment aims to motivate students to 

work hard to obtain better results. Practice questions that 

are done can help students get a learning experience 

[10]. Researchers provide five description questions to 
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train and deepen students' cognitive understanding of the 

material that has been given. However, due to limited 

time, students work through the google form provided 

by the researcher. 

5. Evaluation 

The evaluation stage aims to determine or assess 

learning outcomes on the mole concept material studied. 

The evaluation application in the STAD step gives 

students two learning experiences, first from the teacher 

at the time of presentation and second from students or 

groupmates [11]. The evaluation stage of this study was 

carried out by asking group representatives to explain 

the calculation results of the questions on the bridge card 

so that other students could understand how to solve 

these questions.  

6. Rewarding the Group 

Team recognition can be done by rewarding the 

group if the group's average score reaches a specific 

criterion. The awarding makes students more active and 

creative because in the future, every individual will be 

interested if they get an award in the form of a prize or 

more value [12]. Researchers awarded awards based on 

three groups that were the fastest at properly arranging 

cards.  

The final stage of the study, the control and 

experimental classes are given posttest questions to 

determine the extent to which students understand the 

subject matter. The posttest questions are done online 

with the help of google forms because of the limited time 

considering that the research takes place in the last week 

before the implementation of the end-of-semester 

assessment. During the learning process using a STAD-

type cooperative learning model assisted by bridge 

cards, many students are active in learning and 

enthusiastic about playing bridge card media. The bridge 

card-assisted STAD learning model applied by 

researchers can invite students to play an active role as 

learning subjects and peer tutors for their group of 

friends so that it is possible to improve student learning 

outcomes. This can be seen from the calculation of 

pretest-posttest values in the experimental and control 

classes showing significant differences. 

 
Figure 1 Average Pretest-Posttest scores 

 

The average pretest and posttest values in the control 

class were 34.8 and 81.4, while the experimental classes 

were 35.4 and 92.7. This shows that the experimental 

class has better cognitive learning outcomes after 

applying the bridge card-assisted STAD model 

compared to the control class that uses the lecture 

method. The KKM (Minimum Completion Criteria) 

determined in chemistry subjects at MAN 1 Semarang 

City is 70. The percentage of completion of cognitive 

learning outcomes of students in the experimental class 

and control class can be seen in Figure 2. 

 

 
Figure 2 Completion of Learning Outcomes 

 

Based on Figure 2, in an experimental class of 35 

students, 33 met the KKM, while the rest did not meet 

the KKM. As for the control class of 34 students, the 

number of completed students was 26 students. 

Meanwhile, those who have not met the KKM are eight 

students.  

Researchers tested the average improvement in 

student cognitive learning outcomes using the N-gain 

test. The difference between the results of the control 

class and experimental N-gain test can be seen in Figure 

3. 

 
Figure 3 N-gain Test Results 

 

On average, the resulting N-gain test results showed 

that the cognitive learning outcomes of experimental 

class students improved better than the control class. The 

experimental class showed an N-gain of 0.884 and 

belonged to the high category. The control class also 

belongs to the high category with an N-gain value of 

0.729. The measurement of effectiveness can be seen 

from students' cognitive learning outcomes through 

hypothesis testing. Based on the calculation of the 

hypothesis test using an independent test, the t-test 

sample obtained a sig value was 0.044 so H0 was 

rejected, and H1 was accepted. The test showed that the 

STAD-type cooperative learning model assisted by 

bridge cards on the mole concept material effectively 

improved student cognitive learning outcomes.  

Students discussed each other in the experimental 

class by applying the STAD-type cooperative learning 
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model assisted by bridge cards. They worked together in 

groups to work on the tasks given by the teacher [13]. 

Students who have higher proficiency help students who 

have lower proficiency, students who are reluctant to ask 

the teacher get the opportunity to ask questions with 

their friends, and students also learn to make conclusions 

and present conclusions made with their group thus 

students can be involved in a learning process that takes 

place both ways. 

Bridge card learning media can make learning more 

varied with a learning atmosphere that is not boring. 

Learning media can arouse students' motivation and 

interest in learning. Based on observations made by 

researchers, the atmosphere of the experimental class is 

more pleasant and the students' motivation rises along 

with the appreciation of the STAD step.  

CONCLUSION 

Based on the research, it can be concluded that the 

STAD type cooperative learning model effectively 

improves students' cognitive learning outcomes on the 

mole concept material with a hypothesis test result of 

0.44. The N-gain test can prove the increase in cognitive 

learning outcomes in the experimental class of 0.884 

including the high category and the control class 

showing the N-gain value of 0.729 including the high 

category. 
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ABSTRACT 

Learning media is one component of learning that has an important role in teaching and learning activities. The problem 

behind the development of green chemistry-based video media is the lack of innovation and creativity in the use of 

media so that it is less attractive and students' interest in learning is low, and practicum activities are not carried out 

optimally. The purpose of this study was to determine the feasibility and responses of students to video media for 

learning electrolyte and non-electrolyte solutions based on green chemistry. This research is a development research 

with a modified 4-D model into 3-D. The instruments used in this study were: material expert validation sheets and 

media experts and student response questionnaires. The data analysis technique used Aiken's formula on material and 

media expert validation and the value of the student response category on green chemistry-based learning video media. 

The results of this study produced learning video media on green chemistry-based electrolyte and non-electrolyte 

solution materials with average results by material experts 0.87 with valid categories, and media experts 0.86 valid 

categories, the results of student responses obtained an ideal percentage of 80.83% with good category. 

Keywords: green chemistry; interest in learning; learning videos

1. INTRODUCTION 

The learning process does not escape the media 
used to assist educators in delivering material to 

students. The existence of learning media in the 

classroom is expected to achieve learning 

objectives and more conducive learning activities 
[1]. An educator must be able to apply learning 

models and use appropriate media so that students 

can master and understand the material. Apart 
from educators, students also have an important 

role in the success of the learning process. Based 

on the results of observations that have been made, 

there are still many students who think that 
chemistry lessons are difficult and less interesting. 

This is because many concepts are abstract, only 

memory and calculation, so students find it 
difficult to understand the relationship between 

one concept and another. Research conducted by 

Hemayanti et al.,  also said that the main trigger 
for student learning difficulties was the lack of 

attention of students when taking chemistry 

lessons so that student learning outcomes were 

low [2]. 

Based on the results of interviews with class X 

chemistry teachers at SMAN 13 Semarang, that 

the behavior of students in following the learning 
process is not responding, being passive, only a 

few students are active in learning. In addition, 

learning activities cannot be separated from the 
lecture method in discussing the material, it causes 

students to be less interactive in the learning 

process. Then the lack of innovation and creativity 

of educators in using learning media. These 
problems resulted in low student interest in 

learning and the learning process was not optimal. 

One of the efforts for students' understanding 
of chemistry learning is to do a practicum, one of 

which is electrolyte and non-electrolyte solution 

material. The existence of practical activities in 
the laboratory that use chemicals cause 

environmental pollution. According to Anisa & 

Mitarlis Laboratory activities can result in 

environmental pollution due to the use of 
unfriendly chemicals and waste produced from 

laboratory results, which can be minimized by 

applying the principles of green chemistry [3]. 
Green chemistry or green chemistry is a new 
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branch of chemistry and focuses on the application 

of certain chemical rules in the experiment, 
analysis and reduction of chemicals for the use or 

production of hazardous substances, for the health 

of organisms and for environmental protection [4]. 

Green chemistry has 12 principles that can be 
used as a reference in designing safe chemical 

activities and producing products without 

hazardous waste [5]. The principle of green 
chemistry to be applied in this research is the use 

of renewable materials with the use of safe 

materials, easy to find around and affordable 

material prices, the use of safe solvents, 
minimizing the potential for accidents during the 

practicum process, and preventing the emergence 

of laboratory waste to protect the school 

environment.  

Video media is an alternative solution for 

educators in providing learning media to help 
educators deliver material to make it more 

interesting for students. learning that uses video 

can be used to display evidence about natural 

events that have been made in such a way and help 
understanding practicum on electrolyte and non-

electrolyte solution materials. In addition, through 

learning media using video, students can 
understand a material faster than learning through 

textbooks, as usual the learning media is made 

interesting, so students will not feel bored and can 
increase student interest in learning, such as 

research conducted by Pagarra & Idrus resulted 

that the use of video media in science subjects had 

a positive influence on increasing student interest 

in learning [6]. 

The purpose of this study was to determine the 

feasibility of green chemistry-based video media 
as a learning medium and student responses to 

green chemistry-based learning video media. 

2. METHOD 

2.1. Research Model 

The type of research used in this study is a 
research and development method or what can be 

called Research and Development (R&D) with a 

4-D model modified into 3D, namely Define, 

Design, Develop, the disseminate stage does not 

carried out due to time and cost constraints. 

The development procedure in this research is 

the Define stage, which includes observations and 

interviews for class X chemistry teachers to find 

out the problems that exist in the field. The Design 
stage includes designing the media that you want 

to develop, such as making a script of the material 

you want to display, taking videos, editing so as to 
produce green chemistry-based learning videos. 

The Develop stage includes media validation, 

revision and product testing which includes data 

collection on student responses and student 
interest in learning. The following development 

procedures carried out in this study can be seen in 

Figure 1. 

2.2. Participant 

The population taken from this study were 

students of class X MIPA SMAN 13 Semarang. 
The sample collection technique in this researcher 

is in a small-scale trial only taking 10 samples with 

purposive sampling technique. 

2.3. Instrument 

The instrument used for data collection is a 

media validation questionnaire by material experts 
and media experts as well as student response 

questionnaires. 

2.4. Data Analysis 

Expert validation data analysis 

The instrument used to determine the 

feasibility of the media is using a material expert 

questionnaire and a media expert questionnaire as 
many as 6 people. Using the Aiken's V formula 

with the lowest validity value of 0.78 valid 

categories, the following Aiken's V formula is 

used: 

Aiken's statistical formula: 

 

V =
Σs

[n(c−1)]
 ………(1) 
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Analyze student response data 

This student response questionnaire has 4 
answer choices according to the content of the 

question. The total number of student response 

scores is then calculated in the formula Table 1. 

 

Figure 1. Development Procedure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

 

 

 

Table 1. Ideal Assessment Criteria 

No Score Range Category 

1 X > Xi + 1,8 × sbi Very Good 

2 Xi + 0,6 × sbi < X ≤ Xi + 1,8 × sbi Good 

3 Xi − 0,6 × sbi < X ≤ Xi + 0,6 × sbi Enough 

4 Xi − 1,8 × sbi < X ≤ Xi − 0,6 × sbi Not Good 

5 X ≤ Xi − 1,8 × sbi Very Less 

 

3. RESULTS AND DISCUSSION 

This development will produce learning video 

products based on green chemistry on electrolyte 
and non-electrolyte solutions to increase student 

interest in learning. The results of this study 

include: the results of developing green chemistry-

based learning video media products and student 
responses to green chemistry-based learning 

videos. 

Develop 
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Results of Product Development of Green 

Chemistry-Based Learning Video Media 

The initial product development carried out in 

this study, namely at the define stage, the 

researchers conducted observations and 

interviews with the chemistry teacher for class X 
MIPA at SMAN 13 Semarang that students were 

still not interested in chemistry lessons and 

considered chemistry lessons difficult so that 
students' interest in chemistry lessons was still 

lacking. maximum, besides that there is less 

variation in the use of learning media because the 

source of the material used is still pegged to the 
book. In addition, it is not optimal in the practical 

implementation. 

Chemistry lessons are important to do practical 
activities because in chemistry learning students 

are required to be more independent in learning, 

not just academic understanding, but also practical 
skills that are applied in everyday life [7]. With 

this practicum activity students can get direct 

experience, because students can follow the 

process through an observation, analyze and prove 

and can draw conclusions [8]. 

In the Design phase, the researchers designed 

the media to be developed, namely learning video 

media for green chemistry-based electrolyte and 
non-electrolyte solutions. The contents of the 

video that will be displayed include the title, basic 

competencies, learning objectives, appreciation, 
subject matter about electrolite and non-electrolite 

solutions, simple practicum, and conclusions. 

The results of the green chemistry-based 

learning video carry out the expert validation stage 
to determine the feasibility of the developed 

media, the expert validation stage includes 

material experts and media experts. The data 
obtained using a questionnaire given to 6 material 

and media experts. The results of the material and 

media expert validation data can be seen in Table 

2 and Table 3. 

 

Table 2. Material Expert Validation Results 

No Assessment Aspect Validity Value (V) Category 

1 Content aspect 0.88 Valid 

2 Aspects of learning quality 0.87 Valid 

Average 0.87 Valid 

 

Table 3. Media Expert Validation Results 

No Assessment Aspect Validity Value (V) Category 

1 Display Aspect 0.87 Valid 

2 Language Aspect 0.87 Valid 

3 Benefit Aspect 0.83 Valid 

Average 0.86 Valid 

 

Based on Table 2 and Table 3, the average 

value of learning videos by material and media 

experts is known to be valid or feasible to use, with 
valid values of  0.87 and 0.85 [9]. The 

effectiveness of the use of learning videos in 

chemistry learning has been proven from the 

results of research by Endriani et al.,  that the use 

of video media on chemistry is effective for use in 
chemistry learning and can improve students' 

critical thinking because students look more active 
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and interested [10]. Then, the use of video media 

teaches students to practice independently with 

video exposure as a guide [11]. 

Based on the results of validation by material 

and media experts, there are several parts of the 

development media that need to be improved, the 
following revisions were made to improve green 

chemistry-based learning video media: 

Student Responses to Green Chemistry-Based 

Learning Videos 

Small-scale trials were carried out to determine 

student responses to green chemistry-based 
learning video media on electrolyte and non-

electrolyte solution materials, student response 

data were taken from 10 students from the selected 

class with the criteria of 3 students having the 
highest score, 4 students having moderate scores 

and 3 students having grades. the lowest value of 

PAS. The following are the results of the analysis 

of student response data seen in Table 4. 

 

Table 4. Results of Student Response Questionnaires 

Aspect 
Respondent Score 

R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 

Interest in learning media 9 12 9 12 9 9 9 9 9 12 

Material mastery 12 14 12 13 12 12 11 11 12 16 

Appearance 9 12 9 10 9 11 8 9 9 12 

Execution 6 7 6 6 6 8 6 6 7 8 
Amount 36 45 36 41 36 40 34 35 37 48 

Average 38.8 

% Ideal 80.83% 

Category Good 

 

The data in Table 4 shows that the average 

student assessment of green chemistry-based 
learning video media as a whole is 80.83% with a 

good category (B). This student response is useful 

for knowing the extent of student responses and 

reactions to the learning media used, based on the 
results of the student needs questionnaire that the 

use of learning videos in chemistry lessons gets a 

very good response. It is proven from the research 
of Humaidi et al.,  that the use of instructional 

video media gets a very positive response in the 

details of the calculation of student response 
questionnaire results [12]. In addition, the use of 

instructional video media not only makes learning 

more interesting, but the learning provided is 

easier to understand, abstract chemical concepts 
can be explained, and learning objectives are 

communicated quickly. Based on the response 

values obtained in small-scale trials. Green 
chemistry-based learning video media on 

electrolyte and non-electrolyte solution materials 

that have been suitable for use. 

The importance of using learning media in the 

learning process has been proven from Faradila & 
Aimah, from the results of their research that the 

use of learning media can increase student interest 

in learning by using interesting learning media 

[13]. One of which is the use of green chemistry-
based learning video media featuring practical 

activities, as the opinion of Putri et al., there is an 

increase in learning outcomes in the use of 
practicum learning videos so that it can be 

concluded that students are easier to understand 

the material [14]. 

The development of green chemistry-based 

learning video media on electrolyte and non-

electrolyte solution materials that have been 

developed through the Define, Design, and 
Develop stages overall this video media has 

received a good response from students. 

4. CONCLUSION 

Based on the results of research data and 

discussion on the development of green 
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chemistry-based learning video media on 

electrolyte and non-electrolyte solution materials 
that have been described, the following 

conclusions can be drawn: 

The development of green chemistry-based 

learning video media is appropriate to be used as 
a learning resource. This can be seen from the 

results of the average feasibility test by material 

experts is 0.87 with a valid category, media 

experts 0.86 valid category. 

The results of the limited-scale trial on student 

responses regarding learning video media for 

electrolyte and non-electrolyte solution materials 
obtained a percentage of 80.83% with good 

categories. 
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ABSTRACT 

The Big Bang Nucleosynthesis (BBN) was the stage in the universe's evolution when helium-4 was produced. According 

to BBN theory, there are Constraints to all standard model extensions. Assuming in the Modified Mirror Model, the 

temperature of the real sector is the same as the mirror sector after warming back after inflation, 𝑇𝑖 = 𝑇𝑖
′ = 1013𝐺𝑒𝑉. 

When the Big Bang Nucleosynthesis occurs, several massive particle decay processes can cause a temperature difference 

between the real and mirror sectors. The temperature ratio between mirror sectors is ≅ 0.03 − 0.05 with the lower 

bound of the mass ratio of real and mirror scalar fields 𝑚𝜙𝑒
/𝑚𝜙𝑒𝐸 

≅ 0.5. 

Keywords: Standard Model, Big Bang Nucleosynthesis, Mirror Model, Particle Physics, Feynman Diagram 

1. INTRODUCTION 

One of the stages of the universe's evolution is the 

production of past light nuclei known as Big Bang 

Nucleosynthesis (BBN) era. The ongoing process of 

BBN is explained by the Standard BBN theory, which 

consists of the Particle Physics Standard Model and the 

Cosmological Standard Model. BBN theory predicts that 

at about one MEV, a quarter of the universe was 

dominated by relic abundances of helium-4 [1]. The 

prediction of the BBN theory provides constraints on the 

number of light particles at BBN temperatures. If there 

are light particles whose masses are in the same order as 

neutrinos in the mass of BBN, the number of additions 

allowed is only one [2]. The BBN theory follows the 

results of extrapolating observational data; the other 

relativistic particles allowed are around Δ𝑁 < 0.2 − 0.3 

[3]. This additional light particle is only possible if the 

particle temperature is lower than the photon 

temperature. 

The Standard Particle Model can predict the masses 

of the 𝑊±  and 𝑍0  bosons. However, it cannot explain 

dark matter, particle-antiparticle asymmetry, and mass 

hierarchy. Several expansions of the Standard Model, 

such as the 𝑆𝑈(5) grand unified theory with A 4 modular 

symmetry [4], Minimal Left-Right Supersymmetry 

Model [5], Minimal Extension of the Standard Model [6], 

Modified Left-Right Symmetry Model[7][8][9] and other 

models. that hope can solve the problem. Massive 

particle decay with a lifetime of 10−2𝑠   has been 

examined, and did not affect the abundance of relic 

Helium-4 [10].  A model with massive neutral lepton 

decay has been examined; this Model managed to avoid 

the problem of BBN with a particle lifetime of less than 

0,02s [11]. In the modified mirror model, there is a mirror 

sector; there are mirror particles that have the potential to 

affect the abundance of past light nuclei. Thus, it is 

necessary to analyze the BBN constraints on the modified 

mirror model. 

2. THE MODEL 

The Modified Mirror Model is built based on the gauge 

group 𝑆𝑈(3)1⊗𝑆𝑈(3)2⊗𝑆𝑈(2)𝐿⊗𝑆𝑈(2)𝑅⊗

𝑈(1)𝑌⊗𝑈(1)𝑋 . The list of particles in this model is 

shown in Table 1 

Table 1. Particle with the Fundamental Representative 

Real 

Sector 
Representative 

Mirror 

Sector 
Representative 

ℓ𝐿 1,1,2,1,−1,−1 𝐿𝑅 1,1,2,1,−1,1 

𝜈𝑅 1,1,1,1,0,0 𝑁𝐿 1,1,1,1,0,0 

𝑒𝑅 1,1,1,1,−2,−2 𝐸𝐿 1,1,1,1,−2, −2 

𝑞𝐿 3,1,2,1,
1

3
,
1

3
 

𝑄𝑅 
3,1,2,1,

1

3
,−
1

3
 

𝑢𝑅 
3,1,1,1,

4

3
,
4

3
 

𝑈𝑅 
3,1,1,1,

4

3
,−
4

3
 

𝑑𝑅 
3,1,1,1,−

2

3
, −
2

3
 

𝐷𝑅 
3,1,1,1,−

2

3
, 2 

𝜒𝐿 1,1,2,1,−1, −1 𝜒𝑅 1,1,2,1,−1,1 

𝜙𝑒 1,1,1,1,−2, −2 𝜙𝐸  1,1,1,1,−2, −2 
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The scalar field potential that describes the interaction 

between the most common scalar fields that is invariant 

to the gauge transformation is shown by Equation (1) 

𝑉𝐻 = −𝜇1
2(|𝜒𝐿|

2 + |𝜒𝑅|
2) − 𝜇2

2(|𝜙𝑒|
2 + |𝜙𝐸 |

2) 

+𝜆1(|𝜒𝐿|
4 + |𝜒𝑅|

4) + 𝜆2(|𝜙𝑒|
4 + |𝜙𝐸 |

4) 

+𝛼1|𝜒𝐿|
2|𝜒𝑅|

2 + 𝛼2|𝜙𝐸 |
2|𝜙𝑒|

2 

+𝛼3(|𝜒𝐿|
2|𝜙𝐸 |

2 + |𝜒𝑅|
2|𝜙𝑒|

2) 
+𝛼4(|𝜒𝐿|

2|𝜙𝑒|
2 + |𝜒𝑅|

2|𝜙𝐸 |
2)                           (1) 

Yukawa's interaction most common restriction on 
these modified mirror models is shown by 

Equation (2) 

 

𝐿 ⊃ 𝐺𝑒(ℓ̅𝐿𝜒𝐿
𝐶𝑒𝑅 + �̅�𝑅𝜒𝑅

𝐶) 

−𝐺𝜈(ℓ𝐿𝜒𝐿𝜈𝑅 + �̅�𝑅𝜒𝑅𝑁𝐿) 
−𝐺𝑑(�̅�𝐿𝜒𝐿

𝐶𝑑𝑅 + �̅�𝑅𝜒𝑅
𝐶𝐷𝐿) 

−𝐺𝑢(�̅�𝐿𝜒𝐿𝑢𝑅 + �̅�𝜒𝑅𝑈𝐿) 
−𝐺𝜈𝑒(�̅�𝑅𝜙𝑒𝑁𝐿 + �̅�𝜙𝐸𝜈𝑅) 
−𝐺𝜈𝑒

′ (�̅�𝑅𝜙𝑒𝜈𝑅
𝐶 + �̅�𝜙𝐸𝑁𝐿

𝐶) 
−𝐺𝜈

′(ℓ̅𝐿𝜒𝐿𝑁𝐿
𝐶 − �̅�𝑅𝜒𝑅𝜈𝑅

𝐶) 

−𝑀𝑚(�̅�𝑅
𝐶𝜈𝑅 −𝑁𝐿

𝐶𝑁𝐿) 
−𝑀𝑑�̅�𝐿𝜈𝑅 + ℎ. 𝑐.                                 (2) 
 

Equation (2) describes this Model's interaction between 

fermions and the scalar field. 

3. TEMPERATURE EVOLUTION 

Based on the modified mirror model, BBN occurs 

when the universe is dominated by radiation energy 

density. The expansion rate of the universe is shown by 
Equation (3) 

 

𝐻2 =
8𝜋

3𝑚𝑝𝑙
2 (𝜌𝑛 + 𝜌𝑐)                           (3) 

 

Where 𝜌𝑛is the energy density of the real sector, and 𝜌𝑐 is 

the energy density of the mirror sector. The different 

energy densities of the particles in the mirror sector will 

certainly affect the production of relic helium-4. 

According to BBN theory, the additional relativistic 

degrees of freedom that can still be tolerated are Δ𝑔∗ =
1,75 with Δ𝑁 = 1. For this Model to satisfy the BBN 

constraint, the temperature of the mirror sector must be 

lower. Thus Equation (3) turns into Equation (4) 

 

𝐻2 =
8𝜋

3𝑚𝑝𝑙
2 𝑔∗

𝜋2

30
𝑇4 (1 +

𝑔∗
′𝑇′4

𝑔∗𝑇
4
)        (4) 

 

It is assumed that the particles of the real sector and the 

mirror sector do not interact with each other. The 

interaction that may occur is the decay process of the 

massive particles in each sector released from thermal 

equilibrium. The decay process contributes entropy, the 

amount of which can be determined using the laws of 

thermodynamics as shown by the Equation (5) 

 

𝑆
1
3�̇� = ∑

(
2𝜋2

45 𝑔∗
)

1
3
𝑅4𝜌𝑘

𝜏𝑘
𝑘

                       (5) 

 

By solving equation (5) it can be obtained the entropy 

ratio of the final condition (𝑡 ≫ 𝜏) to the initial condition 

(𝑡 ≪ 𝜏)  per comoving volume shown by Equation (6) 

 

(
𝑆𝑓
𝑆𝑖
)

4
3

≅ 2,42∑
(𝑚𝑘𝑌𝑘𝑖)

4
3𝑔∗

1
3𝜏
𝑘

2
3

𝑚
𝑝𝑙

2
3𝑘

               (6) 

 

In the period after post-inflation reheating, the 

temperature of the real and mirror sectors is the same, 

namely 1013𝐺𝑒𝑉. At this temperature, the energy density 

of the two sectors is dominated by non-relativistic 

massive particles, namely 𝜈𝑅  and 𝑁𝐿 . The effective 

masses of the two particles are almost the same as the 

temperature at that time. Flavor base particle𝜈𝑅  and 𝑁𝐿 an 

be written in mass basis, 𝜈𝑅 = 𝑃𝑅𝜈
′  and 𝑁𝐿 = 𝑃𝐿𝑁

′ . 

Based on the Yukawa interaction term, the possible decay 

processes of the particles 𝜈′ and 𝑁′ are shown in Table 2.  

Table 2. Neutrino Decay Modes 

𝜈′ decay modes 𝑁′ decay modes 

(𝑎) 𝜈′ → ℓ + 𝜒𝐿 (𝑒) 𝑁′ → ℓ + 𝜒𝐿 
(𝑏)𝜈′ → 𝐿 + 𝜒𝑅 (𝑓) 𝑁′ → 𝐿 + 𝜒𝑅 
(𝑐)𝜈′ → 𝐸′ +𝜙𝐸  (𝑔) 𝑁′ → 𝐸 +𝜙𝐸  

(𝑑)𝜈′ → 𝑒 + 𝜙𝑒 (ℎ) 𝑁′ → 𝑒 + 𝜙𝑒 
 

The neutrino decay modes in table 2 are illustrated via the 

Feynman diagram, as shown in Figure 1. Then the decay 

interaction rate is analyzed using the Golden Rule[12]. 

The temperature ratio after and before the particles 𝜈′ 
and 𝑁′ decays into real relativistic particles with effective 

relativistic degrees of freedom in the real sector 𝑔∗𝐼 =
108,75 shown by the Equation (7) 

 

(
𝑇𝑓𝐼
𝑇𝑖𝐼
)
4

≅ 0.018
𝑚
𝜈′

2
3

𝑔∗𝐼𝑚𝑝𝑙

2
3

(𝐺𝜈
2 + 𝐺𝜈𝑒

2 )−
2
3        (7) 

 

While the temperature ratio in the mirror sector with 

relativistic degrees of freedom 𝑔∗𝐼
′ = 108.75 is shown by 

the Equation (8) 

 

 (
𝑇′𝑓𝐼

𝑇′𝑖𝐼
)
4

≅ 0.018
𝑚
𝑁′

2
3

𝑔∗𝐼𝑚𝑝𝑙

2
3

(𝐺𝜈
2 + 𝐺𝜈𝑒

2 )−
2

3             (8) 

The final temperature ratio of the two sectors shown 

in Equations (7) and (8) is only distinguished by the mass 

𝜈′  and 𝑁′.  However, because at the beginning, it was 

assumed that the effective period was the same, the final 

temperature in the first stage, the temperature in both 

sectors is the same, 𝑇𝑓𝐼 = 𝑇𝑓𝐼
′ . 
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Figure 1. Feynman Diagram of Neutrino Decay Modes 

 

After the universe's temperature decreased by about 

104  GeV, the scalar fields 𝜙𝑒  and 𝜙𝐸  acquired unequal 

vacuum expectation values (VEV). The scalar field 𝜙𝑒 

takes a VEV of 〈𝜙𝑒〉 = 0, while 〈𝜙𝑒〉 =
1

2
𝜐𝜙𝐸 so the mass 

of the scalar field is not the same 𝑚𝜙𝑒
≠ 𝑚𝜙𝐸

. At this 

stage, the prospective mirror photon gains mass. The 

possible decay processes of the particles 𝜙𝑒 ,𝜙𝐸  and 𝛾𝐷  

are shown in the table 3 and 4. 

Table 3. 𝜈′and N' Mediated Decays 

𝜈′ Mediated Decay 𝑁′ Mediated Decay 

(𝑎′)ℎ𝜙𝑒 → 𝑒 + ℓ̅ + 𝜒𝐿
∗ (𝑒′)ℎ𝜙𝑒 → 𝑒 + ℓ̅ + 𝜒𝐿

∗ 

(𝑏′)ℎ𝜙𝐸 → 𝐸′ + ℓ̅ + 𝜒𝐿
∗ (𝑓′)ℎ𝜙𝐸 → 𝐸′ + ℓ̅ + 𝜒𝐿

∗ 

(𝑐′)ℎ𝜙𝑒 → 𝑒 + �̅� + 𝜒𝑅
∗  (𝑔′)ℎ𝜙𝑒 → 𝑒 + �̅� + 𝜒𝑅

∗  

(𝑑′)ℎ𝜙𝐸 → 𝐸′ + �̅� + 𝜒𝑅
∗  (ℎ′)ℎ𝜙𝐸 → 𝐸′ + �̅� + 𝜒𝑅

∗  

 

Table 4. Direct Decays 

Direct Decay 

(𝑖′)ℎ𝜙𝐸 → 𝜒𝑅 + 𝜒𝑅 

(𝑗′)ℎ𝜙𝐸 → 𝜒𝐿 + 𝜒𝐿 

(𝑘′)𝛾𝐷 → 𝑓 ′̅ + 𝑓′ 
 

The (𝑎’), (𝑏’), (𝑒′)  and (𝑓′)  decay modes are the 

decay of the scalar fields 𝜙𝑒  and 𝜙𝐸  mediated by 

neutrinos 𝜈′  whose decay results contribute entropy in 

the real sector. At the same time, the results of the mode 

decay (𝑐′), (𝑑′), (𝑔′) and (ℎ′) contribute entropy in the 

mirror sector. The Feynman diagram illustrating the 

direct decay mode can be seen in Figure 2. 

 

Figure 2 Feynman Diagram of Direct Decays 

The temperature ratio in the real sector after(𝑡 ≫
𝜏𝜙𝑒)  and before (𝑡 ≪ 𝜏𝜙𝑒)  the scalar fields 𝜙𝑒 and 𝜙𝐸  

decays into relativistic particles with relativistic degrees 

of freedom at this stage 𝑔∗𝐼𝐼 = 106,75  is shown by 

Equation (9) 

(
𝑇𝑓𝐼𝐼
𝑇𝑖𝐼𝐼

)
4

≅ 61,42
(𝐺𝜈𝑒

2 𝐺𝜈
2)−

2
3𝑚

𝜈′

4
3

𝑔∗𝐼𝑚𝑝𝑙

2
3 𝑚𝜙𝑒

4

 

[𝑚
𝜙𝑒

10
3 +𝑚

𝜙𝐸

10
3 (

9(8𝜋)3𝛼3
2𝑚𝜈′

2

4𝜋𝜆2𝐺𝜈𝑒
′2𝐺𝜈

′2𝑚𝜙𝐸
2   

)

−
2
3

]          (9)  

 

Meanwhile, the temperature ratio after (𝑡 ≫ 𝜏𝜙𝐸)  dan 

and before (𝑡 ≪ 𝜏𝜙𝐸)   the field 𝜙𝑒 , 𝜙𝐸 ,  and the mirror 

photon𝛾𝐷  decays in the mirror sector with  𝑔∗𝐼𝐼
′ = 104.75 

shown by Equation (10)  

 

(
𝑇′𝑓𝐼𝐼
𝑇′𝑖𝐼𝐼

)

4

≅ 61,42
(𝐺𝜈𝑒

2 𝐺𝜈
2)−

2
3𝑚

𝜈′

4
3

𝑔∗𝐼𝑚𝑝𝑙

2
3 𝑚𝜙𝑒

4

 

[
 
 
 
 
𝑚
𝜙𝑒

10
3

22/3
+𝑚

𝜙𝐸

10
3 (

9(8𝜋)3𝛼3
2𝑚𝜈′

2

4𝜋𝜆2𝐺𝜈𝑒
′2𝐺𝜈

′2𝑚𝜙𝐸
2   

)

−
2
3

                                   

+ 𝑀𝛾𝐷

16
3 ((8𝜋)3∑

𝑄𝐷𝑓
2 𝑚𝑁′

2 𝑀𝛾𝐷

48𝜋𝐺′𝜈𝑒
2 𝐺′𝜈

2
𝑓

)

−
2
3

]
 
 
 
 

                  (10) 
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The ratio of the final temperature of the first stage to 

the final temperature of the second stage is shown by the 

Equation (11) 

(
𝑇′𝑓𝐼𝐼
𝑇′𝑓𝐼𝐼

)

4

≅
𝑔∗𝐼𝑔∗𝐼𝐼𝑚𝜙𝑒

4

𝑔′
∗𝐼
𝑔′
∗𝐼𝐼
𝑚𝜙𝐸
4   

{
 
 
 

 
 
 
𝑚
𝜙𝑒

10
3

2
2
3

+𝑚
𝜙𝐸

10
3 (

9(8𝜋)3𝛼3
2𝑚𝜈′

2

4𝜋𝜆2𝐺𝜈𝑒
′2𝐺𝜈

′2𝑚𝜙𝐸
2   

)

−
2
3

𝑚
𝜙𝑒

10
3 +𝑚

𝜙𝐸

10
3 (

9(8𝜋)3𝛼3
2𝑚𝜈′

2

4𝜋𝜆2𝐺𝜈𝑒′2𝐺𝜈′2𝑚𝜙𝐸
2   

)

−
2
3

  

+

𝑀𝛾𝐷

16
3 ((8𝜋)3∑

𝑄𝐷𝑓
2 𝑚𝑁′

2 𝑀𝛾𝐷

48𝜋𝐺′𝜈𝑒
2 𝐺′𝜈

2𝑓 )

−
2
3

𝑚
𝜙𝑒

10
3 +𝑚

𝜙𝐸

10
3 (

9(8𝜋)3𝛼3
2𝑚𝜈′

2

4𝜋𝜆2𝐺𝜈𝑒
′2𝐺𝜈

′2𝑚𝜙𝐸
2   

)

−
2
3

}
  
 

  
 

           (11)   

 

The difference in the temperature of the two sectors 

is in the next stage. The degrees of freedom in the real 

sector, real photons are still massless and relativistic, 

while mirror photons are mass and become non-

relativistic. 

When the temperature of the universe decreased by 

about 102 GeV, the scalar fields 𝜒𝐿 and 𝜒𝑅 acquired the 

same VEV, 〈𝜒𝐿〉 = 〈𝜒𝑅〉 = 𝜐. This causes the scalar field 

mass 𝜒𝐿  to equal 𝜒𝑅, 𝑚𝜒𝐿
= 𝑚𝜒𝑅

. Thus, all scalar fields 

have acquired their VEV and mass at this stage. At this 

time, degrees of freedom are decreasing because the 

scalar fields𝜒𝐿  and 𝜒𝑅  are no longer relativistic. The 

magnitude of the degree of relativity in the real sector at 

this stage is 𝑔∗𝐼𝐼𝐼 = 105,75. change in the temperature of 

the real sector, indicated by the Equation (12)  

.  

(
𝑇𝑓𝐼𝐼𝐼
𝑇𝑖𝐼𝐼𝐼

)
4

≅ 1.67
𝑚𝜒𝐿

2
3

𝑔∗𝐼𝐼𝐼𝑚𝑝𝑙

2
3

(𝐺𝑒
2 + 𝐺𝑑

2 +𝐺𝑢
2)−

2
3    (12) 

 

In the mirror sector, the temperature ratio after the 

scalar field 𝜒𝑅  decays, 𝑡 ≫ 𝜏𝜒𝐿  compared to before the 

scalar field 𝜒𝑅  decays into mirror particles with 

relativistic degrees of freedom in this sector 𝑔∗𝐼𝐼𝐼 =
103.75 is shown by Equation (13) 

(
𝑇′𝑓𝐼𝐼𝐼
𝑇′𝑖𝐼𝐼𝐼

)

4

≅ 1.67
𝑚𝜒𝑅

2
3

𝑔∗𝐼𝐼𝐼𝑚𝑝𝑙

2
3

(𝐺𝑒
2 +𝐺𝑑

2 + 𝐺𝑢
2)−

2
3         (13) 

The final temperature ratio in the final stage until 

BBN takes place between the two sectors with the 

assumption 𝑇𝑖𝐼 = 𝑇′𝑖𝐼 is shown by the Equation (14) 

 

(
𝑇′𝑓𝐼𝐼𝐼
𝑇′𝑓𝐼𝐼𝐼

)

4

≅
𝑔∗𝐼𝑔∗𝐼𝐼𝑔∗𝐼𝐼𝐼𝑚𝜙𝑒

4

𝑔′
∗𝐼
𝑔′
∗𝐼𝐼
𝑔′∗𝐼𝐼𝐼𝑚𝜙𝐸

4  

{
 
 
 

 
 
 
𝑚
𝜙𝑒
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3

2
2
3

+𝑚
𝜙𝐸
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3 (

9(8𝜋)3𝛼3
2𝑚𝜈′

2

4𝜋𝜆2𝐺𝜈𝑒
′2𝐺𝜈

′2𝑚𝜙𝐸
2   

)

−
2
3

𝑚
𝜙𝑒

10
3 +𝑚

𝜙𝐸

10
3 (

9(8𝜋)3𝛼3
2𝑚𝜈′

2

4𝜋𝜆2𝐺𝜈𝑒
′2𝐺𝜈

′2𝑚𝜙𝐸
2   

)

−
2
3

  

+

𝑀𝛾𝐷
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2 𝑀𝛾𝐷

48𝜋𝐺′𝜈𝑒
2 𝐺′𝜈

2𝑓 )

−
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3

𝑚
𝜙𝑒

10
3 +𝑚

𝜙𝐸
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3 (

9(8𝜋)3𝛼3
2𝑚𝜈′

2

4𝜋𝜆2𝐺𝜈𝑒′2𝐺𝜈′2𝑚𝜙𝐸
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)

−
2
3
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    (14) 

The temperature difference between sectors is 

maintained until the ancient helium formation occurs. 

The real sector temperature is higher than the mirror 

sector temperature[13]. 

4. BBN CONSTRAINTS 

The temperature ratio between sectors in Equation 

(14) persists until the universe's temperature reaches 1 

MeV. The second term of the Equation (14) is so small 

compared to the first term that it can be neglected. 

Through this approach, the temperature ratio between the 

two sectors while the BBN process takes place is shown 

by the Equation (15) 

(
𝑇′𝑓𝐼𝐼𝐼
𝑇𝑓𝐼𝐼𝐼

)

4

≅
𝑔∗𝐼𝑔∗𝐼𝐼𝑔∗𝐼𝐼𝐼𝑚𝜙𝑒

4

𝑔′
∗𝐼
𝑔′
∗𝐼𝐼
𝑔′
∗𝐼𝐼𝐼
𝑚𝜙𝐸
4  

[2−
2
3𝑚

𝜙𝑒

10
3 ]

[𝑚
𝜙𝑒

10
3 ]

    (15) 

In the modified mirror model, the mirror particle still 

relativistic when BBN takes place is mirror neutrino 𝑁𝑅 

and mirror electron 𝐸𝐿  because the masses of the two 

mirror particles are in the same order as the real light 

neutrino mass 𝜈𝐿 . So, the additional effective relativistic 

degrees of freedom when BBN takes place is shown by 

Equation (16) 

Δ𝑔∗ =
7

8
[3𝑁(2) + 3𝐸(2)] (

𝑇′

𝑇
)

4

             (16) 

Other particles still relativistic when BBN occurs are 

three mirror sector neutrinos and three electron leptons, 

muons, and mirror sector tauons. The temperature ratio 

between the mirror sector and the real sector, according 

to the BBN constraint, is shown by Equation (17) 

(
𝑇𝑓
′

𝑇𝑓
)

4

≅ 0.03 − 0.05                              (17) 
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By substituting the lower limit of the temperature ratio 

(17) into Equation (15), it gave the mass ratio of the scalar 

field 𝜙𝑒 and 𝜙𝐸  is obtained, as shown by Equation (18) 

𝑚𝜙𝑒

𝑚𝜙𝐸

≅ 0.5                                             (18) 

The ratio of the scalar field masses 𝜙𝑒  and 𝜙𝐸 in 

Equation (18) guarantees that the additional particle-

particles introduced in the modified mirror model do not 

affect the abundance of primordial helium-4. So, this 

model satisfies the BBN constraints. 

5. CONCLUSION 

In the modified mirror model, particle decay occurs 

after post-inflation reheating until the BBN mass 

continues, which causes the temperature in the mirror 

sector to be lower than in the real sector. This model 

satisfies the BBN constraints with the condition that the 

lower limit of the mass ratio of the scalar fields 𝜙𝑒 and 

𝜙𝐸  is about 0.5.  
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ABSTRACT 

This article describes the latest health issues regarding the effects of various pollutants on DNA damage which will later 

become DNA mutations to form molecular diseases such as cancer. This article was compiled by combining 3 articles 

published in 2020-2022. From all this research, we emphasize the dangers of pollutants that have a very large exposure 

period and we also urge that DNA damage potential measurements be carried out by looking at biomarkers such as ROS 

and 8-OHdG. The first article we saw inflammatory mediators such as reactive oxygen species (ROS) and indicators of 

neurodegenerative disorders. In the second article, we investigated the pollutant profile of volatile organic compound 

(VOC) can increace amount of ROS. The last article which looks at increasing 8-OHdG from metyl paraben as 

preservative in cosmetic products by looking at rat urine exposed to methyl paraben while monitorized with HPLC 

Keywords: 8-OHdG; DNA Damage; Metyl Paraben; Cadmium; Volatile Organic Compound 

1. INTRODUCTION 

Free radicals are defined as atoms/molecules that 

contains one or more unpaired electrons. Unpaired 

electrons This makes this compound very unstable and 

reactive. Radicals can formed in cells by either losing an 

electron or gaining one electron. Radicals can also be 

formed as a result of homolytic reactions, heterolytic and 

redox reactions. [1].  

ROS is a collective term that includes not only oxygen 

centered radicals such as O2 - and OH , but also several 

non-radical oxygen derivatives, such as hydrogen 

peroxide (H2O2), 1Δg singlet oxygen, and hypochlorous 

acid (HOCl) [2] Body cells constantly experience 

exposure to carcinogenic compounds derived from the 

reaction normal metabolism of the body in the form of 

reactive oxygen species (ROS) and reactive nitrogen 

species (RNS). When carcinogenic compounds enter the 

body and is activated, this compound will undergo 

covalent interactions with DNA to form DNA adducts 

(modified DNA). Excess ROS production that is not 

matched by the amount of antioxidants 

enzymatic and non-enzymatic can trigger oxidative 

stress. Oxidative stress defined as a condition in which 

there is imbalance between the oxidation process by free 

radicals and the neutralization process by antioxidants in 

the body Under conditions of oxidative stress, reactive 

oxygen species can attack DNA, resulting in 

modifications to purines, pyrimidines, or deoxyribose 

and DNA cross-linking [3] 

By-products of DNA damage by xenobiotics, as well as 

ROS called DNA-Adduct. The results of this DNA 

adduct depend on the DNA base that is used tampered 
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with. If the damaged is Guanine, then the by-product is 

8- Hydroxy-2'-Deoxyguanosine (8-OHdG). 8-OHdG is a 

form of DNA-Adduct which is formed the most, because 

guanine is the most susceptible base against oxidation, 

due to the planar structure of guanosine making 

guanosine readily reacts with hydroxyl radicals. 

Volatile organic compounds (VOCs), a diverse group of 

carbon-based chemicals which can easily evaporate into 

atmosphere at room temperature, come from a wide range 

of sources, including paint solvents, liquefied petroleum 

gas, biomass burning, vehicle exhaust, industrial 

production and cigarette smoke, etc. [4]. VOCs are 

considered a major source of indoor air pollution [5]. 

Some VOCs, such as benzene and 1,3-butadiene, have 

been identified as carcinogenic to humans by the 

International Agency for Research on Cancer [6]. 

Evidences show that even low levels of VOCs can induce 

immunomodulatory effects to enhance allergic 

responsiveness and increase the susceptibility to asthma 

[7]. In addition, inflammation and oxidative DNA 

damage might play an important role in the toxic pathway 

of VOCs-induced asthma [8] 

It has been acknowledged that cadmium is a reproductive 

toxic metal. Studies have shown extensive deleterious 

effects of cadmium on the reproductive system in male 

and females [9]. In males, cadmium affects sperm quality 

parameters, testicular function, or hormonal imbalance, 

which result in a decrease in fertilization capacity of 

sperm and subsequent impaired early embryonic 

development [10]. In addition, paternal cadmium 

exposure disturbs the neurobehavioral system of their 

offspring, which suggests that cadmium has 

transgenerational effects [11]. Compared with the data 

related to cadmium exposure in males, fewer data are 

available related cadmium exposure in females. 

However, less is known about the effect of maternal 

cadmium exposure during pregnancy on preimplantation 

embryos. After fertilization, the embryo undergoes 

genome-wide epigenetic reprogramming including DNA 

methylation and histone modification, which is sensitive 

to the environment and pollutants during pregnancy [12]  

Methyl paraben is commonly used as an antimicrobial 

preservative in cosmetics, food products and drug 

formulations. Methyl paraben can be used well alone or 

in combination with other parabens, or with antimicrobial 

agents other. In cosmetics, methyl paraben is the most 

common antimicrobial preservative used [13] 

A study to determine the formation of 8-OHdG due to 

methyl paraben was carried out by incubating 2'-

deoxyguanosine pH 7.4 and 8.4 with methyl paraben for 

7 hours and 12 hours. The results of the study show that 

8-OHdG can be formed from the incubation results of 2'- 

dG with methyl paraben at various pH and incubation 

time.  

Therefore, this article will review the types of pollutants 

that are capable of producing radicals and their 

interactions with the formation of DNA damage. 

2. MATERIAL AND METHOD 

2.1. Population recruitment and sample collection 

2.1.1. sample collection of VOC exposure 

Asthmatic children participated in this study were 

inquired to sign an informed consent and complete a 

questionnaire including gender, age, weight, height, 

maternal education levels, preference of fried or 

barbecued food, passive smoking and duration of illness, 

family genetic history, etc. To investigate the risk of 

asthma induced by VOCs exposure, we also recruited 69 

health children (62% male) without respiratory diseases 

to compare their urinary levels of VOC metabolites with 

asthmatic children. All healthy children were recruited 

from districts away from industrial and traffic roads to 

avoid high VOCs exposure. Moreover, these healthy 

children who caught a cold or cough within six months 

were also excluded from this study. Similar to those 

asthmatic children, the healthy children were also from 

different districts of Guangzhou. A spot urine sample was 

collected for each child and subsequently shipped to the 

lab to determine level of creatinine in urine within 2 h 

according to Jaffe reaction method (Taussky and 

Kurzmann, 1954). The sampling was carried out from 

March 2016 to April 2018. Urine samples were stored at 

− 20 ◦C until sample pretreatment and chemical analysis. 

The mean ages of asthmatic and healthy children were 

8.5 ± 2.2 and 8.9 ± 1.9 (mean ± standard deviation), 

respectively. The mean body mass index (BMI) of 

asthmatic children and healthy children were 17 ± 3.7 and 

17 ± 3.2, respectively. No statistically significant 

difference in gender. 

2.1.2. sample collection of Cadmium exposure 

Female mice were injected with 10 IU eCG, followed by 

injection with 10 IU of hCG 45–47 h later. Female mice 

were left with male mice overnight, and the next morning 

on which a vaginal plug were considered to have 

successfully copulated was defined as day post coitus 

(dpc) 0.5. 210 mice were randomly divided into the 

experimental group (106) and the control group (104), 

and each mouse was only used for one experiment. 

Cadmium exposure was carried out according to previous 

reports and our experiment [14]. For the experimental 

group, female mice were given ad libitum access to Milli-

Q water containing 32 mg/l cadmium at days post coitus 

(dpc) for 2 days (48–52 h). There were no deaths among 

the cadmium-treated mice throughout the study. Milli-Q 
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water was given ad libitum to the control mice. All 

female mice were sacrificed and the preimplantation 

embryos at 2.5 dpc (72–76 h post hCG) were flushed out 

of the uterus and the oviduct using M2 medium. The 

stage of each embryo was determined under a 

stereomicroscope. The opaque embryos or embryos with 

collapsed cells are considered dead embryos. 

2.1.3. sample collection of Metyl Paraben exposure 

The rats were grouped and prepared as a copper metal (I) 

methyl paraben exposure group then given pellet feed, 

drinking and disonde with a 250 mg/Kg BW methyl 

paraben solution and a copper (I) chloride solution with 

a volume of 5 mL/Kg BW orally (OECD). Guidelines, 

2008). Methyl paraben solution was given for 28 days 

and probed every day. 

2.2. Determination of VOC metabolites, 8-OHdG and 

OH-Cot in urine 

Urinary 8-OHdG, OH-Cot and 27 VOC metabolites, 

including 1, 2- DB, DHBMA, AAMA, CYMA, AMCC, 

BPMA, 2-HPMA, TGA, 2,5-DPL, PGA, HEMA, 3-

HPMA, HA, HPMMA, 2-MHA, 3-MHA, 4-MHA, 3,5- 

DPL, 3,4-DPL, TTCA, CPMA, ATCA, 4-CCT, 1,2-

DCVMA, MHBMA3, IPMA3 and TCVMA, were 

simultaneously determined. Briefly, 1 mL of urine was 

mixed with 50 μL of 1% formic acid (FA) in water, 50 

μL of internal standards of deuterium or 13 C 

substitution, and 10 μL of β-glucuronidase/arylsulfatase 

enzyme. Then, the mixed solution was incubated 

overnight at 37 ◦C in a shaker at 40 rpm. Subsequently, 

the target analytes were extracted through solid-phase 

extraction (SPE) cartridges. Finally, the eluent was dried 

and reconstituted with 200 μL of 1% FA-methanol (v/v). 

Concentrations of all compounds were determined by 

using an ultra-high-performance liquid chromatography/ 

tandem mass spectrometer (UPLC-MS/MS). The specific 

sample pretreatment and determination method had been 

described in our previous study (Kuang et al., 2019). As 

the isomers of 3-MHA and 4-MHA as well as 2,5-DPL 

and 3,5-DPL could not be separated 

chromatographically, they were quantified together and 

expressed as 3-&4-MHA and 2, 5-&3,5-DPL, 

respectively. All waste organic solvents generated during 

the sample pretreatment process were collected and sent 

to the waste liquid treatment company for disposal. 

2.3. Measurement of production ROS from Cadmium 

and staining of mitochondria 

The intracellular ROS levels in the embryos at 8-cell 

stage were measured using a ROS assay kit (Beyotime) 

according to the manufacturer’s protocol. In brief, 

embryos were incubated in M2 medium containing 10 

μM Dichloro-dihydro-fluorescein diacetate (DCFH-DA) 

and 10 μg/ml Hoechst 33342 for 30 min at 37 ◦C in the 

dark. After washing, the fluorescent intensity in the 

embryos was assessed under a fluorescence microscope 

(Eclipse Ti-E, Nikon, Tokyo, Japan). The distribution 

and activity of mitochondria in the embryos were 

evaluated using Mitotracker Orange (Thermo-Fisher). 

Embryos were incubated in M2 medium containing 100 

nM Mitotracker Orange and 10 μg/ml Hoechst 33342 for 

30 min at 37 ◦C in the dark. After washing, the 

fluorescent intensity in the whole 8-cell embryos was 

assessed under a fluorescence microscope (Eclipse Ti-E, 

Nikon). The relative fluorescence intensity was 

normalized against the fluorescence intensity of DAPI.  

2.4. Measurement of production 8-OHdG from Blood 

Before taking rat blood, the test animals were 

anesthetized first using diethyl ether for 2-4 minutes. 

Blood is drawn through the orbital sinus of the eye by 

using a hematocrit pipette as much as 1 - 1.5 mL and put 

in tube containing EDTA. Then the blood was 

centrifuged at 3500 rpm for 20 minutes at 20º. Plasma is 

separated and stored in the freezer at -20°C until 

measurement process. Analysis of the formation of 8-

OHDG in rat blood plasma was carried out with using the 

ELISA Kit from CUSABIO. First, all reagents, standards 

and sample. Then add 100 L of standard and sample to 

the well plate and covered with parafilm. Then incubated 

for 2 hours at 37ºC. Next, discard the liquid in each well 

plate and add 100 L of biotin-antibody to each well plate 

and then covered with using parafilm and incubated for 1 

hour at 37º C. After incubation is complete, The liquid in 

the well plate is discarded and washed using wash buffer 

and let stand for 2 minutes. This washing was carried out 

3 times. Then added 100 L of HRP-avidin to each well 

plate and covered with using parafilm. Then it was 

incubated for 1 hour at 37º C. the well plate was washed 

again using wash buffer for 5 repetitions. Then add 90 L 

of TMB substrate to each well plate and incubated again 

for !5 minutes at 37º C. After incubation is complete, 

quickly Stop solution was added to each well plate. Then 

determine the optical density at each well plate for 5 

minutes using a microplate reader on wavelength of 450 

nm. 

3. RESULT AND DISCISSION 

3.1. Associations of VOCs exposure, passive smoking 

and oxidative DNA damage with asthma in children. 

Levels of creatinine-adjusted VOC metabolites in the 

urine of asthmatic and healthy children were presented in 

Table 1. Most VOC metabolites could be readily detected 

with the detection frequencies (DF) ranging from 76.8% 

to 100% except for 4-CCT, HEMA, TTCA and 3,4- DPL. 

Geomean concentrations of VOC metabolites varied 

from as low as 33.9 ng/g Crt. for 3,4-DPL to as high as 

53,041 μg/g Crt. for HA in asthmatic children. 

Furthermore, urinary levels of 1,2-DB, DHBMA, 

AMCC, CYMA, 2-HPMA, TGA, 3-HPMA, HPMMA, 2-
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MHA, 3-&4-MHA, 2,5-&3,5-DPL, CPMA, ATCA and 

4-CCT in asthmatic children were significantly higher 

than those in healthy children (p < 0.05 or p < 0.01). Only 

level of PGA, which is the metabolite of ethylbenzene or 

styrene in urine, was significantly higher in healthy 

children than in asthmatic children (p < 0.01). Moreover, 

children with asthma had higher level of 8-OHdG than 

healthy children (p < 0.01). However, there was no 

statistical difference in the OH-Cot level between 

asthmatic and healthy children. 

As shown in Table 1, the increases of most VOC 

metabolites in urine, including 1,2-DB, DHBMA, 

AMCC, 2-HPMA, TGA, 3-HPMA, HPMMA, 2- MHA, 

3-&4-MHA, 2,5-&3,5-DPL, CPMA, ATCA and 4-CCT, 

were significantly associated with the increases of odd 

ratios (OR) of asthma in children, (p < 0.05 or p < 0.01). 

Consequently, all children were divided into quartiles 

according to the levels of VOC metabolites to explore the 

underlying dose-response effects. TTCA, 4-CCT, HEMA 

and 3,4-DPL were failed to be divided into quartiles due 

to their lower detection frequencies. A stepwise increase 

in OR was observed with the increasing quartiles of 

DHBMA, AMCC, 3-HPMA, HPMMA and 2,5-&3,5- 

DPL, suggesting that there may be dose-response effects 

between these VOC metabolites and the incidence of 

asthma. In the fourth quartile levels of DHBMA, AMCC, 

3-HPMA, HPMMA and 2,5-&3,5-DPL 

Table 1 Odd ratios (OR) and 95% CI of asthma induced 

by passive smoking, oxidative DNA damage and VOCs 

exposure for children. 

 

Note: The associations of VOC metabolites, OH-Cot and 

8-OHdG with asthma were evaluated by using binary 

logistic regression with the adjustment for gender, age 

and BMI. 

3.2. Maternal cadmium exposure disrupts DNA 

methylation of the imprinted gene H19 

DNA methylation, an important epigenetic 

reprogramming mechanism, is essential for normal 

embryonic development. H19 and Peg3 are respectively 

paternally and maternally imprinted genes, which 

regulate early embryonic development, placental 

development, and implantation [15]. Methylation of the 

Line1 repeat sequence (10,000–100,000 copies) is an 

indicator of genome methylation [16]. The results of 

bisulfite sequencing for H19, Peg3, and Line1 are 

summarized. The data showed significantly lower levels 

of DNA methylation of H19 in the Cd group compared 

with that in the control group (15.4% vs 49.0%, p < 0.01). 

Meanwhile, Peg3 was completely unmethylated both in 

the two groups. Although Line1 methylation levels in the 

Cd group were higher than those in the control group 

(44.0% vs 34.9%), the difference was not significant. 

These results indicated that maternal cadmium exposure 

disrupts DNA methylation of H19, but not Peg3. In 

addition, maternal cadmium exposure has no effect on 

embryonic genome methylation. 

Cadmium exposure induces oxidative stress with 

increased ROS levels, leading to abnormal mitochondrial 

distribution and DNA damage in oocytes [17]. 

Hypothetically, this mechanism would function in the 

cadmium-induced embryonic developmental defects, the 

relative fluorescence intensity of ROS in embryos from 

cadmium exposed female mouse had an obvious rise in 

comparison with the controls (4.05 ± 0.13 vs 2.92 ± 0.17, 

p < 0.01). Interestingly, the relative fluorescence 

intensity of Mitotracker orange, which reflects the 

distribution and activity of mitochondria, in 8-cell 

embryos was also increased in the Cd group compared 

with that in the control group (6.90 ± 0.18 vs 5.74 ± 0.21, 

p < 0.01). These results indicated that the increased 

mitochondrial activity might partly balance the 

cadmium-induced increase in ROS, which allowed the 

embryos to survive. 

3.3. Effect of Exposure to Methyl Paraben and Copper (I) 

Metal on Formation of 8- OHdG. 

Effect of methyl paraben and metallic copper (I) on the 

formation of 8-OHdG. Based on the picture, the 

combination of exposure to methyl paraben and copper 

(I) results in the formation of 8-OHdG. As already 

described in the previous discussion that both methyl 

paraben and copper (I) can cause oxidative damage to 

DNA. Concentration of 8-OHdG in methyl paraben with 

copper metal (I) also decreased in the third week during 

experiment because blood lysis occurs during the 

centrifugation process.  
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Figure 1. Effect of Methyl Paraben Exposure on 

Formation of 8-OHdG 

4. CONCLUSSION 

Asthmatic children from Guangzhou, China confronted 

higher level of VOCs exposure than healthy ones. 

Although the society is very concerned about the harm of 

passive smoking to children, our results suggested that 

passive smoking may be an important rather than a major 

source of VOCs exposure for children in Guangzhou. 

Accumulating evidence shows that cadmium exposure 

results in increased ROS levels, which in turn induce 

DNA damage in many kinds of cells Unsurprisingly, our 

findings showed that cadmium increased ROS levels and 

DNA damage in embryos. Mitochondria are prominent 

players in the propagation of ROS signals within a cell, 

and high ROS levels lead to destruction of mitochondria 

and ultimately the cell. Based on this research, the 

formation of 8-OHdG occurs due to metabolic 

interactions in the body that make methyl 

parabenbioactivated to form by products in the form of 

hydroxy radicals that attach to DNA Guanine 
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ABSTRACT 

Edamame is a potential source of protein and dietary fiber. Processing edamame into flour is one way to increase its 

usability. Pre-treatments such as soaking, boiling and steaming are carried out to improve nutritional quality. This 

study aims to evaluate the pretreatment process on the physicochemical properties of edamame flour. The material 

used was Edamame Ryoko which was harvested at the full ripe stage (90 days). The method used was a non-

factorial randomized block design with 5 treatments and 4 replications. The results showed that the physical 

properties test had no effect on the yield but had a very significant effect on the whiteness, chemical testing had a 

very significant effect on the moisture content and protein content. The pretreatment that produced the best 

physicochemical properties of edamame flour was steaming for 5 minutes with the following flour characteristics: 

96.09% yield, 59.18% whiteness, 5.56% moisture content, 30.52% protein content. 

Keywords 1; edamame flour 2; physicochemical 3; pre-treatment 

 

1. INTRODUCTION 

Beans, especially soybeans and edamame, are 

potential sources of protein and dietary fiber because 

they contain a number of vitamins and minerals, 

protein and dietary fiber, and have hypoglycemic 

functional properties that function to reduce fat levels 

in blood sugar [1],[2]. The processing of edamame 

into flour is one way to increase the usefulness of 

edamame as a food ingredient. Preliminary treatments 

such as soaking, boiling and steaming are often carried 

out with the aim of improving the quality of nutrients. 

Some types of food processing such as shading, wet 

heating (boiling and steaming), dry heating (roasting), 

soaking, fermentation, and so on can affect the 

physical, chemical, and functional properties of these 

foodstuffs. The processing of food commodities can 

reduce nutrients from these materials, but can also 

increase the digestibility of food [3]. In principle, 

processing aims to preserve, facilitate the packaging, 

storage and distribution of food and to increase its 

organoleptic value. In legumes, processing can reduce 

the anti-nutritional compounds contained in it, namely 

antitrypsin, hemaglutinin, phytic acid and 

oligosaccharides that cause flatules (bloating) [4]. 

Different preliminary treatment processes in the 

manufacture of edamame flour are thought to provide 

different degrees of damage and chemical 

composition. During the soaking and boiling process 

there is a mass transfer and an increase in soluble 

proteins thereby increasing the digestibility of proteins 

and other components.  

 

1.1. Research purposes 

This study aims to evaluate the preliminary 

treatment, namely soaking, steaming and boiling on 

the physicochemical properties of edamame flour. 

 

2. MATERIAL AND METHODS 

 

2.1. Time and Place of Research 

The research was conducted from January to April 

2022. At the Laboratory of Agricultural Product 

Technology and the Analysis Laboratory of the 

Lampung State Polytechnic. 
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2.2. Material and Equipment  

The material used was edamame Ryoko variety 

which was harvested when the seeds were fully 

mature at 90 days after planting (DAP) in the 

experimental garden of the Lampung State 

Polytechnic and then dried in an oven to dry. The tools 

used consist of stoves, pans, spinners, ovens, hammer 

mills, stainless trays, analytical balances, digesters, 

distillators, burettes, desiccators and other laboratory 

equipment. 

 

2.3. Experimental design and data analysis 

The experiment was designed with a non-factorial 

randomized block design (RBD) with 5 treatments, 

namely control (L0), soaking for 4 hours (L1), soaking 

for 8 hours (L2), boiling for 5 minutes (L3), and 

steaming for 5 minutes (L4). The data obtained were 

analyzed for variance to see the effect between 

treatments and continued with the Smallest Real 

Difference test (SRD) to see the differences between 

treatments. 

 

2.4. Making edamame flour 

The process of making soybean flour is carried out 

based on the procedures carried out by Adiandri [1] 

which include sorting seeds, grinding for 20 seconds, 

sifting I, boiling for 60 minutes, drying (oven blower) 

8 hours, flouring and sifting II to separate coarse flour 

and flour by size 80 mesh, the flow chart for making 

edamame flour can be seen in Figure 1. 

The analysis of edamame flour includes analysis of 

physical properties (whiteness and yield) and chemical 

analysis (water and protein content). 

 

 
 

Figure 1. Flowchart of making edamame flour with 

various pre-treatments 
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3. RESULTS AND DISCUSSION 

 

3.1. Physical Properties of Edamame Flour 

3.1.1. Yield 

The results of the analysis of the yield variance of 

edamame flour were not influenced by the 

pretreatment. The average yield is presented in Table 

1. 

 

Table 1. The average yield of edamame flour from 

several pre-treatments. 

 

Treatment Average ±SD 

(L0) Without Soaking and boiling 95.94 ±0.77 

(L1) 4 hours soaking 95.21 ±0.82 

(L2) 8 hours soaking 94.70 ±1.19 

(L3) 5 minutes boiling 95.72 ±1.06 

(L4) 5 minutes steaming 96.09 ±3.03 

 

Yield is the ratio of the dry weight of the flour 

produced to the weight of the initial edamame seeds. 

The yield produced is influenced by factors of initial 

moisture content, temperature and drying time. The 

results of analysis of variance showed that the 

treatment of soaking, boiling and steaming had no 

effect on the yield of edamame flour, this was 

presumably due to the water content of the starting 

material, the temperature used and the drying time 

were relatively uniform, so the weight loss was 

relatively the same. 

  

3.1.2. White Degree 

The results of the analysis of the variance of the 

pretreatment treatment have an effect on the degree of 

whiteness. The average whiteness test results for 

edamame flour are shown in Table 2. 

 

Table 2. The average whiteness of edamame flour in 

several treatments Introduction 

Treatment Average ±SD 

(L4) 5 minutes steaming 59.18a±2.18 

(L0) Without Soaking and boiling 58,18a±3.76 

(L3) 5 minutes boiling 54.55b±1.28 

(L2) 8 hours soaking 54.20b±1.91 

(L1) 4 hours soaking 53.28b±1.39 

 

Numbers followed by different letters in the same 

column indicate a significant difference in the results 

of the SRD test, at the level of = 5%. 

The degree of whiteness indicates the ability of the 

material to reflect light that hits the material. The 

higher the white value, the whiter the flour produced. 

Measurement of flour color is very necessary because 

color can affect the appearance of the final product 

[5]. 

The degree of whiteness is closely related to the 

Maillard reaction. Factors that affect the Maillard 

reaction include: water content, temperature, the 

Maillard reaction will take place quickly at high 

temperatures, the longer the heating time, the more 

melanoidin substances formed and the higher the 

intensity of the brown color produced [6]. 

Table 2 shows that the 5-minute steaming 

treatment (L4) was not different from the control (L0), 

while the 4-hour soaking (L1), 8-hour soaking (L2) 

and 5-minute boiling (L3) treatment were different 

from the control. Based on the results of the research 

conducted, the highest whiteness value was obtained 

at L4 (5 minutes steaming) of 59.18% this is thought 

to be due to the steaming treatment being able to 

suppress the enzyme activity in the material quickly so 

that it can maintain brightness, while in other 

treatments, namely soaking and Boiling is expected to 

remove most of the color-forming compounds and 

then during drying, oxidation occurs with hot air, 

resulting in a brownish color. The low value of white 

degrees in the L1 treatment, and L2 is thought to be 

due to the immersion and boiling process that can 

dissolve the color components, in accordance with the 

opinion of Ayu et al. [7] the longer the immersion the 

more color-producing components such as pigments 

are wasted. 

 

3.2. Moisture content 

The average results of testing the moisture content 

of edamame flour are shown in Table 3. 

 

Table 3. The average results of testing the moisture 

contents of edamame flour from several pre-

treatments 

Treatment Average ±SD 

(L3) 5 minutes boiling 6.54a ±0.21 

(L1) 4 hours soaking 6.37a ±0.67 

(L2) 8 hours soaking 6.29a ±0.57 

(L4) 5 minutes steaming 5.56b ±0.22 

(L0) Without soaking and boiling 5.28b ±0.23 

Numbers followed by different letters in the same 

column indicate a significant difference in the results 

of the SRD test, at the level of = 5%. 

 

Moisture content is very important and is a 

determining factor in flour regarding shelf life. The 

amount of shrinkage in water content is influenced by 

the rate and magnitude of the temperature used in the 

drying process. 

Based on the results of the variance test, it showed 

that the moisture content of the control edamame flour 

and steamed for 5 minutes was different from the L1, 

L2 and L3 treatments at the 95% confidence level. 
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This is presumably because the process of soaking and 

boiling resulted in an increase in the permeability of 

the cell wall, thus facilitating the absorption of water 

into the material. The results of testing the moisture 

content of edamame flour ranged from 5.28 - 6.54%. 

According to SNI 01-4469-1998 regarding ready-to-

use flour for cakes, the maximum moisture content is 

12%. When referring to the SNI, the moisture content 

of the edamame flour produced is below the required 

range so that it is safer to store. 

 

3.3. Protein 

The average protein content of edamame flour in 

several treatments is presented in table 4. 

 

Table 4. The average protein content of edamame 

flour from several pre-treatments. 

Treatment Average±SD 
(L2) 8 hours soaking 31.00a ±0.27 

(L4) 5 minutes steaming 30.51b ±0.15 

(L1) 4 hours soaking 29.68c ±0.22 

(L3) 5 minutes boiling 29.47c ±0.22 

(L0) Without soaking and boiling 27.42d ±0.05 

Numbers followed by different letters in the same 

column indicate a significant difference in the results 

of the SRD test, at the level of = 5%. 

 

Protein is a nitrogen-containing food substance 

that is believed to be an important factor for body 

function, so life without protein is impossible [8]. 

The results of the analysis of variance of several 

pre-treatments at the 5% level affected the protein 

content of edamame flour. The results of the BNT test 

showed that treatment L1 and L3 were significantly 

different from treatment L0, and L0 was different 

from L2 and L2 was different from L3 at the 95% 

confidence level. Based on the results of the research 

conducted, the highest protein content value was 

found at L2 (8 hours of soaking) of 31.00 and the 

lowest was L0 (without soaking and without boiling of 

27.42. The data shows that from all pretreatments the 

protein content of edamame flour will increase 

compared to the control (L0), it is suspected that the 

soaking and heating treatment can help remove the N 

element from the tissue material so that in the 

digestion process with concentrated sulfuric acid the N 

element can be taken up maximally and hereinafter 

referred to as protein. This is in accordance with the 

results of Adiandri's [1] research, which stated that 

soaked mung bean flour had an increase in protein 

content, while flour without soaking did not increase 

in protein content. 

 

 

 

  

4. CONCLUSION 

 

The conclusion of this research is that the 

pretreatment has an effect on the whiteness, moisture 

content, and protein content of edamame flour, but has 

no effect on the yield. Steaming treatment for 5 

minutes produced the best characteristics of edamame 

flour, namely 96.09% yield, 59.18% whiteness, 5.56% 

water content, and 30.52% protein content. 
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ABSTRACT 

Toxicity extract of matoa leaves (Pometia pinnata) was done by use of Brine Shrimp Lethality Test(BSLT) 

of Artemia salina larvae. Matoa leaves in maseration with a 96% ethanol. The results of maserationare 

evaporated and passed out for phytochemistry screening. Based on positive testing of phytochemistry 

contained compounds of tannin, flavonoid, and saponin. The results of the BSLT test on Artemia salina 

larvae indicate that the ethanol extract of matoa leaves falls into the less toxic category at LC50 1000 ppm. 

 

Keywords: Toxicity; Pometia pinnata; Artemia salina larvae 

 

1. INTRODUCTION 

Matoa plants are plants that have been used as 

natural medicines. The part that can be used as a 

natural medicine is the leaf part which is known 

to contain secondary metabolites, namely tannins, 

flavonoids, saponins, steroids and alkaloids [1], 

[2]. 

Martiningsih [3], stated that matoa leaves have 

activity against toxicity tests with Artemia salina 

larvae test animals where the compounds that play 

a role in toxic activity contained in matoa leaves 

are phenolic compounds and flavonoids. 

One of the tests to determine the toxic activity 

and anticancer effects of plant extracts or natural 

compounds was carried out using the Brine 

Shrimp Lethality Test (BLST) method. This 

toxicity test is intended to describe the presence of 

toxic effects and determine the safety limit on 

natural material compounds that will be used as 

natural medicines for the treatment of typhoid 

fever. According to Sumantri [4], the effect of 

toxicity is determined by the high or low LC50 

value, a high LC50 value indicates low toxicity 

activity and a low LC50 value means the higher the 

toxicity activity. The LC50 value can determine a 

compound that has an anticancer effect with a 

very low level of toxicity, which is below 30 ppm. 

Toxic activity in a compound is known from the 

total mortality of Artemia salina Leach larvae 

which is influenced by the content of secondary 

metabolites in plant extracts or natural materials 

that have toxic activity through the (BLST) 

method with an LC50 value of < 1000 ppm [5]. 

This study was conducted to determine the 

toxic activity of the ethanolic extract of matoa 

leaves against Artemia salina Leach larvae. 

2. RESEARCH METHODS 

2.1. Tools and Materials 

The tools used in this study include 

Pyrex® test tubes, test tube racks, erlenmeyer, 

spatula, Normax petri dish, dropper pipette, 

Pyrex® measuring cup, Pyrex® measuring 

flask, oven, micropipette, incubator, Ohaus 

analytical balance, Pyrex separating funnel. ®, 

autoclave, aerator, sterile loop, blender, 

Pyrex® and Iwaki beakers, Bunsen, Rotary 

Evaporator RE301 Yamatoand filter paper. 

Meanwhile, the materials used in this study 

included matoa (Pometia pinnata) leaves, 96% 

ethanol, Mueller Hinton, liquid medium of 

Brain Heart Infusion (BHI) liquid media, 

sterile distilled water, Salmonella typhi 

bacteria, sodium chloride (NaCl), Barium 

chloride (BaCl2 1%), Sulfuric acid (H2SO4 

1%), Hydrochloric acid (concentrated HCl), 

Magnesium (Mg), Dragendroff's reagent, 

Wagner's reagent, Meyer's reagent, hot water, 

lieberman-burchad, Sulfuric acid (H2SO4 

50%), Ferric chloride(FeCl3 1%), 

dimethylsulfoxide (DMSO). 
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2.2. Making Matoa Leaf Extract 

Making matoa leaf extract by remaceration 

method. The matoa leaves that have been 

picked, washed and then cut into pieces and 

dried in the sun. The dried matoa leaves are 

then mashed using a blender to form a powder. 

Matoa leaf powder (Pometia pinnata) was then 

macerated with 96% ethanol solvent for 3 x 24 

hours. 

The results of the matoa leaf extract filtrate 

obtained were then evaporated using a rotary 

evaporator, and then a phytochemical 

screening test was carried out. 

2.3. Toxicity Test 

Artemia salina eggs that have been 

cultured for 48 hours with artificial seawater 

were tested for toxicity. Tests were carried out 

using concentrations of 1000 ppm, 100 ppm, 

and 10 ppm with 3 repetitions each. A total of 

20 mg of ethanolic extract of matoa leaves was 

dissolved in 2 mL of solvent. The solution was 

taken as much as 500 L, 50 L, and 5 L were 

put into each test tube and left until the solvent 

evaporated. After drying, 50 L of 

dimethylsulfoxide, 1 mL of sea water and 10 

Artemia salina larvae were added. Then in 

each test tube, seawater was added until the 

volume reached 5 mL. So that the 

concentrations achieved are 1000 ppm, 100 

ppm, 10 ppm.  

Concentration 0 was made without the 

addition of extract as a negative control, after 

24 hours observations were made on Artemia 

salina larvae. The number of dead larvae is 

subtracted from the number of live larvae and 

then recorded; data analysis is carried out to 

find the value of mortality concentration 

(LC50). 

The LC50 method was used to determine 

how toxic the ethanol extract of matoa leaves 

was to Artemia salina larvae. Determination of 

the LC50 method can be seen from the 

following formula: 

% Mortality =  
  𝑫𝒆𝒂𝒅 𝑳𝒂𝒓𝒗𝒂𝒆

  𝑻𝒐𝒕𝒂𝒍 𝒐𝒇 𝑳𝒂𝒓𝒗𝒂𝒆
  x 100%   (1) 

 

Next, a relationship is made between the 

concentration Log10 value as the x-axis and 

the probit value measured with standard data 

as the y-axis. Having obtained the graph on 

Ms. Excel determines the linear regression 

equation y = ax + b and R2. Then look for the 

value of x on LC50 and the results are 

antiloged. According to Meyer [6], the LC50 

value obtained is said to be very toxic if it is 

less than or equal to 30 ppm, the LC50 value 

between 30 - 100 ppm is categorized as toxic, 

and the LC50 value between 100 - 1000 ppm is 

included in the low toxicity category. 

3. RESULT AND DISCUSSION 

3.1. Matoa Leaf Preparation and Maceration 

The results obtained from maceration and 

evaporation can be seen in the following table. 

Table 1. Maceration and data result  

Step Sample Result 

Maceration 250 gr/3 L 2.102 mL 

Evaporation 2 L of 

etanol 

exstract  

10,95% 

The thick extract obtained 27.39 grams 

with a yield of 10.95%. Yield value aims to 

determine the quantity value of an extract of 

natural ingredients compounds. Maceration 

with ethanol solvent that can dissolve polar, 

semi-polar and non-polar compounds will 

cause a high yield value of 10.95% and bind 

many secondary metabolite compounds. The 

thick extract obtained 27.39 grams with a yield 

of 10.95%. Yield value aims to determine the 

quantity value of an extract of natural 

ingredients compounds. Maceration with 

ethanol solvent that can dissolve polar, semi-

polar and non-polar compounds will cause a 

high yield value of 10.95% and bind many 

secondary metabolite compounds. 

 

3.2. Matoa Leaf Extract Phytochemical 

Screening Test 

Phytochemical screening test results data 

can be seen in the following table. 

 

Table 2. Phytochemical Screening Results 

After Evaporation 

 

Nb. Compound Result Test 

1. Flavonoid 
formed of 

orange color 
(+) 

2. Tanin 

formed 

blackish 

green color 

(+) 

3. Saponin foamy (+) 

4. Steroid 
didn’t 

formed ring 
(-) 

5. Alkaloid 

No yellow or 

brown 

precipitate is 

formed 

(-) 
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The positive test results of phytochemical 

screening from the ethanolic extract of matoa 

leaves contained compounds in the form of 

flavonoids marked by the formation of an 

orange color, a positive test for tannin 

compounds, namely the formation of a green 

color, and a positive test for saponin 

compounds with the appearance of foam. 

 

 
     Flavonid         Tanin               Saponin 

The reaction between flavonoids with 

metals Mg and HCl solution can be seen in the 

following figure 

 

Figure 1. The reaction between flavonoids 

with metals Mg and HCl solution        

The orange color formed is produced by 

Mg and HCl powder. The addition of HCl will 

result in a hydrolysis reaction. A positive test 

for tannin compounds is indicated by the 

formation of a green-black color. The addition 

of FeCl3 will form a complex compound. 

Complex compounds occur when the oxygen 

atom in the tannin has a lone pair of electrons 

donated to the Fe3+ ion which is the central 

atom. The following is the reaction of tannins 

with FeCl3 

FeCl3

O

OH

OH

OH
HO

O

OH

OH
O

HO

HO
HO

OH

O

HO OH

OH

HO

Fe

HO

OH

3Cl-

 

Figure 2. the Reaction between Tanin and 

FeCl3 

 

 

 

 

Tabel 3. Toxicity test result 

No. 
Concentration 

(ppm) 

 

Larvae 

in bottle 

 Dead Larvae 
amount % mortality 

P1 P2 P3 

1. 0 10 - - - - - 

2. 10 10 1 1 0 2 7% 

3. 100 10 2 2 3 7 23% 

4. 1000 10 6 5 4 15 50% 

 

Tabel 4. The result of LC50 data 

 

Concentration 

(ppm) 

 

amount 

 Dead Larvae Log C 

(x) 

% 

mortality 

Probit  

(y) P1 P2 P3  mean 

10 10 1 1 0 0.7 1 7% 3.52 

100 10 2 2 3 2.3 2 23% 4.26 

1000 10 6 5 4 5 3 50% 5.00 
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3.3. Toxicity Test 

 The use of LC50 data aims to determine 

the toxicity activity of plant extracts or 

natural compounds. The mortality of Artemia 

salina Leach larvae increased with each 

increase in concentration. The LC50 value 

obtained is 1000 ppm which is categorized as 

less toxic. Meyer [6] stated that the toxic 

activity can be seen from the number of 

deaths of Artemia salina larvae which are 

influenced by the content of secondary 

metabolites in plant extracts or natural 

materials that have toxic activity, through the 

BLST method it causes 50% of test animal 

deaths with an LC50 value of <1000 ppm. 

Viewed from table 4., the toxicity test on 

Artemia salina larvae was tested using 

concentrations of 10 ppm, 100 ppm and 1000 

ppm with 3 repetitions at each 

concentration[7], [8]. The repetition of the 

test aims to obtain accuracy, increase 

accuracy and reduce errors in the testing 

process. The difference in the results of 

repetitions is because the measurements 

usually have variation and uncertainty and 

cannot estimate the actual value with the 

estimated value, therefore the range of the 

number of deaths of Artemia salina larvae in 

each repetition is not too far apart. The 

mortality values for each repetition at each 

concentration were summed to obtain the 

final percent mortality of Artemia salina 

larvae. Concentration of 10 ppm obtained % 

of test animal mortality, namely 7% with a 

probit value of 3.52, a concentration of 100 

ppm obtained % of test animal mortality 23% 

with a probit value of 4.26, a concentration of 

1000 ppm obtained 50% mortality with a 

probit value of 5.00 [9], [10]. The LC50 value 

of the ethanol extract of matoa leaves is 1000 

ppm which is included in the less toxic 

category. If an extract according to the LC50 

value is toxic, then the extract can be used as 

an anticancer compound. However, if the 

extract has a low toxicity level, further 

research can be carried out with other test 

animals such as rats and mice and can be used 

as medicinal ingredients. 

The mechanism of death of Artemia 

salina Leach larvae is related to the secondary 

metabolites contained in the ethanol extract 

of matoa (Pometia pinnata) leaves. 

Secondary metabolites that play a role in the 

toxicity test are flavonoids. The way these 

compounds work is to act as a stomach 

poison, if these compounds enter the larva's 

body it will disrupt digestion and taste 

receptors in the mouth area of the larvae. This 

causes death because the larvae fail to get a 

taste stimulus so that the larvae lose the 

ability to recognize their food and will starve 

to death [11], [12]. 

4. CONCLUSSION 

Based on the results of the research on the 

toxicity test of the ethanolic extract of matoa 

leaves, it can be concluded that the secondary 

metabolites contained in the matoa leaves are 

tannins, flavonoids and saponins. The LC50 

value of the ethanolic extract of matoa 

(Pometia pinnata) leaves was obtained at 

1000 ppm with the category of less toxic to 

the larval mortality test of Artemia salina 

Leach. 
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ABSTRACT 

 

The purpose study was to knowing growth, yield and chemical content of sweet potato at different planting place. 

Knowing growth, yield, and chemical content of sweet potato on different planting media. Knowing interaction 

between planting place and planting media on growth, yield, and chemical content of sweet potato. Using factorial 

randomized block design with 2 factors and 3 replications. Tested using variance followed by BNT test level 5%. 

Results obtained Treatment different planting place affected the length of the tendrils, the number of large tubers, 

and diameter tubers, while treatment different planting media didn’t affect length of the tendrils, but did affect the 

number of large tubers and diameter tubers. There was no interaction between planting place and planting media on 

the growth and yield of sweet potato. Average length of the highest vine is 72.64 cm. Average number of large 

tubers is 2.52. average diameter tubers is 5.83 cm. 

 

Keyword: sweet potato, growth, yield, chemical content. 

 

1. INTRODUCTION 

Sweet potato (Ipomoea batatas L.) is a local 

plant that has been cultivated and widely grown by 

farmers in Indonesia. This plant can thrive in warm 

environmental conditions. Indonesia is one of the 

largest sweet potato producing countries in the world. 

According to Sahbandeh [1] the total production of 

sweet potato in Indonesia in 2018 reached 1,806,389 

tons. Lidyana [2] said that, the most favorite plant of 

the 10 fresh plant commodities exported by Indonesia 

was sweet potato. Sweet potato exports are aimed at 

29 countries, and Japan is the largest country that 

receives sweet potato exports from Indonesia. 

Rose and Vasanthakaalam [3] say that sweet 

potatoes contain carbohydrates, protein, fat, vitamins, 

and minerals. The vitamins found in sweet potatoes 

are vitamin A (in the form of -carotene ) and vitamin 

C [4]. USDA Nutrient Data Laboratory[5] shows that 

100 grams of raw sweet potato contains 14187 IU of 

vitamin A and 2.4 mg of vitamin C. The chemical 

composition of some varieties and clones of sweet 

potatoes generally contains 59-69 percent water, 0.68 

ash. -1.69% protein 3.71-6.74% fat 0.26-1.42% and 

carbohydrates 91.42-93.45%  [6]. 

Based on the color of the flesh, sweet potato 

varieties consist of white sweet potatoes, yellow 

sweet potatoes, and purple sweet potatoes (Melani, 

2015). Especially for orange sweet potatoes contain 

lots of -carotene (Pro-vitamin A) which can be 

processed into vitamin A by the body. -carotene (a 

precursor of vitamin A) can act as an antioxidant that 

protects cells from damage caused by free radicals 

[3]. Carotene has the highest vitamin A activity 

(100%) compared to other carotenoid compounds. 

Vitamin A deficiency, especially in children under 

five can cause visual disturbances, such as night 

blindness, xerophthalmia to permanent blindness [6]. 

Lampung Province has the potential for sweet 

potato development. In addition to having land in the 

lowlands and highlands, Lampung also has many 

local varieties and can be harvested at the age of 3 

months with a sweet potato weight of more than 500 

grams [7] . The productivity of the Lampung area can 

still be increased by utilizing various lands such as 

unused land, yards and rice fields after rice harvest 

[8]. 

In 2018 the number of sweet potato production 

in Lampung Province reached 22,780 tons with a 
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harvested area of 2,111. The data shows the 

productivity of sweet potato in Lampung province is 

10.8 tons/hectare[9]. The LPG-01 sweet potato seed 

clone is a local clone of Lampung which has the 

potential to achieve food diversification. The high 

production value and good nutritional content make 

this clone suitable for development in the Lampung 

region. Limited land use for household-scale sweet 

potato production is one of the potential for food 

diversification as an alternative to family food barns 

[10]. Planting sweet potatoes in sacks is one solution 

to achieve household production on limited land. 

One of the main components when we are going 

to grow crops is the planting medium. In general, the 

planting medium must be able to maintain the 

humidity of the area around the soil, provide 

sufficient air, and can withstand the availability of 

nutrients. Rice husks and compost are planting media 

derived from agricultural waste. Planting media is 

one of the factors that affect sweet potato cultivation 

and shows a significant difference [11]. 

 

1.1 Research purposes 

1. Knowing the yield growth and chemical content 

of Lampung local orange sweet potato (LPG-

01) at different planting sites 

2. Knowing the growth, yield and chemical 

content of Lampung local orange sweet potato 

(LPG-01) on different growing media 

3. Knowing the effect of the interaction between 

the planting site and the planting medium on the 

growth, yield, and chemical content of 

Lampung local orange sweet potato (LPG-01) 

 

2. METHODS 

2.1 Time and place 

The research has been carried out in the 

experimental garden of the Lampung State 

Polytechnic for 3 months, the Laboratory of 

Agricultural Products Technology of the State 

Polytechnic of Lampung and the Chemistry 

Laboratory of the University of Muhammadiyah 

Malang from December 2021 to April 2022. 

2.2 Research design 

The study used a factor randomized block 

design. The first factor consists of 4 levels and the 

second factor consists of 3 levels so that there are 9 

treatment combinations and 3 replications. 

2.3 Sampling 

Sampling was carried out at the age of 3 months 

at harvest. The crops are sorted and separated 

according to size and quality. 

 

3. RESULTS AND DISCUSSION 

 

3.1 Sweet Potato Growth and Yield 

The treatment of different planting sites affected 

the length of the tendrils, the number of large tubers, 

and sweet potato roots, while the treatment of 

different planting media did not affect the length of 

the tendrils, but did affect the number of large tubers 

and sweet potato roots. The growth and yield of 

sweet potato can be seen in Table 1 . Based on the 

table, the longest tendril length was found in the T1 

(Land) treatment with an average value of 72.64 cm. 

Meanwhile, in the treatment of growing media, the 

longest tendrils were found in the M1 treatment (Soil 

+ Compost) with an average value of 62.26 cm. 

However, in the Planting Media treatment, the results 

were not significantly different, so there was no 

significant effect on the growth of sweet potato 

tendril length. 

Based on the results of the analysis of variance 

there was no interaction between the treatment of the 

planting site and the planting media. So it can be 

concluded that the interaction of the two treatments 

did not have a significant effect on the growth of the 

length of the tendrils, the number of large tubers, and 

the diameter of the large tubers. This can be caused 

by environmental factors and conditions in the 

planting area. 

In table 1 it can be seen that the length of the 

sweet potato tendrils planted in the field is better than 

the sweet potato planted in horizontal or vertical 

sacks, because the range of plant nutrient intake is 

wider in the field, making it easier for the roots to 

absorb nutrients for sweet potato growth. The lowest 

average value of sweet potato tendril length with an 

average value of 48.45 cm was found in the vertical 

sack planting treatment, where the planting area was 

narrower than the land, making the growth of sweet 

potato tendrils not as productive as in the field. The 

treatment for planting in horizontal sacks was not 

significantly different from that in vertical sacks, this 

means that the growth of sweet potato vines in 

horizontal sacks will be the same as in vertical sacks. 
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Table 1. Effect of Treatment on Growth and Yield of Local Orange Sweet Potatoes from Lampung 

Treatment Tendril Length 

 (cm) 

Big number of tubers  

(Fruits) 

Big tuber diameter  

(cm) 

T1 72,64 b 2,35 b 5,83 c 

T2 52,48 a 2,02 a 5,10 b 

T3 48,45 a 1,76 a 4,22 a 

Bnt 9,16 0.34 0.34 

M0 50,26 a 1,69 a 4,72 a 

M1 62,26 a 2,24 b 5,19 b 

M2 58,59 a 1,72 a 5,13 b 

M3 60,30 a 2,52 b 5,17 b 

Bnt 9,16 0.34 0.34 

 

The planting media treatment applied to 

sweet potato did not have a significant effect on the 

growth of sweet potato tendril length. However, the 

largest average value was found in the M1 

(Soil+compost) treatment with a value of 62.26 cm, 

followed by the M3 (soil+compost+NPK) treatment, 

M2 (soil+compost+husk), M0 (soil) with a value of 

60, 30 cm, 58.59 cm, and 50.26 cm. This can occur 

due to external factors which are factors originating 

from outside the plant body such as the environment 

or ecosystem. The environment that affects plant 

growth is nutrition, water, temperature, humidity and 

light [12]. Nutrients, water, temperature, and 

humidity that are evenly distributed and sufficient for 

plants make the results of the average values of the 

four treatments not significantly different, but the M0 

(soil) treatment without a mixture of compost or NPK 

has a lower value than the other treatments. During 

the growth period, plants need sufficient food and 

nutrients for photosynthesis, activate enzymatic 

reactions and maintain humidity in plants, optimum 

temperature, light, and humid air can also affect plant 

growth [13]. 

The number of large tubers was influenced by 

the planting site treatment, based on table 1 treatment 

T1 (land) had the largest average value of 2.35 

pieces. This shows that sweet potato plants planted 

on land have higher yields than sweet potato plants 

planted in horizontal or vertical sacks. The lowest 

number of large tubers was found in treatment T3 

(vertical sacks) with an average value of 1.76 pieces. 

Sweet potatoes can grow well in a wider planting 

area than a narrow place, vertical sacks are the 

narrowest planting places compared to horizontal 

sacks and land, so the tubers do not develop well. 

The planting medium affected the number of large 

tubers in the Lampung Local Orange sweet potato 

plant, the largest average value was found in the M3 

treatment (soil + compost + NPK) with an average 

value of 2.52 fruit, not significantly different from 

the M1 treatment (soil + compost) with an average 

value of 2 .24 pieces followed by M2 (soil + compost 

+ husk) with an average value of 1.72 pieces, and the 

smallest number of fruit tubers was found in the M0 

(soil) treatment with an average value of 1.69 pieces. 

Planting media is an important factor in agriculture in 

this case, it can be seen from the results of statistical 

analysis that it is known that the planting media has a 

significantly different effect (p < 0.05) on the growth 

and production of sweet potatoes during planting. 

Significant differences in plant length growth and 

production (number of tubers and tuber weight). It 

can be seen that the best use of media is a mixture of 

top soil with cow dung and husk charcoal (C2). The 

presence of compost derived from cow dung is a 

contributor to the nutrients needed by plants. As it 

can be seen that cow dung eats food from various 

forages that are fermented in the rumen until it comes 

out in the form of dung and based on an analysis that 

this compost has a high nutrient content [11]. 

The diameter of large tubers in Lampung 

local orange sweet potato plants was influenced by 

the Planting Place treatment, with the largest average 

value found in T1 treatment (land) which was 5.83 

cm followed by T2 treatment (horizontal sack) which 

was 5.10 cm and the smallest diameter of large 

tubers. found in treatment T3 (vertical sack) which is 

4.22 cm. This indicates that the large diameter tubers 

in the T1 treatment had better yields than the T2 and 

T3 treatments, tubers planted in the field could 
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develop well in a wider planting area, while in vertical sacks the tubers could not develop properly

due to the planting site. tighter. The planting media 

treatment affected the diameter of large tubers in 

Lampung local orange sweet potato plants with the 

largest average value found in the M1 treatment (soil 

+ compost) which was 5.19 cm but was not 

significantly different from the M3 treatment (soil + 

compost + NPK) which was 5, 17 cm and M2 (soil + 

compost + husk) which is 5.13 cm, which means the 

development of large tuber diameter of Lampung. 

  

local orange sweet potato is not affected by the 

treatment of M1, M3, and M2 because they have no 

different mean values, the three treatments have an 

effect on the good one. While the M0 (soil) treatment 

had the smallest average value of 4.72 cm, which 

means that the M0 (soil) treatment without any 

mixture did not help the development of tuber 

diameter better in sweet potatoes. 

 

Sweet Potato Chemical Content

Sweet Potato -carotene content 

Based on table 2 it can be concluded that the 

planting site treatment affects the content of -

carotene in sweet potatoes, the highest average value 

is found in the T2 treatment (horizontal sack) which 

is 158.93 g.g -1 and the lowest value is found in the 

T1 treatment (land) which is 125 ,26 g.g -1 it can be 

concluded that the -carotene content of sweet 

potatoes planted in horizontal sacks is more than that 

of sweet potatoes grown on land. The planting media 

treatment also affected the -carotene content in 

sweet potatoes, the M1 (soil+compost) treatment 

made sweet potatoes have a higher -carotene 

content than other treatments with an average value 

of 167.49 g.g -1 and the M0 (soil) treatment had a 

higher value of 167.49 g.g. the lowest mean is 121.06 

g.g -1 . This shows that the soil mixed with compost is 

good for sweet potatoes producing higher -carotene

Table 2. Effect of planting site and growing media on the content of -carotene ( g.g -1 ) 

Planting Place (T) 
Planting Media (M) 

Average T 
M0 M1 M2 M3 

T1 116.69 a 124.54 a 137.40 a 126.41 a 125.26 a 

T2 125.30 c 196.97 c 151.76 b 161.70 c 158.93 c 

T3 121.18 b 180.97 b 153.65 c 148.60 b 151.10 b 

Mean M 121.06 a 167.49 d 147.6 c 145.57 b   

Information: the mean followed by unequal letters was significantly different based on the BNT 0.05 test (BNT 0.05 = 

0.15 ) 

There is a significant interaction between the 

combination of planting site treatment and planting 

media applied to sweet potatoes on the content of -

carotene which can be seen in the table (attachment) 

of sweet potatoes grown in T2 treatment (horizontal 

sack) with M1 treatment (soil + compost). -carotene 

which was high compared to other treatment 

combinations with an average value of 196.97 g.g -1 , 

this indicates that sweet potatoes are able to produce 

more -carotene if planted in horizontal sacks with 

soil mixed with compost as the planting medium. 

Stated that in the formation of roots as a storage place 

for photosynthate, P elements contained in the soil 

are needed. Compost is a planting medium that 

contains a lot of elements. Added that the role of 

phosphorus for sweet potato plants is to encourage 

root development and encourage tuber development. 

One of the important compounds found in orange 

sweet potatoes is carotenoids, a pigment that causes 

yellow to orange (orange) tuber flesh. The main 

component of carotenoids in sweet potatoes is -

carotene (86–90%), so the darker the orange color in 

the tubers, the higher the levels of -carotene. 

Carotenoids as an ingredient for the formation of 

vitamin A is one of the most abundant nutritional 

elements in sweet potatoes compared to rice, corn 

and cassava as staple foods. Carotenoid content is a 

useful parameter in the selection of local sweet 

potatoes that have superior properties, because the 

carotenoid content in sweet potatoes is equivalent to 

the carotenoid content in carrots as a source of 

vitamin A. The carotenoid content ( beta- carotene) in 

sweet potatoes can function as antioxidants. which 

can prevent cancer and inhibit the rate of cell damage 

by free radicals.  
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Starch Content in Sweet Potatoes  

The results of the variance showed that the 

results of the planting site treatment and planting 

media had a significant effect on the starch content in 

sweet potato, and there was an interaction between 

the planting site treatment and planting media which 

affected the starch content in sweet potato plants. It 

can be said that the planting site treatment that 

produces the best starch content in sweet potatoes is 

found in the T2 treatment (horizontal sack) with an 

average value of 10.56% and the best planting media 

treatment is found in the M3 treatment (soil + 

compost + NPK) with an average value of 10.74 %. 

While the lowest average value is found in the T1 

(land) treatment with an average value of 10.09% and 

the M0 (soil) treatment with an average value of 

9.68%. Thus, it means that sweet potatoes grown on 

land have less starch content than other treatments, 

and sweet potatoes grown on soil without a mixture 

of compost, husk, or NPK also make sweet potatoes 

have less starch content. 

Table 3. Effect of planting place and growing media on starch content (%) 

Planting Place (T) 
Planting Media (M) 

Average T 
M0 M1 M2 M3 

T1 8.83 a 10.46 b 10.29 a 10.77 a 10.09 a 

T2 10.35 b 10.26 a 10.89 c 10.74 a 10.56 c 

T3 9.86 c 10.43 b 10.49 b 10.70 a 10.37 b 

Mean M 9.68 a 10.38 b 10.56 c 10.74 d   

Note: the mean followed by unequal letters is significantly different based on the BNT 0.05 test (BNT 0.05 = 0.08 ) 

 

Based on the results of the analysis of 

variance, there was a significant interaction between 

the treatment of the planting site and the planting 

medium on the starch content in sweet potato plants. 

The highest average value was found in the 

interaction between T2 treatment (horizontal sack) 

and M2 treatment (soil + compost + husk ) with a 

value of 10.89%. Thus the interaction between T1 

and M2 treatments is the best interaction for planting 

sweet potatoes if you want to produce high starch 

content. While the low starch content was found in 

the interaction of T0 (land) and M0 (soil) treatments 

with an average value of 8.83%, meaning that the 

interaction between land and soil that was not given a 

mixture of compost, husks, or NPK made sweet 

potato plants have little starch content. than 

interactions between other treatments. The main 

component in sweet potatoes is carbohydrates, most 

of which are starch. The starch content in Beta 1 

orange sweet potato is 73.25% (db) in 100 grams  

[14]. 

4. CONCLUSION 

Based on the results of the research analysis, it can be 

concluded that: 

1. Different planting sites affected the length of the 

tendrils with the largest average value of 72.64 

cm, the number of large tubers with the largest 

average value of 2.35, the diameter of the large 

tubers with the largest average value of 5.83 cm, 

and the three variables were found in treatment 

T1 ( land) and the content of -carotene with the 

largest average value of 158.93 g.g -1 and starch 

content with the largest average value of 

10.56% contained in the T2 treatment 

(horizontal sack). 

2. Different planting media did not affect the 

length of the seedlings but affected the number 

of large tubers with the largest average value of 

2.52 pieces found in the treatment of M3 

(soil+compost+NPK), large tuber diameter with 

the largest average value of 5.19 cm found in 

the treatment of M2 (soil +compost), as well as 

-carotene content with the largest average 

value of 167.49 μg.g -1 found in M1 treatment 

(soil+compost) and starch content with the 

largest average value of 10.74% found in M3 

treatment (soil+compost+ NPK). 

3. There is an interaction between the treatment of 

planting site and planting media on the content 

of -carotene with the largest average value of 

196.97 g.g -1 which was found in the interaction 

of T2 (horizontal sack) x M1 (soil + compost) 

and the starch content with the largest average 

value of 10.89% was found in the interaction of 

T2 (horizontal sack) x M2 (soil + compost + 

husk), but there was no interaction on the length 

of the tendrils, the number of large tubers, and 

the diameter of the large tubers. 
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ABSTRACT 

Coffee is produced from tropical plants that belong to the genus Coffea. Its antioxidant content prevents free radicals 

on the skin. In this study, coffee was made into a body scrub. The procedure was started by heating at 70 °C in both 

the liquid and oil phases. The liquid phase consisted of 50 mL of distilled water, 0.6 grams of TEA, and 25 mL of aloe 

vera, heated on a hotplate, stirred, and homogenized, while the oil phase was heated with 2.5 grams of glycerin and 25 

mL of VCO. In hot conditions, the liquid and oil phases are mixed, and the 30 grams coffee powder is added, stirring 

until well mixed. Then the scrub is applied to human hands. The results of this study are expected to improve further 

the quality of products that are beneficial to humans, which can smooth and moisturize the skin at an affordable price. 

Keywords: Body Scrub; Coffee; VCO; Aloe Vera. 

1. INTRODUCTION 

 A body scrub is a body treatment, also often known 

as body facial or bleaching. The function of a body 

scrub is to hydrate the skin so that the skin becomes 

softer. Body scrubs are generally made of abrasive 

ingredients such as salt, sugar, and coffee grounds, 

typically combined with massage oil and essential oil 

[9]. Body scrub components consisting of fat parts can 

increase skin moisture. The water phase can increase 

skin hydration to look fresh [8]. Many products that 

have passed BPOM are ingredients that do not damage 

the skin. 

 Scrub, in general, has the same function: to remove 

dead skin cells on the body's skin. Using coffee as a 

scrub can soften the skin because of its grain-like 

texture and has nutrients to protect the skin from sun 

damage and avoid collagen or elastin damage caused by 

wrinkles[3]. There are many coffee body scrubs on the 

market, but researchers innovate by adding aloe vera. 

The addition of aloe vera functions as a moisturizer, 

skin hydration, skin rejuvenation, skin repair, and anti-

inflammatory[11]. 

 A body scrub is a cosmetic used to treat and clean 

the skin from dirt and remove dead skin cells. The body 

scrub is an activity to remove dirt, oil, or dead skin by 

massage all over the body. The results can be seen 

immediately. The skin is smoother, firmer, fragrant and 

healthier Body scrubs can also help skin health 

(skincare) so that the skin does not look dull and the 

skin looks white, can tighten and nourish the skin, and 

can detoxify the toxic substances that stick to it every 

day [2]. 

 Some natural ingredients that can be used as 

ingredients for Body Scrub include pineapple juice 

which contains citric acid, saponins, tannins, flavonoids, 

polyphenols and bromelain enzymes, vitamin A and 

vitamin C. Antioxidants in pineapple are compounds or 

substances that can neutralize Free radicals are very 

harmful to the body. The compounds of pineapple can 

be used as a moisturizer[4]. Chitosan (usually derived 

from shrimp shells, shells, shellfish, yeast, insects, 

fungi, etc.) has antibacterial and antifungal properties 

and is bactericidal. In the cosmetic field, chitosan is 

used as a humectant, thickener, stabilizer, and 

moisturizer[12]. Aloe vera (Aloe vera) contains 

flavonoids and polyphenols, which have good 

antibacterial activity. Aloe vera gel contains many 

minerals such as iron, calcium, magnesium, potassium, 

zinc, sodium, and chromium. These vitamins and 

minerals are natural antioxidants that can prevent 

degenerative diseases and premature aging. Aloe vera 

also contains saponins, flavonoids, polyphenols, and 

tannins that function as antiseptics [10]. 

 Coffee and even coffee waste are used as an 

ingredient in a number of scrubs to give the skin a soft 

effect so that it has good nutrition to protect the skin 

from sun damage and prevent the breakdown of 

collagen or elastin substances that cause wrinkles on the 

skin. Caffeine is an alkaloid chemical compound known 

as trimethylxanthine with the molecular formula 

C8H10N4O2. The caffeine content in coffee grounds is 1-
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1.5% [2] in [5]. Coffee is considered one of the richest 

sources of antioxidants and is well-known for skin 

rejuvenation. Coffee contains polyphenols and ferulic 

acid. Not only as an antioxidant, but coffee also has 

other benefits in cosmetics, namely as an anti-cellulite. 

Caffeine has a lipolytic effect on adipose tissue, which 

acts via phosphodiesterase inhibition, stimulates 

lipolysis and reduces the size of cellulite[1]. 

 Coffee grounds with a coarse texture contain 

excellent scrub granules to remove dead skin cells and 

moisturize the skin. The caffeine contained in coffee 

grounds, as much as 1-1.5%, can act as a 

vasoconstrictor which means tightening and shrinking 

blood vessels. [2]. Coffee grounds have a distinctive and 

sharp aroma, and coffee also has many benefits for skin 

beauty since the days of ancestors have used coffee as a 

raw material for traditional scrubs. Coffee grounds 

produce antioxidant oils that are skin smoothing [2] in 

[5]. 

     Some of the natural ingredients that have been 

described above are the background for researchers to 

make products in the form of body scrubs by using 

coffee. This coffee was chosen because the coffee 

granules can remove dead skin cells [6]. In addition, the 

low price and easy-to-find existence are also the reasons 

for selecting the material. The innovation of body scrub 

with coffee and other ingredients such as aloe vera and 

virgin coconut oil creates an even better body scrub. 

2. MATERIALS AND METHODS 

 The materials used in this study were coffee powder, 

virgin coconut oil (VCO), aloe vera gel, aqua dest, TEA, 

and glycerin. The equipment used in this research is a 

stirring rod, dropper pipette, measuring cup, beaker 

glass, analytical balance, hotplate, and magnetic stirrer.  

     The process of making a body scrub begins by 

heating the liquid phase and the oil phase in different 

containers. The liquid phase consisted of 50 mL aqua 

dest, 0.6 grams of TEA, and 25 mL of aloe vera, heated 

on a hotplate at 70°C while stirring until homogeneous. 

In contrast, the oil phase consisted of 2.5 grams of 

glycerin and 25 mL of VCO heated at room 

temperature. 70°C. At 70°C, the liquid and oil phases 

were mixed slowly while stirring until homogeneous. 

While still hot, add 30 grams of coffee powder and stir 

until evenly mixed. The body scrub was then tested on 

human hands. 

3. RESULTS 

Based on the research, it was found that the body 

scrub product has a creamy texture with a dark brown 

color with a distinctive coffee smell. Then the body 

scrub is tested on human hands. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. texture of body scrub result 

 

 

 

 

 

 

 

 

 

Figure 2. Application Of A Body Scrub On The Skin 

Of The Hands 

 

Figure 3. Results After Applying Body Scrub 

Based on tests conducted on 5 correspondents who 

argued that the application of the scrub was easy, did 

not dry out quickly, did not itch, the skin felt smoother 

and moisturized, and the fragrance lasts a long time 

even after rinsing with soap. 
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Production Cost 

No. Materials Cost 

1.  Aquadest (50 ml) Rp. 35 

2.  TEA (0,6 gr) Rp. 150 

3.  Aloe vera (25 ml) Rp. 7500 

4.  VCO (25 ml) Rp. 3000 

5.  Glycerin (2,5 gr) Rp. 51,25 

6.  Coffee powder (30 gr) Rp. 3000 

7.  Receptacle (100 ml) Rp. 1800 

8.  Sticker Rp. 400 

                                           Total: Rp. 15936,25 

 

Selling Price 

Profit Margins = 10% x Rp. 15936,25 = Rp. 1593,625 

Selling Price = Production Cost + Profit Margins 

15936,25 + 1593,625 = Rp. 17529,875 

Rounding = Rp. 17529,875 ≈ Rp. 18000 

This body scrub can be the answer to skin problems, 

especially dead skin and dry skin.  Based on the test 

results to respondents, this body scrub is feasible and 

safe to use because the response given shows positive 

results and no irritation reaction occurs.  According to 

[7], the irritation reaction is characterized by redness, 

itching, or swelling of the treated skin.  In addition, the 

price offered does not spend a lot of money, people can 

make their skin healthier for only a few rupiahs. 

 

4. CONCLUSION 

Based on the application, the scrub can be used 

easily. The skin feels smoother, does not dry out quickly 

or make it itchy, the skin feels softer and moisturized, 

and the fragrance lasts longer. Based on this research, it 

can be concluded that the innovation of making body 

scrub products with coffee and adding other ingredients 

such as aloe vera and virgin coconut oil creates better 

body scrub results at an affordable price. 
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ABSTRACT 

Mosquitoes are spreaders of various diseases by sucking blood—multiple types of mosquitoes with their 

respective activity peaks. Biting activity is usually from morning to evening with two heights of activity 

between 09.00-10.00 and 16.00-17.00. One of the plants that can be used as an additional anti-mosquito product 

is lemongrass. Citronella essential oil is known as Citronella Oil and contains two important chemical 

compounds, citronella and geraniol, which function as mosquito repellents. The stems and leaves contain 

geraniol, methyl heptenon, terpenes, alcohols, organic acids, and citronella which can be used as mosquito 

repellents. This study at to determine the effectiveness of an anti-mosquito cream with the main ingredient of 

citronella oil. Heating is used using an oven at stove temperature and without a range. 

Keywords: Anti Mosquito Cream; Citronella; Fragrant Lemongrass 

 

1. INTRODUCTION 

Mosquitoes are carriers of various diseases. 

Mosquitoes are a source of transmission of dengue 

fever, malaria, chikungunya, and elephantiasis. 

Mosquitoes are insects belonging to the Phylum 

Arthropoda with the characteristics of animals 

having a segmented body, having an exoskeleton, 

and having limbs with knuckles. In female 

mosquitoes, the mouth part forms a long proboscis 

to penetrate the skin of mammals to suck blood, 

requires protein for egg formation, most female 

mosquitoes need to suck blood to obtain the 

necessary protein. Male mosquitoes are different 

from female mosquitoes, with mouthparts that are 

not suitable for sucking blood [1]. 

Malaria and dengue fever are two infectious 

diseases caused by mosquitoes. Malaria is caused 

by parasitic infection with the Anopheles vector 

while dengue fever occurs due to infection with the 

Dengue fever virus with the Aedes aegypti vector. 

These two types of disease are very susceptible to 

occur in tropical and sub-tropical regions such as 

Indonesia [2]. Several types of mosquitoes have 

their respective peaks of activity. One example is 

the Aedes aegypti mosquito. Female Aedes aegypti 

is dominant in sucking human blood 

(anthropophilic). Biting activity is usually from 

morning to evening with 2 peaks of activity 

between 09.00-10.00 and 16.00-17.00. Aedes 

aegypti usually does not bite at night, but will bite 

at night in well-lit rooms. 

The actual peak of biting activity may vary, 

depending on the location and season [3]. The peak 

activity of other types of mosquitoes is also 

recorded in the results of research conducted by 

Supriyono [4]. The peak activity of Cx. 

quinquefasciatus sucking human blood inside and 

outside houses in Hamarung Village occurred at 

01.00–01.45 and 00.00–00.45. The peak activity of 

Cx. quinquefasciatus in Hukai Village occurred at 

21.00–21.45 inside the house and at 23.00–23.45 

outside the house [4]. 

One of the plants that can be used as raw 

materials for mosquito repellent is the citronella 

plant (Cymbopogon nardus) which produces 

essential oils (Citronella Oil). Citronella oil 

contains 2 important chemical compounds namely 

citronellal and geranniol which function as 

mosquito repellents. Lemongrass plants, especially 

in the stems and leaves, contain substances such as 

geraniol, methyl heptenone, terpenes, terpenes-

alcohol, organic acids and citronellal which can be 

used as mosquito repellents [5]. 

The ingredients for the lotion are barrier agents, 

softeners such as paraffin and vaseline, 

moisturizers such as glycerin, thickeners such as 

glyceryl monostearate, emulsifiers such as stearic 

acid, buffer solutions to adjust and adjust the pH to 

suit the skin's pH such as citric acid and lactic acid 

[6], mosquito repellent lotion based on the 

Indonesian national standard which is in the pH 

range 4.5-8.0 (SNI 16-4399-1996)[7]. 

Al Fatina [8] make preparations of 

aromatherapy candles as mosquito repellent from 

lemongrass plants which are made in oil 

preparations first [5]. The process of taking 

citronella oil (Citronella oil) from the leaves and 

stems of citronella is carried out by the steam and 
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water distillation method with heating. The result is 

citronella oil which can be made into aromatherapy 

candles that have benefits as an anti-mosquito, 

insect killer and can be used as a room freshener. 

Suprianto et.al [9] make mosquito repellent lotion 

using kenikir (Cosmos caudatus) leaf ethanol 

extract. The results showed that the optimal 

concentration of kenikir leaf extract which was 

effective for making mosquito repellent lotion was 

15%. 

Ambari [1] make mosquito repellent lotion by 

utilizing Citronella oil as the main ingredient. 

Evaluation tests carried out on the formulation of 

citronella lotion preparations included organoleptic 

tests with the results of the lotion being white, 

having a distinctive citronella odor and soft texture. 

Specific gravity test with the results of citronella 

lotion specific gravity is 23.8. The pH test is that 

citronella lotion has a pH of 7. The dispersion test 

is that all components of the lotion are evenly 

distributed or homogeneous. The particle size test 

is known that the particle size of the citronella 

lotion is uniform and the homogeneity test shows 

that the citronella lotion is homogeneous [1].  

Kardinan [10] make mosquito repellent lotion 

based on fennel essential oil (Foeniculum vulgare). 

The most optimal concentration of essential oil is 

10%, which can last up to two hours. The lotion 

formula does not cause irritation with a distinctive 

aroma, stable homogeneity, but the pH needs to be 

lowered to near neutral, by reducing the 

triethanolamine content to 2%. The higher the 

concentration of fennel essential oil in the formula, 

the higher the viscosity of the formula. To increase 

the durability of the formula, it is necessary to add 

other essential oils that are fixative (holding 

aroma), such as patchouli oil. Previous research has 

not had any research on the manufacture of 

mosquito repellent cream with lemongrass oil 

extract. Therefore, in this research, we will make 

an anti-mosquito cream with lemongrass oil extract 

[7]. 

2. METHODS 

The research was conducted using 

experimental methods at the researcher's house. 

The manufacture of mosquito repellent cream uses 

simple laboratory equipment, namely a balance, 

porcelain cup, heater, test tube, dropper and test 

tube clamp. The materials used in the study were 

cera alba 30 grams, vegetable oil 70 mL, essential 

oil 5 mL. 

In the first stage, 30 grams of cera alba were 

weighed, then alba cera was placed into a porcelain 

dish and then heated until the alba cera melted. 

Cera alba which has been melted is added as much 

as 70 mL of vegetable oil and then heated for 1 

hour until a solid like cream is formed. The next 

step is to add citronella essential oil to the cream 

and stir. The mosquito repellent cream was then 

tested for pH. 

3. RESULTS AND DISCUSSION 

The results show the formation of mosquito 

repellent cream with lemongrass oil extract in 

Figure 1. Essential oils are secondary metabolites 

from plants that are volatile or volatile and can be 

found in all parts of the plant such as fruit, seeds, 

leaves, flowers, stems, bark, roots and rhizome. 

The mechanism of essential oil as a mosquito 

repellent is by releasing a pungent odor that causes 

mosquitoes to dislike the effect. The compounds 

produced by this plant are then used, among others, 

as an anti-mosquito lotion which is applied to the 

skin to prevent mosquito bites. 

 

 

Figure 1. Anti Mosquito Cream Lemongrass Oil 

Extract 

Mosquito repellent creams are pH tested using 

a universal pH indicator. The pH results showed 

that the mosquito repellent cream was at a pH of 

4.5 (figure 2). pHmosquito repellent lotion based 

on Indonesian national standards which is in the pH 

range 4.5-8.0 (SNI 16-4399-1996)[7]. 

 

Figure 2. Cream pH test 

Mosquito repellent cream made safe for use on 

human skin. According to Hasan [11], human skin 

secretes lactic acid and excretory products that 

cause odors so that mosquitoes can easily detect 

them. The use of anti-mosquito plants which will 

be further processed as an environmentally friendly 

product begins with exploring the knowledge of 

local communities, especially in the archipelago, 

regarding the use of anti-mosquito plants. 
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Based on the research of Safitri.et al [12] the 

final result of making mosquito repellent from 

lemongrass is in the form of a lotion with a slightly 

rough texture. This mosquito repellent has the 

advantage that it is safe to use for all family 

members from babies to adults.  

The purpose of making creams is to produce 

local (skin) and not systemic effects. Based on this, 

the cream preparation can be made as a repellent 

(mosquito repellent). At this time, people generally 

use mosquito repellent products (mosquito 

repellent) from chemicals with active ingredients 

N,N-diethyl-m-toluamide, or N,N-diethyl-3-

methylbenzamide (DEET), because only these 

chemical formulations are available. on the market. 

Therefore, alternative materials were developed to 

replace these chemicals and the current trend or 

trend is back to nature, namely the use of natural 

ingredients for human purposes, including for 

drugs and anti-mosquito creams. Making anti-

mosquito cream from natural ingredients, namely 

using various ingredients from plants that are easily 

obtained around the living environment, Based on 

the research of Kadang [13] through organoleptic 

examination which aims to see the color, smell and 

consistency of the preparation. The results obtained 

show that the lotion preparation looks bone white 

in the color of the resulting lotion. 

Making mosquito repellent creams from 

(natural) plant materials is not difficult and does 

not require expensive costs with the materials and 

equipment needed are very simple, so that they can 

be produced and have economic value, in addition 

the plants needed for the purposes of making this 

cream can be cultivated in the yard. or can be found 

easily in the neighborhood. The production results 

of this cream preparation can later be marketed 

through shops of daily necessities, supermarkets, 

restaurants, or through village unit cooperatives 

[14]. 

Materials that can be used in the manufacture 

of mosquito repellent lotions are divided into two 

groups, namely materials for making lotions and 

materials for mosquito repellents (in this case 

essential oils are used). The ingredients used for 

making lotions include vegetable oil and sera alba. 

Sera alba functions as an emollient and as a 

thickener [15]. Emollients are moisturizing 

ingredients that function to maintain skin moisture 

and soothe irritated skin. 

Anti-mosquito cream with lemongrass oil 

extract has a selling value and is useful for the 

community as a prevention of diseases caused by 

mosquitoes such as dengue hemorrhagic fever 

(DHF), malaria and chikungunya. Based on 

research from Pradani [16], the results showed that 

lemongrass essential oil (Cymbopogon citratus) in 

the form of a lotion was effective in repelling the 

attack of the Aedes aegypti mosquito for three 

hours. This shows that the lemongrass plant extract 

has the potential to be used as a vegetable 

insecticide, especially as a mosquito repellent that 

causes dengue fever, namely Aeaegypti. 

The product sales plan is prepared with capital 

as shown in table 1. 

Table 1. Product Capital 

No. Ingredient Volume 
Purchase 

Price (Rp) 

1 Cera Alba 
30 

grams 

9,000 

2 
Vegetable 

oil 

70 

grams 

1,400 

3 
Essential 

oil 
5 mL 

12,500 

4 Heating - 3,000 

Total 
100 

grams 

25,900 

Based on the product capital in table 1. The 

researcher designs the selling price based on the 

table above with a net of 50 grams, a gross of 100 

grams and a packaging price of IDR 2,400. The 

selling price of the citronella mosquito repellent 

cream product is Rp. 16,500,-. 

Researchers also make product packaging to 

promote mosquito repellent creams in the market. 

Anti-mosquito cream product packaging in Figure 

3. 

 

Figure 3. Bobunza (Scented Lemongrass Anti 

Mosquito Cream) 

The product packaging in Figure 3 is named 

Bobunza. Bobunza is a Japanese absorption which 

means anti-mosquito. The name Bobunza is used 

because it is simple and easy to remember. 

4. CONCLUSION 

Mosquito repellent lotion has been 

successfully produced using the main ingredient of 

citronella oil. Citronella oil was chosen because it 

contains citronellal, geranniol, methyl heptenone, 
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terpenes, terpenes-alcohol, organic acids that can 

repel mosquitoes. Based on the pH test carried out, 

the mosquito repellent lotion produced has met the 

Indonesian national standard, which is in the pH 

range of 4.5-8.0 (SNI 16-4399-1996). Based on the 

results obtained, the resulting mosquito repellent 

lotion is safe to use on human skin. 
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ABSTRACT 

Body peeling is a beauty product used to remove dead skin cells so that the skin looks brighter. The use of body peels 

makes the skin dry in certain people. Cocoa is claimed to contain flavonoid compounds to bind water content and 

increase skin hydration. Therefore, in this study, a body peeling was made based on 10% glycol acid added with cocoa 

ethanol extract in a ratio of 3:1. A total of 10 people of various ages tested the use of the body peeling. The trial was 

carried out for one week consecutively at night. The effect of using cocoa extract is body peeling makes the skin 

smooth even though peeling occurs from the third day, but some people have not felt the moisture in their skin due to 

the addition of cocoa extract. Different skin types in each person may cause it.  

Keywords: body peeling; cocoa pods; peeling; moisture. 

1. INTRODUCTION 

People on the Asian continent, especially women, 

use a lot of cosmetics to brighten their skin. Indonesia is 

a tropical country in the Asian continent which is 

located at the equator with air temperatures ranging 

from 25-35 °C with the sun shining throughout the year. 

Exposure to intense sunlight, ultraviolet radiation, and 

other factors can cause skin ageing, characterized by 

reduced skin moisture, skin elasticity, and easy 

pigmentation [1]. 

Body peeling is a beauty product that is widely used 

by the public, especially women—body peeling 

functions as a treatment to remove dead skin cells. In 

addition, it can also reduce dull skin. If used regularly 

can cause the skin to become moister. Scrub and body 

peeling have the same function: to remove dead skin 

cells [2]. 

The workings of body peels generally use the 

chemical peeling method. Chemical peeling uses 

exfoliants (exfoliators) so that a process of destruction 

or regeneration occurs in the epidermis [3]. Based on 

the level of evidence, the best chemical peeling with 

Glycolic Acid. Glycolic acid or glycolic acid is a type of 

alpha-hydroxy acid (AHA) that works by removing 

dead skin cells on the outermost layer of the skin. AHAs 

with concentrations up to 10% are still considered safe. 

Side effects that can arise from the use of AHAs are 

skin irritation, burning sensation in the skin, and 

redness. Glycolic acid peels are caustic, meaning they 

can damage the skin layer so that within a few days, the 

damaged skin layer will peel off. Then there is an 

increase in skin thickness caused by the rise in 

glycosaminoglycans and collagen, thereby repairing the 

epidermis and dermis [4].  

Cocoa fruit is claimed to contain flavonoid 

compounds. This compound can moisturize the skin 

because it has an OH group to reduce TEWL (Trans 

Epidermal Water Loss) by binding to the water content 

in the stratum corneum, increasing hydration, and 

inhibiting evaporation by giving the impression of 

smoother skin [5].  

The addition of Cocoa beans in this body peeling 

product is based on the content in Cocoa beans which 

can moisturize the skin after undergoing the peeling 

process, utilize natural resources around, and increase 

the selling value of Cocoa beans. In addition, cocoa 

beans are easy to obtain, especially in the Jepara area. 

Cocoa plants can grow in almost all areas, but generally, 

Cocoa plants grow in the highlands. Given that the 

Cocoa plant is a seasonless plant which means it can 

bear fruit at any time, so the existence of Cocoa fruit is 

very abundant. With the abundance of these fruits, the 

surrounding community only uses cocoa beans as a 
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powder for home coffee drinks, so the selling value of 

cocoa beans in the Jepara area can be relatively low. 

Therefore, the latest innovations are needed to increase 

the selling value of  Cocoa fruit seeds [6]. 

2. MATERIALS AND METHODS  

The research was conducted using experimental 

methods at home. The tools needed for making body 

peels with cocoa extract are a measuring flask, 

measuring cup, dropper, glass funnel, spatula, filter 

paper, balance, and oven. Materials needed include 

cocoa beans, 70% ethanol, glycol acid, and distilled 

water. 

The first step is to make cocoa bean powder. The 

cocoa pods are peeled and separated from the skin and 

then washed with water until clean and dried in an oven 

for 30 minutes at 70ºC. After half-drying, the husk of 

the cocoa beans was peeled clean and then dried again 

using a range for 2 hours at 70ºC. Once completely dry, 

the cocoa beans are ready to be mashed. 

The cocoa bean powder was extracted by soaking in 

70% ethanol in a ratio of 1:20 (w/v) for 24 hours at 

room temperature. After that, it was filtered using filter 

paper. The 10% glycol acid solution was prepared as a 

base body peeling by weighing 10 grams of glycol acid 

powder, then diluted with 100 mL of distilled water 

until homogeneous. 

Body peeling with cocoa bean extract was made by 

mixing cocoa bean ethanol extract and 10% glycol acid 

solution in a ratio of 1:3 (v/v), stirring until 

homogeneous. The body peeling with cocoa extract is 

packaged in a 10 mL serum bottle and is ready to use. 

The test was carried out every night on the skin on the 

back of the hand for one week in a row, then observed 

the changes in the skin. 

3. RESULTS AND DISCUSSION 

The results of body peeling made with a mixture of 

cocoa extract and glycol acid have a liquid texture with 

an orange color where this color comes from the cocoa 

extract in Figure 1. The smell of the cocoa extract is not 

dominant when used as a body peel. 

 
Figure 1. Body Peeling with Cocoa Extract 

The body peeling product was tested for seven days, 

after being tested, each had a different effect. The first 

effect is that the skin becomes drier, but there is also a 

slightly moist effect during initial use. After about five 

days of use, the skin becomes peeling in pictures 2 and 

3.  

    
Figure 2. Before (Left) and After (Right) Using Body 

Peeling for 5 Days 

 

              
Figure 3. Before (Left) and After (Right) Using Body 

Peeling for 5 Days 

 

Glycolic is the main ingredient in making body 

peels. Glycolic acid is a type of alpha-hydroxy acid 

(AHA) that works by removing dead skin cells on the 

outermost layer of skin. AHA with a concentration of up 

to 10% is still considered safe [7]. According to Belinda 

(2021), Glycolic acid is a compound belonging to the 

alpha hydroxy acid (AHA) group used to disguise 

ageing, hyperpigmentation, dry skin and acne problems. 

Glycolic acid works by stimulating the exfoliation of 

dead skin cells so that the skin becomes brighter and 

smoother. Side effects that can arise from the use of 

AHAs are skin irritation, burning sensation in the skin, 

and redness [4]. The addition of Cocoa seed extract in 

this body peeling product is based on the content in 

Cocoa seeds which can moisturize the skin after 

experiencing the peeling process. 

Cocoa fruit is claimed to contain flavonoid 

compounds. This compound can moisturize the skin 

because it has an OH group to reduce TEWL (Trans 

Epidermal Water Loss) by binding to the water content 

in the stratum corneum, increasing hydration, and 

inhibiting evaporation by giving the impression of 

smoother skin [8]. The extraction of polyphenolic 

compounds, including flavonoids, can be done by an 

extraction process. The extraction method used is 
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maceration. In general, the maceration process is chosen 

because the extraction process is simple when compared 

to other extraction methods. The factors that influence 

the extraction process are temperature, time, and the 

solvent used, as well as the process of separating the 

solvent from the extraction result [5]. The solvent used 

in this study was Ethanol 70%. According to Snyder 

(1997), ethanol is a universal solvent that can attract 

compounds soluble in non-polar to polar solvents. 

Ethanol 70% is used as a solvent during the maceration 

process of cocoa beans because it can attract all the 

chemical components. Polyphenol compounds are 

sensitive to temperature and light, so the maceration 

method is suitable for obtaining polyphenolic 

compounds without destroying the content. The length 

of maceration can affect the total phenolic yield 

received [9].  

Body peeling cocoa bean extract is an innovation in 

the process of utilizing cocoa beans so that it has a 

selling value. The sales plan for ten bottles of Body 

Peeling is prepared with capital, as shown in table 1. 

Table 1. Production Cost 

Ingredient Volume 
Purchase Price 

(Rp) 

Cocoa Fruit 1 kg 10,000 

Glycol acid 10 g 20,000 

Ethanol 70% 100 mL 8,000 

Aquadest 100 mL 1,600 

Bottle 

packaging 
10 pcs 17,500 

Packaging 

labels 
10 pcs 2,000 

Operating costs - 20,000 

Total 79,100 

 

Based on the product capital in table 1. Researchers 

designed the selling price based on the table above with 

a net 10 mL of Rp. 7.272/bottle. Researchers also made 

product packaging labels to promote body peeling in the 

market in Figure 4. 

 
Figure 4. Product Packaging Design 

 

4. CONCLUSIONS 

Cocoa extract body peels have been successfully 

produced using glycol acid as the main ingredient with 

the addition of cocoa bean extract. The addition of 

Cocoa seed extract in this body peeling product is based 

on the content in Cocoa seeds which can moisturize the 

skin after undergoing the peeling process, utilize natural 

resources around, and increase the selling value of 

Cocoa beans. The body peeling product was tested for 

seven days, with different side effects in respondents. 

The first effect is that the skin becomes drier, but there 

is also a slightly moist effect during initial use. After 

about five days of use, the skin becomes peeling. 
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ABSTRACT 

 

This study used several natural ingredients to make soap, specifically orange peel, avocado, coffee powder, and 

honey. The purpose of this research is to create solid soap from organic material. Ingredients include distilled water, 

NaOH, coconut oil, pure honey, coffee grounds, powdered orange peel, and avocado. The reaction that plays a role in 

this research is the saponification reaction. In the test results for making bar soap from the three natural ingredients, 

the best results were bar soap with coffee powder and honey. Aside from the mileage of bar soap, which is better than 

other natural ingredients, coffee, and honey soap is more affordable, is Rp. 3,800 per stick. 

Keywords:  Soap; Saponification; Natural Ingredients; Coffee and honey. 

 

1. INTRODUCTION 

The cleaning chemical industry is an industry that 

has an important role in everyday life. One of the most 

widely used cleaning chemical products is soap. This is 

indicated by data from the Ministry of Trade that the 

demand for soap in the world during the last 5 years has 

increased by 2.29% per year in 2014 – 2018. The report 

also states that Indonesia is the third country that 

exports soap. in the world and is the first country in the 

world. ASEAN in 2018 (Ministry of Trade of the 

Republic of Indonesia, 2019). Currently, the 

development of the soap industry is also influenced by 

certain cases, such as the COVID-19 pandemic or the 

spread of the corona virus since the end of 2019. Since 

the COVID-19 pandemic, the World Health 

Organization (WHO) has advised the public to wash 

their hands more often to prevent spread of the virus. 

[1], [2]. This causes the use of soap to increase, 

especially solid bath soap because these products are 

cheaper, easier to use, and efficient in cleaning the skin 

compared to liquid bath soap [3] 

Because solid soap products are used by the general 

public, these products must have the appropriate product 

specification standards, so that they can meet needs and 

protect the environment consumer [4]. Product 

standards include quality requirements for test 

parameters that need to be met by a product. In its use, 

soap is in direct contact with human skin. If the soap 

used meets product quality standards, then the soap is 

safe to use. The test parameters that can directly indicate 

the criteria for soap that are suitable for use or not are 

pH and water content. Solid bath soap is a product of 

saponification, where this process requires a certain 

amount of alkali for a complete reaction to occur. The 

amount of alkali used is closely related to the pH level 

of the soap produced. Each soap manufacturer must 

have a different formulation for making soap. If the 

composition of the raw material is not right, it will 

produce a different pH of soap. In order for the resulting 

soap products to be safe for consumer use, it is 

necessary to have a pH limit or quality requirement. 

Good soap is soap that meets the characteristics 

according to applicable standards[5], [6]. The current 

Indonesian National Standard (SNI) is SNI Solid Bath 

Soap 3532:2016 with quality requirements, namely 

maximum water content of 15% mass fraction, 

minimum total fat mass fraction of 65%, insoluble 

material in ethanol, maximum mass fraction of 5%, 

fraction maximum free mass of 0.1% base, maximum 

free fatty acid mass fraction of 2.5%, maximum chloride 

content of 1% mass fraction, and maximum mass 

fraction of unsaponified fat 0.5%. 

In making this solid soap, you can use organic 

ingredients or natural ingredients such as orange peel, 

avocado, honey, and coffee grounds. Each of these 
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natural ingredients has a variety of ingredients that are 

good when used as an ingredient in soap making. First, 

orange peel is composed of the epidermis, flavedo, oil 

glands, and the innermost part of the vascular bundle. 

According to the research results of Safaatul, M and 

Prima, A [7] sweet orange peel can produce essential 

oils. Essential oils are widely used in industry, such as 

in the soap and cosmetics industry as a giver of aroma 

and taste. Second, coffee grounds contain caffeine 

between 1-1.5%. Caffeine is an alkaloid chemical 

compound that is beneficial for skin health such as 

repairing damaged skin, neutralizing irritated skin and 

providing nutrition to the skin, as well as eliminating 

body odor. So that coffee grounds can be used as raw 

material for soap processing. Third, avocado has a very 

high content for healthy skin, the flesh and seeds of 

avocado contain high oil. 

Avocados are known to be antibacterial because they 

contain antibacterial compounds such as saponins, 

alkaloids, and flavonoids in the fruit and leaves [8]. 

Avocado extract skin has higher levels of carotenoids, 

total phenolics, and flavonoids than flesh [9]. Then there 

is honey, honey is hygroscopic, which means it easily 

absorbs water from the surrounding air because it can be 

used as a humectant and helps maintain skin hydration. 

In addition, honey nourishes the internal epithelial tissue 

and improves circulation thereby preventing dry skin. 

In general, soaps that are widely available in the 

market have weaknesses such as salts of unsaturated 

fatty acids that will lose their viability in hard water or 

salt water which cannot be retained by the skin. Another 

drawback of soap also often makes the skin dry because 

of its surfactant content. Therefore we need soap that 

contains a strong formulation that can clean, smooth the 

skin, and does not cause dry skin [10]. Therefore, with 

this research, we will use organic ingredients such as 

orange peel, avocado, coffee powder and honey for the 

manufacture of solid soap in the hope of being able to 

compete with soaps sold in the market at lower prices 

but have benefits that are comparable to those of the 

market. other commercial products. 

2. METHOD 

Ingredients 

The raw materials in this study were 15 grams of 

coffee grounds, 15 grams of pure honey, 15 grams of 

orange peel, 15 grams of avocado, 700 grams of coconut 

oil, 95 grams of NaOH, and 235 grams of distilled 

water. 

Tools 

The tools used are digital scales, plastic or glass 

containers, silicone spatulas, stainless steel spoons, 

molds, gloves, masks, and goggles. 

 

 

 

Work Steps 

This procedure is done to make solid soap from 

organic materials. The first stage is making Lye 

Solution, prepared 235grams of distilled water and 

95grams of NaOH, then mixed with NaOH with 

distilled water, stirred until dissolved and allowed to 

stand until it reaches room temperature. The second 

stage is making solid soap, prepared a container 

containing 700 grams of coconut oil, then eye solution 

that has reached room temperature is added to a 

container containing coconut oil. Stir using a whisk until 

well blended, after mixed well add 15 grams of pure 

honey then stir again for 10 minutes. After mixing well, 

each of the natural ingredients used such as coffee and 

honey, orange peel, and avocado is put into the dough 

that has been made. Then the dough is stirred for 30-60 

minutes until the dough thickens, if it has thickened the 

soap dough is molded and allowed to stand for 24-48 

hours. The hardened dough is then cut to the desired 

size and continued with the curing process for 4-6 

weeks. 

3. RESULTS AND DISCUSSION 

Soap is a sodium compound with fatty acids used as 

a body cleansing agent, in solid form, foam with or 

without other additives and does not cause irritation to 

the skin. The main components of soap making consist 

of fatty acids and sodium or potassium salts. This soap 

is used to clean the skin from dirt, dust, and bacteria 

attached to the skin. Fatty acids combined with sodium 

salt (NaOH) will produce solid soap. Good quality soap 

is also influenced by the raw materials used. Bath soap 

is usually made with a mixture of fat or oil. 

Organic soap is a bath soap made from natural 

(organic) ingredients without a mixture of chemicals. 

Organic soap has a liquid substance that is hydroscopic 

or absorbs and binds water vapor and air and therefore 

organic soap can make the skin moist, not dry, and soft 

for sensitive skin. The benefits of organic soap are, 

environmentally friendly, makes the skin soft, safe for 

all skin types without side effects, can treat back acne, 

suitable for dry skin, suitable for sensitive skin, can 

delay premature aging, rejuvenate the skin and remove 

black spots, so the skin will be firmer and less wrinkled, 

so it will look younger. 

The organic soap formulations made in this study 

used raw materials using olive oil, coconut oil with the 

addition of coffee powder soap, honey, orange peel, and 

avocado. In general, soap is made from three types of 

oil ingredients, namely palm oil, coconut oil and olive 

oil. Of the three types of oil, each has an element or 

component that functions as a foam maker, stabilizer, 

and skin moisturizer. Soap is made in two ways, namely 

the saponification process and the oil neutralization 

process. The oil saponification process will obtain 

glycerol by-product, while the neutralization process 

will not obtain glycerol. The saponification process 

occurs due to the reaction between triglycerides and 
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alkali, while the neutralization process occurs due to the 

original reaction of free fat with alkali. 

 

Figure 1. Solid Organic Soap Made from Coffee 

Powder and Honey 

In the process of making solid soap from the three 

organic ingredients, the best results were obtained, 

namely solid soap made from coffee powder and honey. 

In making solid soap from coffee grounds, coconut oil is 

used as the basic ingredient, which makes the soap 

produce quite a lot of foam. In addition, this soap made 

from coffee powder and honey does not have a strong or 

disturbing odor. It can be seen in Figure 1 that the color 

of organic soap resembles the color of the organic 

material itself, which is brown. Coffee contains fruit 

acids and organic acids, fats, alkaloids, 8 minerals, 

potassium, magnesium and iron which are very useful 

for skin beauty. Soaps containing coffee ingredients can 

have benefits for smoothing the skin, neutralizing 

irritated skin and providing nutrition, removing dead 

skin cells and repairing damaged skin tissue and helping 

eliminate body odor. While the honey content in soap 

can make the skin moist 

 

 

Figure 2. Soap That Has Partial Gelling Process 

After the soap is cut into several parts, then it goes 

into the curing process. Curing is the waiting time phase 

after the soap becomes solid, it takes approximately 4-6 

weeks. When the curing process is complete, usually 

some soap will undergo a partial gelling process. Soap 

that undergoes a partial gel process is characterized by 

an uneven color of the soap, it can be seen that the result 

is soap whose middle color is darker than the edges, as 

shown in Figure 2. The heat from the center of the soap 

is exhausted before it reaches the outside of the soap, 

which is called partial gel. However, soap that has 

undergone a partial gel process can still be used and is 

safe to use. 

 

Figure 3. pH of coffee-based soap 

During the process of cutting the soap into 16 parts, 

the researchers also tested the pH of the soap with a 

universal pH indicator to determine the pH of the soap 

that had been left for 48 hours. The resulting pH of the 

soap is 7 as shown in the picture. This indicates that the 

soap is neutral, non-acidic, and safe for the skin. 

However, after the curing process was completed, the 

researchers measured the pH of the coffee soap and 

honey again, resulting in a pH of 9.0. This is in 

accordance with the literature which states that the 

degree of acidity or pH is used to express the level of 

acidity or alkalinity of a good soap solution pH is 9.0–

10.8. Soap with a pH of 9-10 is able to clean dirt from 

the top layer of the skin and dissolve it in the rinse 

water. 

 

Figure 4. Solid Organic Soap Made from Orange Peel 

The organic ingredient to make the second solid 

soap is orange peel. Orange peel contains essential oils. 

Essential oils are widely used in industry, such as in the 

soap and cosmetics industry as a giver of aroma and 

taste. In making soap with orange peel, olive oil and 

coconut oil are used, olive oil gives a soft effect on the 

soap produced when soap is used and makes the texture 

of the soap tend to be soft. In our research, solid soap 

made of orange peel material was a failure. This is 

because the doses for olive oil and coconut oil are not 

appropriate, resulting in a soap that is too soft. 

The third ingredient is avocado. Avocados are 

known as antibacterial because they contain 

antibacterial compounds such as saponins, alkaloids, 

and flavonoids in the fruit and leaves. (Ernawati and 
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Sari, 2015). The skin of avocado extract has higher 

levels of carotenoids, total phenolics, and flavonoids 

than the pulp. Same with orange peel soap, the 

manufacture of soap from avocado also failed. The 

resulting soap becomes coarse in texture, this is 

probably due to the improper use of coconut oil in 

measuring it. 

. Of the three organic ingredients, soap made from 

coffee powder and honey has the most maximum 

results. Apart from the texture and yield of soap made 

from coffee powder and honey, this soap made from 

coffee powder and honey has a budget plan of Rp. 3,800 

with the following details: 

Table 1. Price of Soap Making Materials Made from 

Coffee Powder and Honey 

 

Table 2. Price of Ingredients/Amount of Soap Made 

from Coffee Powder and Honey 

Material Price/Amount 

Ingredient Dose Price/Amount 

Coconut Oil 700 gram 30300 

NaOH 95 gram 2500 

Distilled water 235 gram 800 

Coffee Powder 15 gram 1100 

Honey 15 gram 3100 

Total 38000 

So, the price of soap per bar 

= total material price /dose : 16 bar  

= 38000 : 16 bar 

= 2375  

~ 2400/soap bar  

Total Price = soap price + packaging price 

    = 2400+1400  

    =3800  

Netto : 80 gram  

Bruto : 120 gram 

 

 

Figure 5. Packaging of Coffee and Honey Soap 

Products 

Respondent Test 

Table 3. Respondent Test Results 

Respondent Coffee and 

Honey Organic 

Soap Products 

'LB' Brand 

Commercial Soap 

Products 

Respondent 1 

(parent) 

Texture: Solid 

Odor: odorless 

Foam: quite a lot 

Dry skin: - 

Irritated skin :- 

Texture: Solid 

Smell: Fragrant, 

very pungent 

Foam: A lot 

Dry skin: yes 

Irritated skin :- 

Respondent 2 

(parent) 

Texture: Solid 

Odor: odorless 

Foam: quite a lot 

Dry skin: not 

dry but a bit 

rough 

Irritated skin :- 

Texture: Solid 

Smell: very 

pungent 

Foam: A lot 

Dry skin: yes 

Irritated skin: yes 

Respondent 3 

(adult) 

Texture: 

Smooth, not 

mushy 

Odor: odorless 

Foam: quite a lot 

Dry skin: not 

dry but a bit 

rough 

Texture: Solid 

Smell: very 

pungent 

Foam: A lot 

Dry skin: yes 

Irritated skin :- 

Material Price 

Ingredient Size Price 

Coconut Oil 950 ml 41000 

NaOH 1000 gram 26000 

Distilled Water 1500 ml 5000 

Coffee Powder 165 granm 12000 

Honey 250 ml 51000 
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Irritated skin :- 

Respondent 4 

(adult) 

Texture: 

Smooth, not 

mushy 

Odor: odorless, 

but slightly 

smells of 

glycerol 

Foam: a little, 

not much like a 

typical soap 

Dry skin: - 

Irritated skin :- 

Texture: Solid 

Smell: very 

pungent 

Foam: very much 

Dry skin: yes 

Irritated skin: yes 

Respondent 5 

(adult) 

Texture: 

Smooth, not 

mushy 

Odor: odorless, 

but slightly 

smells of 

glycerol 

Foam: a little, 

not much like a 

typical soap 

Dry skin: - 

Irritated skin :- 

Texture: Solid 

Smell: very 

pungent 

Foam: very much 

Dry skin: yes 

Irritated skin :- 

Respondent 6 

(adult)  

Texture: not 

soggy 

Odor: odorless 

Foam: a little 

Dry skin: - 

Irritated skin :- 

Texture: Solid 

Smell: very 

pungent 

Foam: very much 

Dry skin: yes 

Irritated skin :- 

Respondent 7 

(teenager) 

Texture: Solid 

Odor: odorless 

Foam: quite a bit 

Dry skin: not 

dry but a bit 

rough 

Irritated skin :- 

Texture: Dense, 

hard 

Smell: very 

pungent 

Foam: very much 

Dry skin: yes 

Irritated skin :- 

Respondent 8 

(children) 

Texture: solid, 

hard 

Odor: odorless 

Foam: a little 

Dry skin: 

slightly dry 

Irritated skin :- 

Texture: Dense, 

hard 

Smell: very 

pungent 

Foam: very much 

Dry skin: yes 

Irritated skin: yes 

   

Of the three soaps made from different organic 

materials, the maximum results were shown by soap 

made from coffee powder and honey so that the soap 

products from coffee powder and honey that we will test 

respondents, we tested soap products made from coffee 

powder and honey by comparing them with solid soap 

products. LB commercial to 7 respondents from various 

age groups consisting of 2 parents, 4 adults, 1 teenager, 

and 1 child. It was concluded that each respondent 

stated that the soap from our product has less foam like 

LB soap products, makes the skin rough and does not 

dry out, has no odor when compared to other 

commercial solid soaps, and does not irritate the skin. 

4. CONCLUSION 

From the results and discussion above, it can be 

concluded that organic soap products are worthy of 

competing with other commercial soap products, 

namely organic coffee and honey soap with the benefits 

of smoothing the skin, neutralizing irritated skin and 

providing nutrition, removing dead skin cells with a 

budget plan of Rp. 3,800. 
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ABSTRACT 

Organic face masks are one type of cosmetic that is widely used because they are made from natural 

ingredients, so they are safe for long-term use. Avocado, bidara, and Moringa leaves contain secondary 

metabolite compounds, including saponins, steroids, flavonoids, triterpenoids, saponins, and alkaloids 

that are useful for maintaining facial health. This study aimed to formulate a powdered face mask with 

a combination of avocado leaf: bidara leaf: and Moringa leaf is 1:1:1. A trial of masks was conducted 

on ten respondents; all respondents did not experience irritation. Organic masks from a combination of 

avocado leaves, bidara leaves, and Moringa leaves have been successfully made in this study. This 

mask product will be sold for Rp. 5,000.00. 

Keywords: Avocado Leaf; Bidara Leaf; Moringa Leaf; Organic Face Mask  

 

1. Introduction 

 

According to BPOM, cosmetics are 

materials or preparations used on parts of the 

human body (epidermis, hair, nails, lips, and 

external genital organs) or teeth and oral 

mucous membranes, especially to clean and/or 

improve body odor or protect and maintain the 

body. in good condition (Rakhmina et al., 

2017). A mask is a face mask which in the 

manufacturing process only uses ingredients 

sourced from nature. Currently, organic face 

masks are very popular with consumers, 

especially women because they are claimed to 

be safe for long-term use and at affordable 

prices. The number of producers of organic 

face masks continues to increase, but most of 

the masks in circulation do not have a BPOM 

permit that are sold online (Istri & Priyanto, 

2021). In addition to its usefulness, this 

cosmetic product is also in demand because of 

its diversity and very attractive packaging, 

besides that, cosmetic products also have their 

own standard of price and quality, making 

them suitable for anyone, from the lower 

middle to the upper middle class. Then the 

distribution permit that is not carried out is 

also a problem that we must pay attention to. 

Several cases were reported on social media 

that there were still many illegal organic masks 

which were included in the violation of the 

Health Law (Ningrum & Priyana, 2021)  

Various brands and types of cosmetics in 

the form of illegal face whitening masks or 

those that do not have a permit from BPOM 

are not guaranteed safe for consumers because 

they may contain hazardous chemicals such as 

mercury (Hg)/mercury including dangerous 

heavy metals. The use of mercury has been 

banned since 1998 through PERMENKES RI 

No. 445 of 1998, where mercury in small 

concentrations can be toxic. The negative 

effects of mercury such as the appearance of 

black spots on the skin, allergies, can even 

cause permanent damage to the nervous 

system, kidneys, and brain and interfere with 

fetal development, especially when used in 

high doses (Rakhmina et al., 2017). 

Natural ingredients that can be used as 

safe organic masks are Moringa leaves, 

avocado leaves, and bidara leaves. Moringa 

leaves contain various phytochemical 

compounds such as tannins, steroids, 

flavonoids, triterpenoids, anthraquinones, 

saponins, and alkaloids belonging to 

antioxidant compounds. Moringa leaves 

contain flavonoids in the form of catechins, 

epicatechins, kempferol, and quercetin. In 

addition, Moringa leaves contain phenolic 

acids in the form of cinnamic acid, ferulic acid, 

and hydroxynamic acid (Perwita, 2019). The 

main active compound quercetin contained in 

Moringa leaves has anti-bacterial benefits (L. 

Wulandari et al., 2020). The presence of 

secondary metabolites such as flavonoids, 

phenols, and alkaloids causes Moringa leaves 

to have high anti-oxidant, antimicrobial, and 

can inhibit bacterial activity (Djumaati et al., 

2018). 

Avocado leaves contain phytochemical 

components such as saponins, tannins, 

flavonoids and alkaloids through 

phytochemical tests. Flavonoids are the largest 
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group of phenolic compounds found in nature. 

These compounds are red, purple, and blue 

dyes. some of the yellow dyes found in plants. 

Flavonoids are the highest phytochemical 

components found in avocado leaves. 

Flavonoids are polar compounds because they 

have a number of unsubstituted hydroxyl 

groups. These flavonoid compounds can be 

used as anti-microbial, wound infection 

medicine, anti-fungal, anti-viral, anti-cancer, 

and anti-tumor(Kartika & Arsito, 2017). 

Bidara leaves which have the Latin name 

Ziziphus Mauritiana Lam, single leaves and 

alternating control, admin leaf stalks and on 

the edges there are thorn leaves. The bidara 

leaf plant is used for the treatment of boils, 

wounds, skin diseases, eliminating jaundice, 

and smoothing the skin. In addition, bidara has 

been proven to eradicate bacteria, fungi and 

other pathogens. Bidara leaf extract water has 

antinoceptive properties, Bidara leaves have 

been produced by the public in the form of 

capsules or powder drugs so that they can treat 

various disease problems inside or outside the 

body. Bidara leaf powder can be used as a 

mask for facial beauty because it contains 

alkaloids, saponins, flavonoids, steroids and 

tannins. (Aan Yulianingsih & Arwie, 2019). 

Based on the benefits of the three types of 

natural ingredients, namely Moringa leaves, 

avocado leaves, and bidara leaves, an organic 

face mask will be made. 

According to BPOM, cosmetics are 

materials or preparations used on parts of the 

human body (epidermis, hair, nails, lips, and 

external genital organs) or teeth and oral 

mucous membranes, especially to clean and/or 

improve body odour or protect and maintain 

the body. In good condition (Rakhmina et al., 

2017). A mask is a face mask that in the 

manufacturing process only uses ingredients 

sourced from nature. Currently, organic face 

masks are very popular with consumers, 

especially women, because they are claimed to 

be safe for long-term use and at affordable 

prices. The number of producers of organic 

face masks continues to increase, but most of 

the masks in circulation do not have a BPOM 

permit that is sold online (Istri & Priyanto, 

2021). In addition to its usefulness, this 

cosmetic product is also in demand because of 

its diversity and very attractive packaging; 

besides that, cosmetic products also have their 

own standard of price and quality, making 

them suitable for anyone, from the lower 

middle to the upper-middle class. Then the 

distribution permit that is not carried out is 

also a problem that we must pay attention to. 

Several cases were reported on social media 

that there were still many illegal organic masks 

which were included in the violation of the 

Health Law (Ningrum & Priyana, 2021). 

Various brands and types of cosmetics in 

the form of illegal face whitening masks or 

those that do not have a permit from BPOM 

are not guaranteed safe for consumers because 

they may contain hazardous chemicals such as 

mercury (Hg)/mercury, including dangerous 

heavy metals. The use of mercury has been 

banned since 1998 through PERMENKES RI 

No. 445 of 1998, where mercury in small 

concentrations can be toxic. The negative 

effects of mercury, such as the appearance of 

black spots on the skin, and allergies, can even 

cause permanent damage to the nervous 

system, kidneys, and brain and interfere with 

fetal development, especially when used in 

high doses (Rakhmina et al., 2017). 

Natural ingredients that can be used as 

safe organic masks are Moringa leaves, 

avocado leaves, and bidara leaves. Moringa 

leaves contain various phytochemical 

compounds such as tannins, steroids, 

flavonoids, triterpenoids, anthraquinones, 

saponins, and alkaloids belonging to 

antioxidant compounds. Moringa leaves 

contain flavonoids in the form of catechins, 

epicatechins, kaempferol, and quercetin. In 

addition, Moringa leaves contain phenolic 

acids in the form of cinnamic acid, ferulic acid, 

and hydroxycinnamic acid (Perwita, 2019). 

The main active compound, quercetin, 

contained in Moringa leaves, has anti-bacterial 

benefits (A. Wulandari et al., 2020). The 

presence of secondary metabolites such as 

flavonoids, phenols, and alkaloids causes 

Moringa leaves to have high antioxidant and 

antimicrobial and can inhibit bacterial activity 

(Djumaati et al., 2018). 

Avocado leaves contain phytochemical 

components such as saponins, tannins, 

flavonoids and alkaloids through 

phytochemical tests. Flavonoids are the largest 

group of phenolic compounds found in nature. 

These compounds are red, purple, and blue 

dyes. Some of the yellow dyes are found in 

plants. Flavonoids are the highest 

phytochemical components found in avocado 

leaves. Flavonoids are polar compounds 

because they have a number of unsubstituted 

hydroxyl groups. These flavonoid compounds 

can be used as antimicrobial, wound infection 

medicine, anti-fungal, anti-viral, anti-cancer, 

and anti-tumour (Kartika & Arsito, 2017). 

Bidara leaves, which have the Latin name 

Ziziphus Mauritiana Lam, single leaves and 

alternating control, admin leaf stalks, and on 
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the edges, there are thorn leaves. The bidara 

leaf plant is used for the treatment of boils, 

wounds, and skin diseases, eliminating 

jaundice and smoothing the skin. In addition, 

bidara has been proven to eradicate bacteria, 

fungi and other pathogens. Bidara leaf extract 

water has antinociceptive properties. Bidara 

leaves have been produced by the public in the 

form of capsules or powder drugs so that they 

can treat various disease problems inside or 

outside the body. Bidara leaf powder can be 

used as a mask for facial beauty because it 

contains alkaloids, saponins, flavonoids, 

steroids and tannins(Aan Yulianingsih & 

Arwie, 2019). Based on the benefits of the 

three types of natural ingredients, namely 

Moringa leaves, avocado leaves, and bidara 

leaves, an organic face mask will be made. 

2. METHODS 
2.1 Making powdered avocado leaves, 

bidara leaves, and Moringa leaves.  

Avocado leaves, bidara leaves, and fresh 

Moringa leaves are picked and washed 

and then dried in the sun to dry. The dried 

leaves are then mashed with a blender 

until they become powder. 

2.2 Face mask formulation  

Take 9 grams of leaf powder, 0.6 grams 

of salicylic acid, and 32.4 grams of kaolin 

then mixed until evenly distributed. Then 

packaged in zip lock packaging with each 

1 package is 20 grams. 

2.3 Mask trial 

Take 5 grams of the finished mask then 

add water or rose water until it becomes 

thick. Apply to the back of the hand for 

15 minutes or until the mask dries. The 

trial was conducted on 10 respondents 

and interviews were conducted regarding 

the effects after using the mask. 

 

3. RESULT AND DISCUSSION  
Organic masks are face masks that in 

the manufacturing process only use 

ingredients sourced from nature. Currently, 

organic face masks are very popular with 

consumers, especially women because 

they are claimed to be safe for long-term 

use and at affordable prices. The number 

of producers of organic face masks 

continues to increase, but most of the 

masks in circulation do not have a BPOM 

permit which are sold freely online. The 

natural ingredients used in making organic 

masks using natural ingredients in this 

study are avocado leaves, bidara leaves, 

and Moringa leaves. Moringa leaves 

contain various phytochemical compounds 

such as tannins, steroids, flavonoids, 

triterpenoids, anthraquinones, saponins, 

and alkaloids belonging to antioxidant 

compounds. Moringa leaves contain 

flavonoids in the form of catechins, 

epicatechins, kempferol, and quercetin. In 

addition, Moringa leaves contain phenolic 

acids in the form of cinnamic acid, ferulic 

acid, and hydroxynamic acid. The main 

active compound quercetin contained in 

Moringa leaves has anti-bacterial benefits. 

The presence of secondary metabolites 

such as flavonoids, phenols, and alkaloids 

causes Moringa leaves to have high 

antioxidant, antimicrobial, and can inhibit 

bacterial activity. Avocado leaves contain 

phytochemical components such as 

saponins, tannins, flavonoids and alkaloids 

through phytochemical tests. Flavonoids 

are polar compounds because they have a 

number of unsubstituted hydroxyl groups. 

These flavonoid compounds can be used 

as anti-microbial, wound infection 

medicine, anti-fungal, anti-viral, 

anti-cancer, and anti-tumor. Bidara leaves, 

which have the Latin name Ziziphus 

Mauritiana Lam, have been shown to 

eradicate bacteria, fungi and other 

pathogens. Bidara leaf extract water has 

antinoceptive properties. Bidara leaf 

powder can be used as a mask for facial 

beauty because it contains alkaloids, 

saponins, flavonoids, steroids and tannins. 

The formulation used in making this 

organic mask is for 3 packages with 20 

grams each, namely 0.6 grams of Salicylic 

acid; 32.4 grams of kaolin; 9 grams of 

avocado leaf powder; 9 grams of 

powdered bidara leaves; 9 grams of 

Moringa leaf powder. The use of Salicylic 

acid in this mask has the benefit of 

exfoliating dead skin cells, curing acne, 

preventing the appearance of blackheads 

and blackheads, and reducing facial skin 

inflammation. Kaolin in the formulation of 

this organic mask has the benefit of 

soothing rashes and irritations, balancing 

skin tone, removing dead skin cells, and 

helping control oil production on the face. 

The organic masks produced in this study 

were in powder form, where they could be 

used by dissolving 1 teaspoon of mask 

powder using water, stirring until a green 

paste-like consistency was obtained and 

then applied to the skin, waited for ±15 

minutes and rinsed. 

Organic masks are face masks that, in 

the manufacturing process, only use 

ingredients sourced from nature. Currently, 

organic face masks are very popular with 

consumers, especially women, because 
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they are claimed to be safe for long-term 

use and at affordable prices. The number 

of producers of organic face masks 

continues to increase, but most of the 

masks in circulation do not have a BPOM 

permit and are sold freely online. The 

natural ingredients used in making organic 

masks using natural ingredients in this 

study are avocado leaves, bidara leaves, 

and Moringa leaves. Moringa leaves 

contain various phytochemical compounds 

such as tannins, steroids, flavonoids, 

triterpenoids, anthraquinones, saponins, 

and alkaloids belonging to antioxidant 

compounds. Moringa leaves contain 

flavonoids in the form of catechins, 

epicatechins, kaempferol, and quercetin. 

In addition, Moringa leaves contain 

phenolic acids in the form of cinnamic 

acid, ferulic acid, and hydroxycinnamic 

acid. The main active compound quercetin 

contained in Moringa leaves has 

anti-bacterial benefits. The presence of 

secondary metabolites such as flavonoids, 

phenols, and alkaloids causes Moringa 

leaves to have high antioxidant and 

antimicrobial and can inhibit bacterial 

activity. Avocado leaves contain 

phytochemical components such as 

saponins, tannins, flavonoids and alkaloids 

through phytochemical tests. Flavonoids 

are polar compounds because they have a 

number of unsubstituted hydroxyl groups. 

These flavonoid compounds can be used 

as antimicrobial, wound infection 

medicine, anti-fungal, anti-viral, 

anti-cancer, and anti-tumour. Bidara 

leaves, which have the Latin name 

Ziziphus Mauritiana Lam, have been 

shown to eradicate bacteria, fungi and 

other pathogens. Bidara leaf extract water 

has antinociceptive properties. Bidara leaf 

powder can be used as a mask for facial 

beauty because it contains alkaloids, 

saponins, flavonoids, steroids and tannins. 

The formulation used in making this 

organic mask is for three packages with 20 

grams each, namely 0.6 grams of Salicylic 

acid; 32.4 grams of kaolin; 9 grams of 

avocado leaf powder; 9 grams of 

powdered bidara leaves; 9 grams of 

Moringa leaf powder. The use of Salicylic 

acid in this mask has the benefit of 

exfoliating dead skin cells, curing acne, 

preventing the appearance of blackheads 

and blackheads, and reducing facial skin 

inflammation. Kaolin in the formulation of 

this organic mask has the benefit of 

soothing rashes and irritations, balancing 

skin tone, removing dead skin cells, and 

helping control oil production on the face. 

The organic masks produced in this study 

were in powder form, where they could be 

used by dissolving one teaspoon of mask 

powder using water, stirring until a green 

paste-like consistency was obtained and 

then applied to the skin, waited for ±15 

minutes and rinsed.  

Production Cost Per Package 

Mask Material: 

Name Price/mass (Rp/gr) Needs (gr) Total cost 

Kaolin Rp.12.000,00/1000 gr 32,4 gr Rp.388,80 

Salicylic acid Rp.38,000.00/100 gr 0,6 gr Rp.228.00 

Moringa leaf powder Rp.10,000.00/100 gr 9 gr Rp.900,00 

Avocado leaf powder Rp.25,000.00/100 gr 9 gr Rp.2.250,00 

Bidara leaf powder Rp.10,000.00/100 gr 9 gr Rp.900,00 

Total Rp.4.666,80 

Packaging: 

Name Price Needs Total price 

Zip lock packaging Rp.750,00/pcs 1x3 Rp.2.250,00 

Logo sticker Rp.225,00/sheet 1x3 Rp.675,00 

The total cost of one recipe Rp.4.666,80/60gr 20x3 Rp.4.666,80 

Total Rp.7.591,8/3pcs 

The total cost of 3 packs of 20 grams 

each is Rp.7.591,8, so it needs Rp.2.530,6 

each pack, so it’s planned that it is priced 

Rp.5.000,00 each pack. The net value of 

this product is 20 grams,  and the gross 

is 22,5 grams. 
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a.  b.  

Picture 1. (a) Packaging Labels (b) Packaging Container Planning 

a.  b.  

Picture 2. (a) Mask Trial (b) The result 

 

4. CONCLUSION 

  
The organic masks made from a 

combination of avocado leaves, bidara leaves 

and Moringa leaves have been successfully 

carried out and based on trials with ten 

respondents, it does not cause skin irritation. 
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ABSTRACT 

The manufacture of TiO2 doped with hydrochar has been carried out. Coconut shell (coconut shell) has the potential to 

be used as hydrochar because it contains 26,60% cellulose, 29,40% lignin, and 27,70% hemicellulose to form coconut 

shell hydrochar (CSH). This research was conducted to synthesize TiO2/CSH with composition variations (w:w) 1:0,5 

(TiO2/CSH0,5); 1:1 (TiO2/CSH1); and 1:1,5 (TiO2/CSH1,5) using the impregnation method. The synthesized compounds 

were characterized by X-ray diffraction (XRD) to determine the TiO2 phase, Fourier transform infrared (FTIR) to 

determine the vibration of the functional group and UV diffuse reflectance spectroscopy (UV-DRS) to determine the 

band gap energy of the synthesized product. XRD results showed that TiO2/CSH had anatase and rutile phases. The 

more concentration of CSH added, the higher the intensity of the rutile TiO2 phase. FTIR shows the results of TiO2 

vibrations at numbers 567, 684, 1635, and 3473 cm-1. The energy value of the TiO2/CSH band gap becomes smaller 

with the addition of CSH (TiO2/CSH1,5) which is 3,15 eV. The variation of TiO2/CSH1,5 has the smallest band gap energy 

and two phases of TiO2 (anatase and rutile) are formed so that it has the best ability in its photocatalytic activity. 

Keywords: TiO2; Coconut Shell Hydrochar; Photocatalyst; Impregnation. 

1. INTRODUCTION 

Technological developments, especially those related 

to electronic devices, make use of many semiconductor 

materials. Semiconductor materials are materials with 

electrical properties between conductors and insulators. 

The characteristics of this material are highly dependent 

on the value of the energy gap. Most of the use of 

semiconductor materials requires a small energy gap 

value. One of the semiconductor materials that are widely 

used today is TiO2 (Titanium dioxide). This is because 

TiO2 has good thermal stability, is inert, non-toxic, can 

withstand high temperatures and has good catalytic 

activity (Bakardjieva et al., 2005).  

TiO2 has a disadvantage, namely the relatively large 

band gap energy value of around 3.2 eV – 3.8 eV. This 

causes the ability of TiO2 material to absorb light such as 

its application in solar cells and photocatalysts to be less 

effective. When the band gap energy of the material is 

large, the absorption spectrum of UV-Vis light will be 

small. The absorption spectrum can be reduced by 

reducing the band gap energy in the semiconductor 

material (Abdullah, 2009). 

Various ways can be done to minimize the energy 

gap, such as heating treatment by calcining, modifying 

the material composition and doping the material with 

other materials. One way to reduce the energy gap is by 

doping other materials to the TiO2 material. For doping, 

you can use transition metal materials such as Fe, Au, 

Mo, and others (Yang et al., 2015; Kumar et al., 2005; 

Cui et al., 2017). In addition, it can also be in the form of 

non-metallic materials such as C, N, and S (Kalantari et 

al., 2016; Tian et al., 2009; Fahyuan et al., 2015; 

Fahyuan et al., 2018). However, these materials are 

relatively expensive and not environmentally friendly. 

Hydrochar is an environmentally friendly doping 

made from organic materials. Hydrochar can be produced 

from crop waste, food, agricultural residues, and from 

stems/wood (Nakason, 2018). The processed hydrochar 

also has many functional groups in the outer layer as well 

as an aromatic framework. These properties make 

hydrochar a powerful alternative to be used as a 

photocatalyst support material (Riyani, 2011). 
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Coconut shell is part of the coconut fruit in the form 

of endocrap, hard, and covered by coconut fiber. The 

chemical composition of coconut shell consists of: 

cellulose 26.60%, lignin 29.40%, hemicellulose 27.70%, 
extractive components 4.20%, uronic anhydride 3.50%, 

ash 0.62%, nitrogen 0.11% , and 8.01% water 

(Suhardiyono, 1998). This content is useful as a carbon 

source in the hydrochar process to be applied as a 

supporting material for TiO2 in the photocatalyst process 

so that CSH (Coconut Shell Hydrochar) will be formed. 

The success of the bond between TiO2 and CSH can 

be determined by looking at the functional groups in the 

sample, the crystals formed and the energy band gap 

possessed by the sample using the FTIR, XRD and UV-

DRS characterization tests. 

2. METHOD 

This research was conducted to determine the 

characteristics of TiO2/CSH (Coconut Shell Hydrochar) 

using X-Ray Diffraction (XRD), Fourier Transform 

Infrared (FTIR) and UV Diffuse Reflectance 

Spectroscopy (UV-DRS) instruments. 

2.1 Synthesis of CSH (Coconut Shell 
Hydrochar) 

The coconut shell waste obtained was dried at room 

temperature and pulverized using a wood lathe. Then 

hydrothermal carbonization was carried out on 5 g of 

coconut shell and 100 mL of distilled water which was 

heated for 2 hours at 200˚C in a 200 mL autoclave 

reactor. The contents of the reactor are cooled to room 

temperature then poured and filtered to separate the solid 

product that has been produced, namely CSH (Coconut 

Shell Hydrochar). Then the obtained CSH was washed 

with distilled water and allowed to dry for up to 24 hours 

at a temperature of 105˚C (Islam et al., 2017). CSH 

samples were activated with 2% NaOH solution and 

soaked for 4 hours. Then the CSH was filtered and dried 

at 350˚C for one hour (Hartanto, 2010). 

2.2 Synthesis of TiO2/CSH (Coconut Shell 
Hydrochar) 

TiO2/CSH synthesis was carried out by impregnation 

method according to the procedure (Taylor, et.,al, 2014). 

TiO2 was dried in an oven at 105⁰C for 2 hours and then 

calcined at 500⁰C for 1 hour. Some TiO2 was added to a 

beaker containing 100 mL of distilled water and heated 

to a temperature of 70⁰C and stirred using a magnetic 

stirrer. A number of CSH samples were added to the TiO2 

solution with a ratio of TiO2:CSH 1:0.5; 1:1; and 1:1.5 

while stirring at the same temperature for 90 minutes. 

The solution was then allowed to stand for 30 minutes to 

form a precipitate, then filtered and dried in an oven at 

80⁰C for 3 hours. TiO2/CSH powder was calcined in a 

furnace at 350⁰C for 1 hour. The best characteristic 

composition of the compounds synthesized TiO2/CSH is 

known to use X-ray diffraction (XRD) characterization 

test to determine the TiO2 phase, Fourier transform 

infrared (FTIR) to determine the vibration of functional 

groups and UV diffuse reflectance spectroscopy (UV-

DRS) to determine the band gap energy of the synthesis. 

3. RESULTS AND DISCUSSION 

3.1 Synthesis of CSH (Coconut Shell Hydrochar) 

CSH is made through hydrothermal carbonization 

because this method is a wet thermal technique with a 

process that is simple, inexpensive, and easy to perform 

compared to other techniques. The formed CSH is 

chemically activated using 2% NaOH with the aim of 

increasing the pore size, namely by breaking down the 

hydrocarbon bonds or oxidizing some surface molecules 

so that the surface area becomes larger so that it can 

increase the adsorption power of the hydrochar (Hartanto 

et al., 2010). The formation of greater porosity in NaOH 

activated carbon occurs due to the dehydration effect of 

the activator which breaks the C-O-C and C-C bonds on 

the carbon. During the activation process, NaOH is 

reduced to metallic Na, hydrogen gas, and sodium 

carbonate based on the reaction equation below:  

6NaOH (aq) + 2C (s) → 2Na (s) + 3H2 (g) + 2Na2CO3 (s)    

The higher the NaOH concentration, the more Na metal 

trapped in the pores and the wider the pore size so that 

the adsorption power of hydrochar can increase (Hassan 

& Youssef, 2014). 

3.2 Synthesis of TiO2/CSH (Coconut Shell 

Hydrochar) 

TiO2/CSH was synthesized using the impregnation 

method. Impregnation is a method of material 

preparation by completely saturating the substance. The 

purpose of using the impregnation method is to bind the 

active metal TiO2 to the CSH surface. CSH has many 

functional groups in the outer layer as well as an aromatic 

framework so that CSH is a powerful alternative for 

photocatalyst support (Donar, 2018). The results of 

TiO2/CSH impregnation are as follows. 

 

Picture 1 TiO2/CSH (a) 1:0,5 (b) 1:1 (c) 1:1,5 

3.3 X-Ray Diffraction Characterization 

XRD to determine the crystalline phase formed from 

the synthesis. The x-ray diffraction patterns of TiO2, 

CSH, and TiO2/CSH samples were identified by 

crystalline phase by comparing the diffractogram data 
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obtained with the JCPDS (Join Committee on Powder 

Standard) standard database. 

 

Picture 2 Difraktogram TiO2, CSH, TiO2/CSH 

The overall XRD pattern experienced a 2θ shift in a 

smaller direction due to the presence of hydrochar 

support in the catalyst. CSH samples had sharp peaks at 

2θ = 30, 33, 35, 38, and 48. The peak change from 

sharp to wide at 2θ = 48 which indicates a change in the 

carbon structure from crystalline to amorphous 

(Febriyanto et al., 2019). In the study of Girgis et al., 

(2007) found that the profile of activated carbon looks 

simple and shows two broad diffraction in the angle range 

of 2θ = 20-30° and 43-48°. 

TiO2 photocatalyst samples and TiO2/CSH 

synthesized samples have peak characteristics with sharp 

intensity. This indicates that the TiO2 and TiO2/CSH 

photocatalysts formed are crystalline solids. The results 

of the photocatalyst diffractogram of TiO2 and TiO2/CSH 

showed the formation of a peak at 2θ (o): 25,38; 37.88; 

48.11; 53.96; 55.13; 62.14; 68.85; 70.38; and 75.13. 

Based on JCPDS data number 21-1272, the anatase TiO2 

phase is characterized by the formation of peaks in the 2θ 

(o) region: 25, 37, 48, 53, 55, 62, 68, 70, 75, and 82 (Choi, 

2010). The results of the synthesis of TiO2/CSH1,5, 

TiO2/CSH1, TiO2/CSH0,5 also showed peak formation at 

2θ: 27.50o, 27.43o, 26.69o with very low intensity. This 

indicates that the rutile phase is formed in the TiO2/CSH 

photocatalyst. JCPDS data number 21-1276 shows the 

peak of the rutile phase is formed at 2θ (o): 27, 36, 40, 54, 

56, and 61 (Li et al., 2014). The more CSH concentration 

added, the higher the intensity of the rutile TiO2 phase. 

This indicates that the change in the structure of TiO2 

formed is influenced by the amount of CSH 

concentration given. 

The average size of TiO2, hydrochar and TiO2/CSH 

crystals was obtained by using the Scherrer equation 

compared with JCPDS TiO2 and the full width half 

maxsimum (FWHM) value converted in radians, then 

calculated using the formula D = 0.97782 /FWHM cos , 
in this case Kα = 0.154056 . The complete crystal size 

calculation can be seen in the following table. 

Table 1 Average Crystal Size 

NO Sampel Ukuran rata-rat kristal (nm) 

1 CSH 29,142 

2 TiO2 52,800 

3 TiO2/CSH0,5 48,924 

4 TiO2/CSH1 47,052 

5 TiO2/CSH1,5 44,646 

TiO2 impregnation in CSH can reduce the crystal size. 

This is because hydrochar has a large surface area, so that 

TiO2 bound to the hydrochar surface will have a more 

even pore size. The lower the crystal size, the larger the 

surface area so that the adsorption power is greater due to 

the increase in the TiO2 active site bound to carbon. 

However, the addition of too many nanoparticles to 

activated carbon can reduce the surface area of the 

material due to the aggregation of nanoparticles on 

activated carbon due to the closed pores and carbon 

surface (Mian & Liu, 2018). 

3.4 Infrared Spectrophotometer (FTIR) 

FTIR was conducted to determine the vibration of the 

functional group and the type of bond formed in the TiO2, 

CSH, and TiO2/CSH samples. CSH formed a peak at a 

wave number of 3467 cm-1 which indicated the presence 

of stretching of the hydroxyl group (-O-H) of the water 

adsorbed on the surface of the CSH (Makrigianni et al., 

2015). The peak at the wave number of 1647 cm-1 

indicates the presence of vibrations of the C=C functional 

group originating from the aromatic ring (Wang et al., 

2011). 

The peaks formed in the TiO2 and TiO2/CSH 

photocatalysts did not have a significant difference. In the 

TiO2 photocatalyst, peaks were formed at wave numbers 

of 3473 cm-1 and 1635 cm-1 which indicated the 

vibrations of the hydroxyl functional group (-O-H) and 

Ti-OH bending, and peaks at 684 cm-1 and 567 cm-1 

which were the vibrations of the Ti-OH group Ti-O 

indicating the presence of TiO2-anatase (Silvestri et al., 

2018). 
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Picture 3 FTIR Spectra of TiO2, CSH, and TiO2/CSH 

samples 

In the TiO2/CSH photocatalyst, a peak is formed in 

the range of 3400 cm-1 wave number which indicates the 

absorption peak of the O-H stretching vibration bond 

associated with the Ti (Ti-OH) atom. The O-H bending 

vibrational bond appears in the range of the wave number 

region of 1600 cm-1 which indicates the presence of water 

in the sample (Kongsong et al., 2014). The appearance of 

this O-H vibrational bond indicates the presence of water 

molecules in the TiO2 sample. The presence of this water 

molecule can be obtained from the use of distilled water 

as a solvent during the synthesis process (Deswardani et 

al., 2020). In the wave number range of 2300 cm-1 

indicates the presence of C≡C vibrational bonds. The 

appearance of the C≡C bond indicates the presence of 

hydrochar in TiO2, this is because the hydrochar is rich 

in carbon (C) molecules (Pavia et al., 2010). The range 

of the wave region from 650 cm-1 to 500 cm-1 indicates 

the presence of the Ti-O functional group vibration of 

TiO2 (Deswardani et al., 2020; Lu et al., 2019). 

3.5 UV-Visible Diffuse Reflectance (UV-DRS) 

UV-DRS was used to determine the energy gap in 

TiO2, CSH, and TiO2/CSH samples. The energy gaps of 

TiO2, CSH, and TiO2/CSH samples were analyzed in the 

UV-Vis wavelength region of 200-800 nm. The UV-DRS 

data spectrum was processed using the Kubelka-Munk 

equation and then a curve was made showing the 

relationship between wavelength and the Kubelka-Munk 

factor (F(R)). The relationship between the wavelength 

and the Kubelka-Munk factor is shown in figure 1.4. 

 

Picture 4 Wavelength Relationship with Kubelka-Munk 

Factor TiO2/CSH 

The Kubelka-Munk factor in the CSH sample 

increases towards a larger wavelength region. This 

proves that the CSH sample does not have a specific 

absorption at the wavelength of UV light and visible 

light. Kubelka-Munk factor TiO2 photocatalyst has a high 

absorption intensity in the UV light region and decreases 

significantly in the visible light region. The photocatalyst 

TiO2/CSH experienced an increase in the absorption of 

Kubelka-Munk factor which shifted from the wavelength 

range of 300 nm to a wavelength of 400 nm along with 

the addition of hydrochar into TiO2. This shows that the 

more hydrochar added to TiO2, the more light absorption 

shifts from the UV light region to the visible light region. 

Mian & Liu (2018) stated that carbon material can 

make photocatalysts with large band gaps more sensitive 

to light so that the light sensitivity of composites can shift 

from the UV region to the visible light region. Based on 

the wavelength relationship with the Kubelka-Munk 

factor in figure 4, the results show that the photocatalyst 

TiO2 has an absorption at a wavelength of 371 nm, 

TiO2/CSH0.5 375 nm, TiO2/CSH1 377 nm, and 

TiO2/CSH1,5 has an absorption at a wavelength of 382 nm 

wave. 

Determination of the energy gap is done by making a 

curve of the relationship between (F(R)*hv)½ and energy 

(hv). The energy gap of the TiO2, CSH, and TiO2/CSH 

composite samples can be seen in Figure 5. The CSH 

sample does not include semiconductor materials where 

the characteristics of the semiconductor are having a 

certain energy gap. The TiO2 photocatalyst has an energy 

gap of 3.34 eV. This indicates that TiO2 is in the anatase 

phase (Bizarro & Rodil, 2015). This data is in accordance 

with the results of the XRD diffractogram which states 

that TiO2 is in the anatase crystal phase. 
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Picture 5 Energy Gap TiO2/CSH 

The energy gap in the TiO2/CSH photocatalyst 

decreases with the addition of hydrochar to TiO2. 

Photocatalyst TiO2/CSH0.5 has an energy gap of 3.30 eV, 

TiO2/CSH1 3.27 eV, while TiO2/CSH1.5 has a band gap of 

3.15 eV. Mian & Liu (2018) stated that carbon material 

can make photocatalysts with large band gaps more 

sensitive to light so that the light sensitivity of the 

composite can shift from the UV region to the visible 

light region and reduce the energy gap value. 

4. CONCLUSION 

CSH (Coconut Shell Hydrochar) material is a 

crystalline solid which shows a peak of 480 where there 

is a shift from a high level of order (crystalline) to an 

irregular (amorphous) one. TiO2 and TiO2/CSH 

composite materials are crystalline solids. TiO2 is in the 

anatase crystal phase, while TiO2/CSH0,5, TiO2/CSH1, 

and TiO2/CSH1,5 are a mixture of anatase and rutile 

crystals. TiO2/CSH composites have peaks at wave 

numbers of 3400cm-1, 2300cm-1, 1600cm-1, 650cm-1, and 500 
cm-1 which indicate the presence of vibrations of the 

hydroxyl functional group (-O-H), carbonyl (-C=O), Ti-

OH, Ti-O and C≡C groups of hydrochar. Based on UV-

DRS analysis, the energy gap values of TiO2, 

TiO2/CSH0,5, TiO2/CSH1, TiO2/CSH1,5 were 3.34; 3.30; 

3.27; and 3.15 eV. 
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ABSTRACT 

The availability of clean water is still a problem in Indonesia. River water is one of the natural resources used to meet 

the water needs of living things. Along with the development of industry, industrial liquid waste is generally directly 

disposed of by flowing into rivers without adequate treatment, causing changes in river water conditions, both in terms 

of color, pH, and river water content. This study aims to determine the effect of activated charcoal from coconut shells 

on the water quality of the Genuk River organoleptically. The research was conducted by preparing raw materials, 

making charcoal, activation, and absorption of river water with activated carbon. Based on the results of the research, 

coconut shell activated carbon with a concentration of 3% HCl can lower the pH from an initial value of 8 to 7. Then 

the color of the river water which was initially cloudy becomes clearer. Where the results already meet the river water 

quality standards. The conclusion is that activated charcoal from coconut shells is effective in reducing water pollution 

levels in the Genuk River. 

 

Keywords: Coconut Shell, Activated Charcoal, Organoleptic, Genuk River Water 

 

1. INTRODUCTION 

Water is one of the natural resources that has a very 

important function for human life, as well as to promote 

the general welfare so that it becomes the basic capital 

and the main factor of development.  Water is also an 

important component of the environment for the survival 

of humans and other living things.  It can be seen from 

the fact that 70% of the earth’s surface is covered by 

water and two thirds of the human body is made up of 

water.  The first requirement for the implementation of 

good health is the availability of adequate water in terms 

of quantity and quality, which must meet the 

requirements of cleanliness and safety [1]. 

The Government of Indonesia through the Ministry of 

Health of the Republic of Indonesia requires the need for 

clean water for its people to be 60 liters per person per 

day.  The clean water must meet the requirements set out 

in the Minister of Health Regulation no. 32 of 2017 

concerning environmental health standards and drinking 

water health requirements for sanitary hygiene, 

swimming pools, solus per aqua, and public baths as 

follows: clear, colorless, tasteless, odorless, non-toxic, 

neutral pH and free of microorganisms. In addition, the 

temperature of clean water should be the same as the air 

temperature or approximately 25°C, and if there is a 

difference, the allowable limit is 25°C-30°C [2]. 

 Several rivers in Semarang have been polluted by 

more and more industrial waste.  Whereas river water 

should be used as a source of clean water.  For this reason, 

it is necessary to treat river water into clean water so that 

it can be used for household activities such as washing.  

Several attempts have been made to purify river water so 

that it can be used as clean water.  Filtration is the most 

appropriate simple method for converting river water into 

clean water.  Several studies using the filtration method 

have been carried out to filter water into clean water.  

Various kinds of media (multi-filter) such as gravel, sand, 

and palm fiber have been successfully used to filter 

water.  However, the results obtained were less than 

optimal because the minerals and heavy metals in the 

water were not successfully released from the water [3]. 

In this study, filtration will be carried out using 

activated charcoal from coconut shells so that the water 

filtration results obtained are more optimal.  Dissolved 

solids, microorganisms, minerals, and heavy metals in 

water will be adsorbed in activated charcoal.  This 

technology can be used as a solution for the community 

because of its simple processing with tools and materials 

available in nature, easy operation and low cost.  Coconut 
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shell activated charcoal is used for water filtration from 

the Genuk River.  Furthermore, organoleptic analysis was 

carried out including odor, taste, color, turbidity, and pH 

[4]. 

2. MATERIALS AND METHODS 

2.1 Materials 

Coconut shell, 3% HCl solution, aquades, river water 

samples (Genuk area), pH paper. 

2.2 Method 

2.2.1 Charcoal activation 

Coconut shells are washed using clean running water, 

then dried in the sun. Burning (without fuel) until it 

becomes charcoal, for about 20 minutes. The charcoal is 

rinsed with distilled water and then dried in the sun. Then 

the size of the charcoal is reduced in order to increase the 

adsorption efficiency. Weighed 30 grams of charcoal, 

then soaked the charcoal sample in 100 mL of 3% HCl 

for 12 hours. After 12 hours, the activated charcoal was 

washed with distilled water and then dried [5]. 

2.2.2 Activated charcoal testing 

Before the test process, the pH of the river water 

samples from the Genuk area was checked. Then 

testing/adsorption is carried out by passing river water to 

activated charcoal. Filtering was repeated 3 times. Do 

check again the pH of river water and compare. Also 

compare the color of the river water samples before and 

after the adsorption process. 

3. RESULTS AND DISCUSSION 

Coconut shell is used because it contains carbon so 

that it can be made activated charcoal [6]. Charcoal from 

coconut shell can be used as an adsorbent with free 

content water ranges from 10-11% and pH ranges from 

6-8 and has a fairly large absorbing property and many 

pores.  However, in the initial state, this coconut shell 

charcoal did not have optimal absorption so it needs to be 

activated first.  Making charcoal can be produced from 

various materials or materials that have a high enough 

carbon content. 

Hoque (2002), explained that coconut shells made of 

activated carbon have several advantages compared to 

those made from other materials, namely the level of 

hardness [7]. Which facilitate handling properties, large 

surface area, high absorption,produces little ash, and has 

a high degree of purity . Immersion of charcoal samples 

with a solution of these strong acids aims to degrade or 

hydrate organic molecules during the process 

carbonization, limiting tar formation, assisting the 

decomposition of organic compounds on subsequent 

activation, dehydrating water trapped in carbon voids, 

helping to remove hydrocarbon deposits produced during 

the carbonization process and protect the carbon surface 

so that the possibility of oxidation can be reduced [8]. 

3.1 Water sample adsorption 

Activated charcoal is one of the media used as a filter 

in water purification such as river water.  The use of 

activated charcoal in the water filtration process 

functions as active carbon which is due to the content in 

the charcoal itself in the form of activated carbon.  

Activated carbon in the filtration process acts as an 

absorbent factor to filter various aspects, such as odors 

and purify water.  The water sample used is a sample of 

the Genuk river water which has been polluted by waste.  

The turbid condition of the wastewater does not allow 

river water to be used directly to meet daily water needs.  

From the results of water purification with a simple 

model, where a cloudy water sample is taken, then the 

sample water is put into a container that already contains 

coconut shell activated charcoal for the filtering stage [9]. 

 

 

 

Figure 1. Genuk River Water Before Filtering (left) and 

After Filtering (right) 

 Based on the picture above, it can be seen that after 

filtering using activated charcoal from coconut shells it 

produces a color change, where the water which was 

originally cloudy in color turns clear.  This absorption is 

carried out by activated carbon where there is absorption 

of substances in river water that are removed by the 

surface of the activated charcoal.  After passing the test 

through simple filtration, river water that has been 

filtered in accordance with the Regulation of the Minister 

of Health of the Republic of Indonesia 

No.492/Menkes/Per/IV/2010 concerning drinking water 

requirements that have certain standards that must be met 

shows that the Genuk River water after being filtered 

meets the requirements when viewed in terms of color.  

Where in the regulations it is known that drinking water 

has a standard in terms of physical parameters, namely 

the absence of color detection.  It can be concluded that 

the river water after testing meets the requirements [10]. 

3.2 Determination of the Degree of Acidity (pH) 

Temperature has an effect universal in managing 

processes naturally in the water, because affect the biotic 

components and abiotic components.  pH is one of the 

parameters which affects the solubility of metals weight 

on water.  pH level low will result in high solubility in 

metals heavy.  Pollution a water by the elements heavy 

metals besides being annoying ecosystem also 

indirectlyb can also damage fisheries and human health.  
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The relationship between the use of activator and 

without activator on activated charcoal adsorbent from 

coconut shell on the pH value can be seen in the 

following figure. 

 

 

Figure 2. Results of pH Testing on River Water Before 

Filtering (right) and After Filtering (left) 

The picture above shows that the pH value of cloudy 

river water has a pH value of 7. However, after the cloudy 

water is filtered using activated coconut shells, it shows 

an increase in pH of 8. According to Hadiwiyanto (1993), 

the increase in high pH is caused by the presence of 

compounds that are alkaline where this can also reduce 

their organoleptic values. 

After passing the test through simple filtration, river 

water that has been filtered in accordance with the 

Regulation of the Minister of Health of the Republic of 

Indonesia No.492/Menkes/Per/IV/2010 regarding 

drinking water requirements that have certain standards 

that must be met indicates that the water of the Genuk 

River after a pH test is carried out it is known that the pH 

meets the requirements when viewed in terms of 

chemical parameters.  Where in the regulations it is 

known that drinking water has a standard in terms of 

chemical parameters, namely the pH of the test is in the 

pH range of 7-8.  It can be concluded that the river water 

after testing meets the requirements. 

4. CONCLUSION 

The conclusion is that activated charcoal from 

coconut shells is effective in reducing water pollution 

levels in the Genuk River. 
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ABSTRACT 

Geopolymers with alkaline activators still have problems with brittleness. To overcome the problem of brittleness of 

geopolymers, reinforcing materials are needed. The reinforcing materials used are polypropylene and cellulose. 

Cellulose is obtained from bagasse, while polypropylene is obtained from mineral water plastic glass waste. The purpose 

of this study was to determine the characteristics and mechanical properties of cellulose geopolymers and polypropylene 

geopolymers with variations in the addition of cellulose and polypropylene. The addition of cellulose and polypropylene 

to the geopolymer was 0.2, 0.4, and 0.6% of the total volume, respectively. The structural characteristics of the 

geopolymer were tested by FTIR and XRD. FTIR results showed asymmetric and symmetric stretching vibrations (Si-

O-Si and Si-O-Al) at wavelengths of 1001 cm-1 and 699 cm-1. XRD test showed the formation of sodium alumina silica 

hydrate (N-A-S-H) at angles of 14⁰, 21⁰, 24⁰, 26⁰. The addition of 0.6% cellulose resulted in a geopolymer particle size 

of 22.2341 nm while the addition of polypropylene resulted in a geopolymer particle size of 176720 nm. The best 

addition of reinforcing material was obtained using 0.6% cellulose with a compressive strength of 10.03 Pa.  

 

Keywords: Geopolymer; Polypropylene; Cellulose; Compressive Strength 

 

INTRODUCTION 
Environmental problems are a major challenge for 

the cement industry. The manufacture of Portland 
cement produces emission gases such as CO2 gas and 
sulfide gas produced from the cement production 
process(Amin, 2017). CO2 and sulfide gases are the 
main contributors to the increase in the greenhouse 
effect. there needs to be an alternative 
environmentally friendly material that can replace the 
function of cement in the construction industry. 

Fly ash-based geopolymers are a suitable material 
to replace Portland cement in the construction 
industry. Fly ash-based geopolymers do not use 
conventional cement as an adhesive in the 
manufacture of concrete (Justin, 2018). Geopolymers 
are polymeric materials containing Si and Al elements 
which react by polymerization with an activator (E. 
Rahmawati, 2018). Geopolymer has the 
characteristics of high compressive strength and 
resistance to heat (Purbasari et al., 2018). 

Fly ash based geopolymers still have problems 
with brittleness. To overcome the problem of 
brittleness, a reinforcing material is needed in fly ash-
based geopolymers (Ye et al., 2018). The reinforcing 
material used is polypropylene and cellulose. 

Polypropylene is extracted from plastic and cellulose 
is synthesized from bagasse. 

Polypropylene in geopolymers can lead to 
increased deformation and contraction performance 
in geopolymers. The addition of polypropylene in the 
geopolymer increases the compactness of the 
geopolymer mortar. The geopolymer reinforced with 
0.5% PPF and 1.5% Ca(OH)2 produced a compressive 
strength of 4.63 MPa, this result was the highest after 
the geopolymer was reinforced with 1.0% Ca(OH)2 
and 0% polypropylene with a compressive strength of 
4 ,08 MPa. The strengthening of the polypropylene 
content in the geopolymer can improve the 
mechanical properties of concrete against shrinkage 
and cracking so that, polypropylene can provide high 
structural stability to the geopolymer mortar 
(Baykara et al., 2020). Geopolymer reinforced with 1.0% 
polypropylene with alkali activator ratios of 2, 2.5 and 
3 resulted in flexural strengths of 9.0 MPa, 9.36 MPa, 
and 9.87 MPa (Mohseni, 2018). Geopolymer 
reinforced 1.0% polypropylene experienced a 
decrease in compressive strength. The 0.5% 
reinforced geopolymer and 1.0% polypropylene with 
a Ca(OH)2 content of 1.5% resulted in a compressive 
strength of 4.63 MPa and 4.06 MPa (Baykara et al., 
2020) 
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In addition to polypropylene which is used as a 
reinforcement for geopolymers, there is a reinforcing 
material derived from nature, namely cellulose. 
Cellulose is a natural material or material produced 
from biomass waste. The use of cellulose in 
geopolymers results in a denser geopolymer structure, 
fewer pores and almost unchanged density, due to the 
connecting mechanism of the fibers that resists crack 
propagation. The addition of cellulose in the 
geopolymer can provide a strong bond between the 
cellulose and the geopolymer matrix, because the 
addition of cellulose in the geopolymer does not cause 
significant degradation. The 5% cellulose reinforced 
geopolymer produced a compressive strength of 36.22 
± 8.31 MPa. Geopolymer without cellulose has a 
compressive strength of 28.84 ± 3.25 MPa (Ye et al., 
2018). The use of cellulose in the manufacture of 
geopolymers has the advantages of high abundance, 
low cost, low density, excellent mechanical properties, 
and non-toxicity. 

The aim of this study was to compare the effect of 
addition of cellulose and polypropylene on the 
properties of geopolymers (X-Ray Diffraction and 
Fourier Transform Infrared) and to evaluate the 
comparative geopolymer investigated through 
mechanical strength (compressive strength). 

 

METHODOLOGY 
Material 

Fly ash was obtained from PLTU Tanjung Jati Waste, 

Tubanan Village, Kembang District, Jepara Regency. 

Sugarcane pulp is obtained from the waste of Sugarcane 

Ice Traders. Plastic is obtained from the waste of used 

mineral water plastic cups. 

 

Cellulose Synthesis 

The bagasse is washed and dried. Bagasse was cut 

into small pieces with a size of ± 0.5 cm. The pieces of 

bagasse were ground until smooth and sieved using an 80 

mesh sieve. 200 grams of fiber is heated in an oven for 1 

hour, added with 800 mL of 10% NaOH at 100oC and 

heated using a stirrer for 2 hours. The pulp was separated 

and washed with distilled water until clean. The pulp 

formed was bleached with 1 L 2% H2O2 and 125 mL 5% 

NaOCl at 60oC for 2 hours. The pulp formed was washed 

and dried at 1050C for 1 hour using an oven. The results 

were characterized by FTIR (Wahyusi et al., 2017). 

 

Polypropylene Preparation 

Polypropylene plastic waste is washed thoroughly. 

Plastic waste is cut into small pieces. Pieces of plastic 

waste are put into a reflux tube. The xylene solvent was 

put into a reflux flask. The reflux apparatus was turned 

on at 130oC for 2 hours. The solution that was refluxed 

was removed. Methanol is added for the precipitation 

process. The solution was filtered to get a precipitate. The 

precipitate was dried, pulverized, and sieved to become a 

polypropylene plastic waste powder with a size of 80 

mesh (Hidayani et al., 2015). 

 

Geopolymer Synthesis 

The geopolymer was prepared according to Table 1. 

Solutions of alkaline activator (NaOH), polypropylene 

and cellulose were prepared the day before mixing. Fly 

ash is placed in a container. Then it is added with the 

alkaline solution that was made the day before slowly 

while stirring slowly. Furthermore, polypropylene or 

cellulose is added according to the predetermined 

concentration while stirring. The dough is stirred until 

smooth. After becoming a geopolymer paste, it was 

printed with a 5 x 5 cm cylindrical mold. The dough is 

compacted so that the mold is filled perfectly by vibrating 

it. Then it is in the oven at 70oC for 24 hours (Malik, 

2016). Cool and remove from the mould. Then wrapped 

in plastic and stored for 15 days. Then the geopolymer 

was characterized and tested by instrument. 

 

Table 1. 

Geopolymer compositionr 

Code Fly 

Ash 

(gr) 

 

Activator 

Polypropyle

ne 

Cellulose 

G-

CO 

150 25% - - 

G-

S02 

150 25% - 0,2% 

G-

S04 

150 25% - 0,4% 

G-

S06 

150 25% - 0,6% 

G-

PP02 

150 25% 0,2% - 

G-

PP04 

150 25% 0,4% - 

G-

PP06 

150 25% 0,6% - 

Note: the percentage of activator, polypropylene, and 

cellulose is taken from the weight of fly ash (w/w) 

 

Characterization 

Characterization of polypropylene and cellulose 

using FTIR (Fourier Transform Infra Red) brand 

Shimadzu IR Prestige-21. Geopolymer characterization 

using XRD (X-Ray Diffraction) brand D8 Advance and 

FTIR (Fourier Transform Infra Red) brand Shimadzu IR 

Prestige-21. Characterization of the geopolymer only 

results in the best compressive strength of each of the best 

variations. The Compressive Strength Test was carried 

out at the Materials and Construction Laboratory of the 

Department of Civil Engineering, Faculty of 

Engineering, Diponegoro University, Semarang.  

RESULT AND DISCUSSION 
 

Cellulose Synthesis 
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Synthesis of cellulose from bagasse using a 

solution of 10% NaOH, 5% NaOCl, and 2% H2O2. 

NaOH 10% serves to activate the OH- group completely 

in cellulose and to remove lignin in the bagasse because 

NaOH can damage the ether bonds of cellulose with 

lignin. 5% NaOCl and 2% H2O2 were used to whiten the 

pulp (Wahyusi et al., 2017). The cellulose formed was 

characterized by FTIR. The cellulose spectra are 

presented in Figure 1.  
 

Based on Fig 1. shows the hydroxy group (-OH) 

at the absorption peak of 3357 cm-1. The C-O acetyl 

bond group is seen at wave numbers 1020 cm-1 – 1320 

cm-1 (Analda S. & Latupeirissa, 2018). C-H vibration 

(sp3) at wave number 2910 cm-1. The absorption peaks 

of 1509 cm-1 and 1647 cm-1 indicated the presence of a 

C=C bond (Lindu et al., 2010). Glycoside bonds are seen 

at a wavelength of 890 cm-1 (Analda S. & Latupeirissa, 

2018). FTIR spectral data yielded OH, C-O, C-H, and C-

O glycosidic bond functional groups from the cellulose 

ring. So it can be concluded that cellulose has been 

successfully obtained. The yield of bagasse cellulose can 

be seen in Figure 3. (a). 

 
Polypropylene Preparation 

Polypropylene is produced from the plastic 
waste extraction process. Plastic waste is washed to 
remove dirt stuck to the plastic. Plastic waste is cut 
into small pieces to facilitate dissolving. The plastic 
pieces were put into a round bottom flask and added 
with xylan (1:5) to dissolve the polypropylene. Reflux 
at 130oC for 2 hours until the plastic pieces dissolve. 
The plastic that has been refluxed is added with 
methanol to precipitate the polypropylene. The 
precipitate is separated with the solvent and dried 
(Hidayani et al., 2015). The solids formed were 
crushed and characterized by FTIR. 
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Based on Fig.2 shows the alkane group (C-H) at 
a wavelength of 2873 cm-1 – 2958 cm-1. The 
methylene group (-CH2) is seen at the absorption 
peak of 1446 cm-1. The absorption peak of 1382 cm-
1 shows the characteristics of the methyl group (-
CH3). The -CH bond of the alkene is seen at the 
absorption peak of 999 cm-1. The FTIR spectra 
yielded an alkane functional group (C-H), methylene 
(-CH2), and a metal functional group (-CH3) it can be 
concluded that polypropylene has been obtained. The 
results of polypropylene can be seen in Figure 3. (b). 

  

Fourier Transform Infra Red (FTIR) Geopolymer 

Geopolymers characterized by FTIR (G-CO), (G-

S06), and (G-PP04). This geopolymer is the best yielding 

compressive strength of each variation. The results of the 

FTIR geopolymer characterization are presented in Fig.4. 

Based on Fig 4. there are 3 types of geopolymers 

characterized, namely G-CO in black, G-S06 in red, and 

G-PP04 in blue. The absorption peak at a wavelength of 

3400 cm-1 shows the OH stretching vibration. There is a 

bending vibration of HOH at the absorption peak of 1660 

cm-1. O-C-O stretching vibrations are seen at the 

absorption peak of 1430 cm-1 (Gharzouni et al., 2016). 

There is stretching asymmetry and symmetry (Si-O-Si 

and Si-O-Al) at the absorption peaks of 1000 cm-1 and 

699 cm-1. indicates that the resulting geopolymer 

solidifies (Bakharev, 2005). From the resulting FTIR 

spectral data, it shows that the synthesized geopolymer 

has the same spectral pattern. It can be concluded that 

from the results of the FTIR spectra a good geopolymer 

structure has been formed. However, the characteristic 

absorption peaks of cellulose and polypropylene did not 

appear because the concentration of cellulose and 

polypropylene in the geopolymer was relatively small 

(Chen et al., 2018).  

 

X-Ray Diffraction (XRD) Geopolymer 

Geopolymer testing with XRD (X-Ray 

Diffraction) aims to determine the results of the 

geopolymerization reaction which is implemented 

through the crystallinity of XRD results. XRD 

characterization looks at compounds that are amorphous 

or crystalline. The following is the result of geopolymer 

characterization using XRD which can be seen in Fig.5. 

Based on the diffractogram in Fig 5. The three 

samples produced almost the same diffractogram. There 

is a quartz phase at an angle of 34.904⁰ for G-CO, 35.004⁰ 

for G-S06, and 35.741⁰ for GPP04 (Wang et al., 2020). 

According to Purbasari in 2018, the quartz phase came 

from a geopolymer matrix. There is a sodium alumina 

silica hydrate phase (N-A-S-H) at angles of 14⁰, 21⁰, 24⁰, 

(b) (a) 
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26⁰ (Mohseni, 2018). According to Elyamany in 2018, 

sodium alumina silica hydrate (N-A-S-H) showed that 

there was a reaction between the activator and the 

geopolymer constituents, namely alumina (Al2¬O3) and 

silica (SiO2). N-A-S-H is formed from a high 

concentration of activator so that there is excess NaOH 

in the geopolymer. These results prove that the 

geopolymerization process is running well (Mohseni, 

2018). However, the XRD characterization results 

showed that the characteristic phases of cellulose and 

polypropylene did not appear. This is due to the relatively 

small concentrations of cellulose and polypropylene in 

the geopolymer (Chen et al., 2018). 

The addition of cellulose and polypropylene 

resulted in differences in the particle size of the 

geopolymerization. The particle size of the geopolymer 

is presented in Table 2. The addition of cellulose and 

polypropylene resulted in a larger particle size than 

without the addition of cellulose or polypropylene. The 

particle size of the geopolymer with cellulose addition 

was 22.2341 nm, while the addition of polypropylene 

resulted in a geopolymer particle size of 17.6702 nm. 

According to Xiong, in 2019, the larger the 

geopolymerization reaction particles resulted in the 

greater the compressive strength of the geopolymer. The 

particle size reflects the content of the amorphous phase 

of the mineral (Xiong et al., 2019). 

 

Table 2. 

Particle Size G-CO, GS06, and G-PP04 from XRD 

Diffractogram (X-Ray Diffraction) 

Geopolymer Average Particle Size 
(nm) 

G-CO 12,6333 
G-S06 22,2341 

G-PP04 17,6702 

 

Geopolymer Compressive Strength 

The purpose of this test was to determine the 

effect of increasing the concentration of cellulose and 

polypropylene on the compressive strength of the 

geopolymer. According to Rahmawati, in 2021 the 

addition of cellulose results in the formation of a good 

network between cellulose with a geopolymer matrix and 

cellulose can withstand cracks so that the compressive 

strength of the geopolymer becomes better. 

The addition of polypropylene in the geopolymer 

results in an increase in the deformation and contraction 

performance in the geopolymer. This results in an 

increase in the compressive strength of the geopolymer 

(Baykara et al., 2020). It should be remembered that the 

addition of polypropylene in high concentrations of 

geopolymer is also not good because of the hydrophobic 

nature of polypropylene, which interferes with the drying 

process of the geopolymer (Baykara et al., 2020). The 

compressive strength results are presented in Figure 6. 

The effect of the addition of polypropylene on the 

compressive strength of the geopolymer can be seen in 

Figure 6. The maximum compressive strength of the 

addition of 0.4% polypropylene into the geopolymer is 

6.49 Pa. At this concentration polypropylene provides 

higher structural stability (Baykara et al., 2020). The 

compressive strength of the geopolymer with 0.6% 

polypropylene experienced a decrease in compressive 

strength due to the inhomogeneous polypropylene with 

the geopolymer matrix. The lower the ability of 

polypropylene to bind to the geopolymer matrix, the 

lower the compressive strength of the geopolymer 

(Baykara et al., 2020). According to Al-mashhadani in 

2018, the addition of polypropylene with a high 

concentration resulted in a low density so that it had 

weaker characteristics. This causes G-PP06 to experience 

a decrease in compressive strength. According to 

Ranjbar, in 2016 the decrease in the compressive strength 

of G-PP06 was caused by the low density of the 

geopolymer. In addition, polypropylene has hydrophobic 

properties, it can be seen in Figure 4.2 that the results of 

the FTIR spectra of polypropylene do not have an OH- 

group. So that polypropylene has the potential to repel 

water which results in a weak bond between 
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polypropylene and its geopolymer matrix (Ranjbar et al., 

2016).   
The effect of cellulose on the compressive 

strength of the geopolymer is presented in Figure 6. The 

maximum compressive strength of cellulose is found in 

the addition of 0.6% concentration to the geopolymer of 

10.03 Pa. The higher the cellulose content in the 

geopolymer, the greater the compressive strength of the 

geopolymer. This is because cellulose has the property of 

resisting cracks in the geopolymer. According to Ye, in 

2018 the increase in the cellulose content resulted in a 

denser geopolymer structure because cellulose could 

cover the geopolymer pores without added material so 

that the geopolymer pores were less. 

The difference in the compressive strength of 

cellulose geopolymer with polypropylene geopolymer is 

caused by different material properties. Cellulose in the 

geopolymer can spread to all surfaces of the geopolymer. 

So that the surface of the geopolymer is getting denser 

(C. Rahmawati et al., 2021). The geopolymer pores can 

be closed because they are filled with cellulose, resulting 

in a significant increase in compressive strength (Ye et 

al., 2018). The difference between cellulose and 

polypropylene geopolymers can be seen in Figure 4.8 

showing that the G-PP04 diffractogram produces less 

alumina silica hydrate (N-A-S-H) phase than the G-S06 

diffractogram. This affects the compressive strength of 

the geopolymer (Baykara et al., 2020). In addition, G-S06 

produces a larger geopolymer particle size than G-PP04 

particle size. The particle size reflects the content of the 

amorphous phase of the mineral. The larger the particle 

size produced, the greater the amorphous silica phase 

which results in the greater the compressive strength of 

G-S06 (Xiong et al., 2019). 

CONCLUSION 
Based on the results of this study, it can be 

concluded in several ways, including: 

1. The geopolymer synthesized from fly ash, NaOH 
and added with cellulose and polypropylene 
showed geopolymer characteristics in the form 
of absorption bands at the asymmetric and 
symmetrical stretching vibration peaks (Si-O-Si 
and Si-O-Al) at wavelengths of 1001 cm-1 and 
699 cm-1. The synthesized geopolymer showed 
the formation of sodium alumina silica hydrate 
(N-A-S-H) at angles of 14⁰, 21⁰, 24⁰, 26⁰. The 
particle size of G-SO6 is larger than that of G-
PP04. The particle size of G-S06 is 22.2341 nm, 
while the particle size of G-PP04 is 17.6702 nm. 

2. The addition of cellulose fiber in the geopolymer 
can increase the compressive strength value. 
The highest compressive strength was at 0.6% 
cellulose concentration of 10.03 Pa. Meanwhile, 
the addition of polypropylene in geopolymer has 
the highest compressive strength at the addition 
of 0.4% polypropylene at 6.49 Pa and 
experienced a decrease in compressive strength 
at a concentration of 0.6% with a compressive 
strength value of 2.25 Pa. 
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ABSTRACT 

The area of the triangle has generally been studied by students since the elementary education level so that at the high 

school level, students are no longer unfamiliar with the material. At the high school level, the triangular material was 

developed again into a higher-level material, namely trigonometry material. The area of a triangle can also be 

calculated using trigonometry, which is by multiplying the two sides that build one of the corners of the triangle by its 

sine value.  By using the triangle area formula and the trigonometric rule, it can be assumed that students at the upper 

secondary education level are able to calculate the area of irregular polygons which can divide the polygons over 

several triangles first and then add up the area of each sector of the triangles as a whole. The basis for the reference of 

writing this paper is inspired by the calculation of land area which is presumably in the form of an irregular polygon. 

For this reason, the purpose of writing this paper is to convey the idea of introducing the application of vector matrices 

with simple computation using various features in Excel to students at the upper middle level. 

 

Keywords: Computation; Finite Element Method; Irregular Polygons; Matrix. 

 

1. INTRODUCTION 

Area measurement is a measurement that is often 

done in the work before design planning is carried out, 

because calculations and area information are one of the 

information needed to design planning from the results 

of measurements in the field. This area measurement is 

used for various purposes, both in the field of 

construction and in the field of land law, changes in the 

legal status of land, land tax and so on. Measurement of 

a not large area, can be done using stakes and meters. 

Meanwhile, measuring the area on a wide scale requires 

equipment that can cover this distance. 

In addition to the use of the right tools, the choice of 

measurement method also affects the accuracy of the 

measurement results. In the science of measuring 

regions one of the methods that can be used is through 

the method of measuring polygons. Points on the earth's 

surface called coordinate points are connected in a 

series of straight lines. Through the measurement of 

polygon the coordinates of the measured angle and the 

horizontal position of many points can be determined. 

The azimuth angle, the connective height point, etc. are 

things to note in polygon measurements. This is 

intended to reduce errors during data processing so that 

the right measurement area is obtained. 

A polygon is a flat construct consisting of straight 

lines that combine to form a closed chain or circuit. 

Polygons are also a special material on flat builds for 

the upper secondary education level. With this, a 

polygon is a unique object that will be discussed in this 

paper. The correlation of writing this paper with 

polygons, which is inspired by common problems that 

occur in society (regarding the calculation of land and 

building area). 

2. RESEARCH METHODOLOGY 

The research methodology in this study, namely a 

qualitative research methodology using an approach or 

type of exploration method with the aim of finding new 

or applied science that is able to solve new and general 

problems in the field of education. 

3. LITERATURE REVIEW 

3. 1  Matrix 

A matrix is an arrangement of numbers that are 

rectangular in shape. All numbers that are inside the 

matrix are called matrix entries. Matrices have a matrix 

size, namely   the number of matrix rows, namely   and 

the number of matrix columns, which are annotated 
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    with     is positive integers. If   is a matrix of size 

   , then the matrix   can be annotated to    . 

    (   )  , meaning that the sized matrix     

with entries of   is    . 

 

Figure 1 Matrix     

3. 1. 1 Row and Column Matrix 

A column matrix is a matrix that has only 1 column 

or has a matrix size    . 

 

Figure 2 Matrix     

A row matrix is a matrix that has only 1 row or has a 

matrix size    . 

 

Figure 3 Matrix     

3. 1. 2 Transpose Matriks 

If   is any matrix of size    , then the transpose of 

the matrix   is annotated by    and being defined as a 

matrix of the size     that obtained by exchanging 

rows and columns  . 

(  )       

3. 1. 3 Matrix Addition and Subtraction 

Operations 

If any matrix     and     also they have the same 

size, then, 

(   )                   

And 

(   )                   

 

3. 1. 4 Matrix Multiplication Operations 

If any matrix   is by size     and   by size    , 

then the multiplication of the matrix   and  by 

annotated with    and the sized one    . 

(  )           

(  )                                   

3. 2  Vector 

A vector is a quantity that can be measured and has 

a direction. Vectors are commonly referred to as row 

matrices that are the size of    .  Vector notation is 

 ⃗  (             ) or   (             ). 

3. 2. 1 N-Dimensional Space 

If   is a positive integer, then the pair of sequential 

numbers is a row of real numbers  (             ). 
The set of all pairs of sequential numbers is called n-

dimensional (  ). 

3. 2. 2 2-Dimensional Space Vector 

A field vector (  )  can be written as a pair of 

sequential number (   ). The number  and  is a scalar 

component. 

 ⃗⃗  (     ) 

 ⃗  (     ) 

3. 2. 3 Position Vector 

Suppose a vector   ⃗⃗⃗⃗ ⃗⃗  and vector   ⃗⃗ ⃗⃗ ⃗⃗  has the same 

base point that  (   ) . Point is   (     ) and   is 

(     ). Hence the position vector   relative to   the 

annotated vector   ⃗⃗⃗⃗ ⃗⃗  is   ⃗⃗⃗⃗ ⃗⃗  (           ). 

 

Figure 4. Position Vector 

3. 2. 4 Vector Length/Magnitude 

If  ⃗⃗⃗  (             ) is a vector in   , then the 

vector length  ⃗⃗⃗  or large magnitude vector  ⃗⃗⃗  which is 

annotated with    ⃗⃗⃗   defined as 

|   |  √  
    

    
      

  

3. 2. 5 Distance Between Vectors 

If  ⃗⃗⃗  (            ) and  ⃗⃗⃗  (             ) 
are vectors in   , then the distance between vector  ⃗⃗⃗ 

and vector  ⃗⃗⃗ which is annotated with  (   ) defined as 
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 (   )  |     |

 √(     )
  (     )

    (     )
  

3. 2. 6 Dot Product 

If  ⃗⃗⃗ dan  ⃗⃗⃗ is not vector 0 in    and teta is the angle 

between  ⃗⃗⃗  dan  ⃗⃗⃗ , then the dot product of  ⃗⃗⃗  and  ⃗⃗⃗ 

annotated  ⃗⃗⃗  ⃗⃗⃗ is 

 ⃗⃗⃗  ⃗⃗⃗  |  ⃗⃗⃗ ||  ⃗⃗⃗ |      

With       

If  ⃗⃗⃗  (            ) and  ⃗⃗⃗  (             ) 
is vectors in   , then the dot product of  ⃗⃗⃗  and  ⃗⃗⃗ 

annotated  ⃗⃗⃗  ⃗⃗⃗ is 

 ⃗⃗⃗  ⃗⃗⃗                        

3. 3  Polygon 

A polygon is a flat construct consisting of straight 

lines that combine to form a closed chain or circuit. 

 

Figure 5 Polygon 

Polygons are classified by the number of sides. 

Polygons can be characterized by their convexity or 

type of non-convexity: 

a. Convex: any line drawn through a polygon (and 

does not intersect with edges or angles) meets its 

borders exactly twice. As a result, all corners of its 

interior are less than 180°. Equivalently, each 

segment of the line with end points on the boundary 

passes only through interior points between its end 

points. 

b. Non-convex: a line can be found that meets its limits 

more than twice. Equivalently, there is a line 

between two boundary points that pass through the 

polygon. 

c. Simple: the boundary of a polygon does not 

intersect itself. All polygons are simple convex. 

d. Concave: Not convex and simple. There is at least 

one interior corner larger than 180°. 

e. Star-shaped: the overall interior is visible from at 

least one point, without passing any edges. Polygons 

should be simple, and may be convex or concave. 

All convex polygons are star-shaped. 

f. Irregular: the polygon boundary is irregular. The 

term complex is sometimes used differently to 

simple, but this use risks causing confusion with the 

idea  of a complex polygon as one that exists in the 

plane of the Hilbert complex  consisting of two 

complexes. 

g. Star polygons: irregular polygons on a regular basis. 

Polygons cannot be star-shaped and star-shaped. 

3. 4  Triangle 

A triangle is a flat construct formed from three non-

cholinear points. The elements possessed by the 

triangle, namely three sides and three corners. Based on 

the magnitude of the angle and the length of the sides, 

triangles can be grouped into three types, namely 

equilateral triangles, isosceles triangles, and arbitrary 

triangles. Equilateral triangles have equally long sides 

and large equal angles. The magnitude of the three 

angles on an equilateral triangle is    . The isosceles 

triangle has an equal pair of sides of the length, and the 

angles of the legs are equally large. While any triangle 

has different side lengths and angles. 

Based on the magnitude of the angle, triangles can 

also be grouped into three types, namely right triangles, 

pointed triangles, and blunt triangles. A right triangle is 

a triangle that has a right angle. A taper triangle is a 

triangle whose three angles are pointed with a taper 

angle magnitude of less than    . While a blunt triangle 

is a triangle in which one of the corners is obtuse with a 

magnitude of obtuse angle of more than    . Regardless 

of type, the sum of the three angles on a triangle is 

    . 

 

Figure 6 Types of Triangles 

3. 4. 1 Triangular Area Reviewed From The 

Decrease In Rectangular Area 

Nowadays, it has become commonplace in 

determining formulas and calculating the area of 

triangles obtained from rectangular area formulas. By 

dividing the rectangle by its diagonal line into two 

congruent triangles as shown in Figure 7. 
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Figure 7 Rectangle ABCD 

Unlike the case with Figure 8 which constructs an 

arbitrary triangle from an ABFE rectangle. 

 

Figure 8 Any Triangle ABC 

In Figure 8 above, several conditions are obtained, 

namely 

a. ABC flat build is an arbitrary pointed triangle where 

the entire size of the angle is in the range(  
 

 
) 

where the CD line is the height of the triangle ABC. 

b. By constructing two lines perpendicular to AB 

which can be called the AE and BF lines, an EF line 

is formed perpendicular to the CD line (the height of 

the triangle ABC). So much so that an ABFE flat 

wake which is a rectangle with its area can be 

obtained from the summing of the area of the ADCE 

rectangle and the DBFC rectangle. 

c. By constructing the AC line on the ADCE rectangle 

which is called the diagonal of the ADCE rectangle 

and the BC line on the DBFC rectangle which is 

also called the diagonal of the DBFC rectangle so 

that the area of the ADC triangle and the DBC 

triangle is obtained, namely 

Large      
 

 
            

 

 
   ̅̅ ̅̅    ̅̅ ̅̅  

And 

Large      
 

 
            

 

 
   ̅̅ ̅̅    ̅̅ ̅̅  

Because it is known that the triangle ABC consists 

of two triangles, namely the ADC triangle and the DBC 

triangle so that by utilizing the formulation of the two 

triangle areas, the area of the triangle ABC will be 

shown, namely 

                                    

          

 (
 

 
   ̅̅ ̅̅    ̅̅ ̅̅ )

 (
 

 
   ̅̅ ̅̅    ̅̅ ̅̅ ) 

           
 

 
 (  ̅̅ ̅̅    ̅̅ ̅̅ )    ̅̅ ̅̅  

           
 

 
   ̅̅ ̅̅    ̅̅ ̅̅  

           
 

 
                  

Thus, it has been proved that the area of a triangle 

is half the multiplication of the base and its height. 

3. 4. 2 Triangular Area Reviewed From 

Trigonometric Declines 

In general, the area of a triangle can be obtained by 

multiplying the separus of the base and the height of the 

triangle. However, there is another way to determine 

formulas or calculate the area of triangles, namely by 

using trigonometric rule formulas. Based on Figure 8, 

obtained 
  

  
                . This shows 

that            
 

 
   ̅̅ ̅̅    ̅̅ ̅̅      . It is 

equivalent to            
 

 
   ̅̅ ̅̅    ̅̅ ̅̅       and 

           
 

 
   ̅̅ ̅̅    ̅̅ ̅̅      . 

It is thus proved that the area of a triangle can also 

be determined from the half multiplication of 2 sides of 

the triangle with the sine value of the angle formed from 

the 2 sides of the triangle. 

3. 4. 3 Area of a Blunt Triangle 

A blunt triangle is a triangle whose one angle is 

obtuse or is in the range (    
 

 
) . By utilizing the 

information from the proven proof of the area of a 

triangle, we can formulate the area of a blunt triangle. 

 

Figure 9 Blunt Triangle 

In Figure 9, the following information is obtained: 

a. The DBC triangle has an obtuse angle, that is, an 

angle B. 

b. By constructing a non-cholinear A point with the 

BD line so that an AC line is obtained that is 

adjacent to BC. As a result, the length of   ̅̅ ̅̅    ̅̅ ̅̅ . 

c. Then the construction of an AD line perpendicular 

to the AC line. 
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d. From some of the above constructions and also 

confirmed in Figure 3, it can be seen that 

           is the summation of            

and            so that 

                                 

          

 (
 

 
   ̅̅ ̅̅    ̅̅ ̅̅ )

 (
 

 
   ̅̅ ̅̅    ̅̅ ̅̅ ) 

           
 

 
   ̅̅ ̅̅  (  ̅̅ ̅̅    ̅̅ ̅̅ ) 

           
 

 
   ̅̅ ̅̅    ̅̅ ̅̅  

It is thus proved that if the line BC is the base of a 

blunt triangle and the height of the DA is outside the 

triangle, then its area remains half of the multiplication 

of the base and height. 

If reviewed according to trigonometric rules so that 

the following information is obtained: 

a. Suppose        . 

b. Consequently,            so that it is 

obtained             with      
         . 

c. For it is obtained,  

           
 

 
   ̅̅ ̅̅    ̅̅ ̅̅

 
 

 
   ̅̅ ̅̅    ̅̅ ̅̅

    (      ) 

           
 

 
   ̅̅ ̅̅    ̅̅ ̅̅          

It is thus proved that although it is a blunt triangle, the 

area of the blunt triangle is also half the result of the 

multiplication of the obtuse angle-forming sides and the 

value of the obtuse angle sine. 

3. 5  Scalar Multiplication (Dot) of Two  

Vectors 

3. 5. 1 Position Vector 

On the plane of Cartesian coordinates (  ), if    

is a vector with a base point    coordinated (   ) and 

point  (     ) is the end point or directional point of a 

vector, then it can be said to be a vector component    

is (     ). Same thing if the point  (     ) is also a 

vector waypoint, hence the vector component    is 

(     ). Take a look at Figure 10 below: 

 

Figure 10 Vector R2 in Cartesian Field 

By summing vectors    and   , obtained vector 

  . It is equivalent to   ⃗⃗⃗⃗ ⃗⃗    ⃗⃗ ⃗⃗ ⃗⃗    ⃗⃗ ⃗⃗ ⃗⃗  (     )  
(     )  (           ). 

In this case, vector    referred to as the position 

vector of point B relative to point A. Based on the 

Pythagorean Postulate, it is necessary to consider that 

based on Figure 10, the length of each vector is 

determined as follows: 

Suppose the length of a vector   ,   , and   , each is 

written as:   ⃗⃗⃗⃗ ⃗⃗ ,   ⃗⃗ ⃗⃗ ⃗⃗  and   ⃗⃗⃗⃗ ⃗⃗  so that it is obtained 

  ⃗⃗⃗⃗ ⃗⃗   √(  
    

 )  ;   ⃗⃗ ⃗⃗ ⃗⃗   √(  
    

 )  ; and   ⃗⃗⃗⃗ ⃗⃗  

 √(     )
  (     )

 . 

3. 5. 2 Scalar Multiplication of Two Vectors 

(Dot Product) 

The multiplication of 2 vector pieces can produce 

scalars. To illustrate this, here is the description based 

on Figure 10, which is as follows: 

Suppose that        . 

In accordance with the rules of cosine on a 

triangular flat wake, it applies: 

|  ⃗⃗⃗⃗ ⃗⃗ |
 
 |  ⃗⃗ ⃗⃗ ⃗⃗ |

 
 |  ⃗⃗ ⃗⃗ ⃗⃗ |

 
   |  ⃗⃗ ⃗⃗ ⃗⃗ |  |  ⃗⃗ ⃗⃗ ⃗⃗ |

      

(     )
  (     )

 

   
    

    
    

    |  ⃗⃗ ⃗⃗ ⃗⃗ |

 |  ⃗⃗ ⃗⃗ ⃗⃗ |       

  
    

          
    

       
   

    
    

    
    |  ⃗⃗ ⃗⃗ ⃗⃗ |

 |  ⃗⃗ ⃗⃗ ⃗⃗ |       

                |  ⃗⃗ ⃗⃗ ⃗⃗ |  |  ⃗⃗ ⃗⃗ ⃗⃗ |       

  (         )     |  ⃗⃗ ⃗⃗ ⃗⃗ |  |  ⃗⃗ ⃗⃗ ⃗⃗ |       

Next, multiplying both fields by ( 
 

 
) so that it is 

obtained 

          |  ⃗⃗ ⃗⃗ ⃗⃗ |  |  ⃗⃗ ⃗⃗ ⃗⃗ |       

ISSN 2985-5721

Proceeding of International Conference of Education, Sciences, Technology, Engineering, & Mathematics



  

158 

 

As a result, obtained the form of summation of the 

multiplication of abscissas and the ordinate of both 

vectors    and    that is          . This is what is 

referred to as the scalar multiplication of two vectors so 

that    (  ⃗⃗ ⃗⃗ ⃗⃗    ⃗⃗ ⃗⃗ ⃗⃗ )            |  ⃗⃗ ⃗⃗ ⃗⃗ |  |  ⃗⃗ ⃗⃗ ⃗⃗ |  

    . 

3. 6  Vector and Flat Plane Area Calculation 

3. 6. 1 Triangular Plane Formed From Two 

Vectors R2 

Take a look at Figure 11 below: 

 

Figure 11 Triangle Formed Field 2 Vector R2 

By utilizing the concept of determining the area of 

a triangle and the principle of trigonometry that has 

been discussed, so that we are able to take advantage of 

the area of the triangle in Figure 11 above. 

 

Suppose that the area of a triangle in figure 11 is 

formed by vectors   ,   , and    is   with   
 

 
 

|  ⃗⃗ ⃗⃗ ⃗⃗ |  |  ⃗⃗ ⃗⃗ ⃗⃗ |      . To manipulate values      , can 

utilize trigonometric formulas (    )  (    )    

so that it is obtained      √(  (    ) ). In this 

case, value      used only those that are of positive 

value because         (      )  where to 

         so that the value of        and 

   (      )   . 

Consequently, the value of      own can be 

obtained from the equation (  ⃗⃗ ⃗⃗ ⃗⃗    ⃗⃗ ⃗⃗ ⃗⃗ )       

     |  ⃗⃗ ⃗⃗ ⃗⃗ |  |  ⃗⃗ ⃗⃗ ⃗⃗ |       which is equivalent to 

     
(  ⃗⃗⃗⃗⃗⃗⃗   ⃗⃗⃗⃗⃗⃗⃗)

|  ⃗⃗⃗⃗⃗⃗⃗| |  ⃗⃗⃗⃗⃗⃗⃗|
. 

3. 6. 2 Finite Element Method at a Glance 

The finite element method is a numerical procedure 

for calculating the magnitude of an object that cannot be 

met by analytical calculations in general. 

In the presentation of this paper, the method of 

elements until interpreted by dividing an object of flat 

plane area in the form of an irregular polygon into 

several triangles and then integrating the entire area of 

the triangular element so that the total area of the object 

is obtained. 

The steps performed in the finite element method in 

determining the area of the plane of an irregular 

polygon, are as follows: 

a. Determine the central point of the base of the 

polygon-dividing vectors into several triangles. 

b. Determine the vector that builds a triangular element 

(position vector) provided that the entire vector is 

inside the polygon and becomes one of its sides so 

that an angle is obtained between the vectors that 

divide the polygon (convex) and all vectors next to 

each other according to the clockwise or 

counterclockwise direction but still comply with the 

provisions of the convex. 

c. Specify the value of the dot product and the length 

of the triangular forming vectors to get the value of 

the angle cosine between the two vector builders of 

the triangle. 

d. Using the trigonometric identity, determine the 

value of the sine of the angle formed from the two 

triangular-forming vectors. 

e. Calculate the area of the elements of a triangle using 

the principle of the area of a triangle constructed by 

two vectors. 

f. Sum the area of the entire element of the triangle so 

that the total area of the polygon will be obtained. 

3. 6. 3 The Use of Matrices In Vector Operation 

If it is translated into the form of a matrix, then the 

steps in determining the area of the polygon as before 

can be rewritten as follows: 

a. A matrix containing all the base points and plane 

points of a polygon of order     , suppose the 

matrix is a matrix  . PNote that for entries on the 

first line it must contain the base point of the 

position vector and be defined   is the number of 

points on a polygon. 

 

Figure 12 Vector Dots Illustration 

b. Compose new matrices adopted from matrices of 

order      by omitting the first row so that it 

becomes a matrix of order (   )   . 
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Suppose the matrix is   . 

 

Figure 13 Matrix Construction 

c. Matrix   subtracted with a matrix    that is, the 

matrix containing all the base points (     ) so that 

a new matrix is obtained whose each row is a 

position vector based at the point (     ). 

 

Figure 14 Position Vector Matrix 

d. Matrix   is a matrix containing all position vectors 

based on points (     ) . Suppose each row on a 

matrix   annotated with a vector. 

 

Figure 15 Dot Product Matrix Illustration 

e. Perform a calculation of the multiplication of the 

points of each contiguous position vector. Note that 

to perform a point multiplier, the multiplier position 

vector must be exposed to meet the matrix 

multiplication conditions. Obtained the result of the 

point multiplication, namely         vector point 

multiplier     and vektor      . A matrix form 

containing the multiplication of dots, for example  . 

 

Figure 16 Dot Product Calculation 

 

Figure 17 Dot Product 

f. Specify the length of each position vector and form 

a new matrix containing the length of each position 

vector, suppose the matrix is   . 

 

Figure 18 Position Vector Length 

g. Determine the cosine value of the angle between 

each contiguous position vector i.e. the value of the 

comparison of the product of the point of the 

position vector with the result of the multiplication 

of the length of the contiguous position vector. 

Suppose that   is the matrix that all entries are 

  which is the cosine value of the contiguous 

position vector. 

 

Figure 19 Cosine Value 

h. Change all values   becomes a sin value by using a 

trigonometric identity and compiling the result of 

the sin value into a matrix  . 

 

Figure 20 Sine Value 

i. Calculate the area of each triangle by using the sine 

rule. Note that the length of the vector used, comes 

from the contiguous vector. And arrange it into a 

matrix form containing the area of each triangle, for 

example, the matrix is a matrix  . 
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Figure 21 Area of Each Triangle 

j. Matrix   exposed and multiplied by a column 

matrix that all entries are so that the area of the 

polygon is 1 obtained. 

 

Figure 22 Area of Polygon 

 

4. RESULTS AND DISCUSSION 

4. 1 Examples of Polygon Area With Finite 

Element Method 

Determine the area of the polygon in Figure 23 

below by using the finite element method. 

 

Figure 23 Polygon ABCDE 

By utilizing simple algebraic calculations, a square 

flat construct can be used (which is outside the irregular 

polygon so that a formulation can be formed to 

determine the area of the irregular polygon, i.e.   

Polygon Area       = Square Area         
            

With, 

   
(   )

 
     

   
 

 
       

   
 

 
        

   
 

 
       

   
(   )

 
     

So that an irregular polygon area is obtained, namely 

luas Polygon       =               
  . 

The steps in determining the irregular polygon area 

using the finite element method, which are as follows: 

a. Matrix   where the first line entry is the base point 

  which will be used as the base of the position 

vector. 

 

Figure 24 Matrix A 

b. Matrix B is a matrix adopted from matrix A by 

omitting the first row. 

 

Figure 25 Matrix B 

c. Matrix   subtracted with a matrix   that is, the 

matrix containing all the base points   (     ). 
Obtained matrix   which contains a position vector 

on each row. 

 

Figure 26 Matrix P 

d. Notifies the position vector on each row of the 

matrix  . 

 

Figure 27 Position Vector 

e. Calculate the multiplication of the points of all 

adjacent position vectors. The value of the resulting 

point is formed into a matrix  . 
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Figure 28 The Multiplication of The Points of All 

Adjacent Position Vectors. 

 

Figure 29 Matrix D 

f. Calculate the length of each position vector and 

matrix shape   which contains all the lengths of the 

position vector. 

 

Figure 30 Matrix L 

g. Calculate the cosine value of the angle between 

position vectors by determining the comparison 

between the multiplication of points and the result 

of multiplication of the length of contiguous 

vectors. Column matrix shape    which contains all 

its cosine values. 

 

Figure 31 Matrix R 

h. Calculate the sine value by using trigonometric 

identities and then form a matrix   which contains 

all its sine values. 

 

Figure 32 Matrix S 

i. Calculate each area of a triangle using the sine rule 

and a matrix shape containing all the areas of a 

triangle, for example a matrix  . 

 

Figure 33 Matrix E 

j. Calculate the area of a polygon by calculating the 

multiplication of the transpose matrix   with a 

column matrix whose entries are all entries   so 

that it is obtained 18 units of area. 

 

Figure 34 The Area of Polygon 

It is proved that by calculating the area of a polygon 

by using the field area formula and the element method 

to the point of producing the same area value. 

4. 2 Example of a Polygon Wide Application 

With Excel Computing 

Furthermore, still with the same example in The 

figure will be carried out computation of the area of 

irregular polygons by utilizing the features in Excel. As 

for the steps of computation of the area of a polygon 

using Excel, which are as follows: 

a. Matrix   where the first line entry is the base point 

  which will be used as the base of the position 

vector. 

 

Figure 35 Arrange The Coordinates 

b. Matrix   which contains all polygon points without 

a base point subtracted (excel "-" operation) with a 

matrix   which contains all the base points so that 

the matrix is obtained   which contains all position 

vectors. 

 

Figure 36 Matrix P 

 

Figure 37 Matrix P 
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c. Calculated the value of the dot product of a position 

vector with the exact position vector 1 sequence 

before. 

The multiplication of the point between a vector 

(row matrix) and the transpose of the vector 1 of the 

previous sequence. 

 

Figure 38 Matrix D 

d. Calculates the length of each position vector. 

Through vector length formulas or 

=SQRT(B11^2+C11^2) 

through the square root of the multiplication of 

points between self-vectors  

=SQRT(MMULT(B11:C11,TRANSPOSE(B11:C1

1))) 

 

Figure 39 Matrix L 

e. Calculates the cosine value by comparison of the 

multiplication of the multiplication of the length 

between the contiguous position vectors 

=F11/(I11*I12). 

Then find the sine value of the angle among all the 

contiguous position vectors by using trigonometric 

identities. 

=SQRT(1-F17^2) 

 

Figure 40 Matrix R and Matrix S 

f. Calculate the area of each triangle by using the sine 

rule. 

=1/2*I11*I12*I17 

 

Figure 41 Matrix E 

g. The calculation of the total area is equal to the area 

of the polygon. 

Using the multiplication of points between a 

triangular area transpose matrix with a column 

matrix for which all entries are 1. 

=MMULT(TRANSPOSE(L17:L19),N17:N19) 

Obtained the same result as the manual count, 

which is 18 units of area. 

 

Figure 42 The Area of Polygon 

 

5. CONCLUSION AND RECOMENDATION 

By using the triangle area formula and the 

trigonometric rule, it can calculate the area of an 

irregular polygon which can divide the polygon over 

several triangles first and then add up the area of each 

sector of the triangles as a whole. 
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ABSTRACT 

This research is a type of research and development (R&D) using 4D development model (Define, Design, Develop, 

and Disseminate). This study aims to determine the validity, practicality, and effectiveness of the scrapbook media 

used to improve students' understanding of mathematical concepts in the material for building flat sides. The research 

flow consists of needs and student analysis, design, manufacture, validation, revision, testing, teacher and student 

responses for class VIII SMP Hasanuddin 2 Semarang. Data collection techniques used are observation, interviews, 

questionnaires, and tests. The validity of the media can be seen from the results of the validation by material and 

media expert validators, then the practicality can be seen from the results of the responses of teachers and students, 

and the effectiveness can be seen from the results of the pretest and posttest. Based on the results of data analysis, it 

was concluded that the developed media had sufficient to very valid criteria. The results of the responses of teachers 

and students also stated that the media was practical to use. Scrapbook has also been proven to improve students' 

understanding of mathematical concepts, so it can be concluded that the media is effective for use in learning 

activities. 

 

Keywords: Concept understanding ability; Flat side space building material; Scrapbook media. 

 

 

1. INTRODUCTION 

Education is one of the most important rights that 

everyone should have. Good education can create 

human resources who have high competence in 

responding to an era full of challenges and competition. 

One of the lessons that has an important role in 

everyday life and to develop students' abilities in 

science and technology that are in line to facilitate them 

in facing future life is Mathematics [1]. In general, 

Mathematics is considered a difficult subject to 

understand, because Mathematics is a subject that 

requires concentration of thought to remember and 

recognize the material being studied so that students 

must be able to master the concepts. The success of 

mastering the initial concepts of mathematics in students 

opens the way in the delivery of mathematical concepts 

in the next material. One of the objectives of learning 

mathematics in secondary education in Permendiknas 

RI No. 22 of 2016 is for students to understand 

mathematical concepts, explain the interrelationships 

between concepts and apply concepts or algorithms, in a 

flexible, accurate, efficient, and precise manner in 

problem solving. A good understanding of mathematical 

concepts will make it easy for students to remember, 

use, and rearrange a concept that has been studied and 

can solve various variations of math problems. But in 

fact, according to Sutarto Hadi and Maidatina Umi 

Kulsum in a journal entitled Understanding 

Mathematical Concepts for Junior High School Students 

Through the Application of Cooperative Learning 

Models with Pair Checks, one of the main problems in 

learning mathematics is the low absorption and 

understanding of students towards concepts. 

mathematics [2]. This can be influenced by several 

factors, one of which is the teacher's factor. Teachers 

need to design learning systems that are more 

interesting and familiarize students with building their 

own knowledge. Teachers can also present innovative 

media as learning supports to improve understanding of 

mathematical concepts. 

Based on the results of the analysis at Hasanuddin 2 

Junior High School in Semarang, information was 

obtained that the flat side space is one of the materials 

that is difficult to understand. This is because the shape 
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of the flat side space requires something concrete, such 

as manipulation objects as an intermediary for students 

to be able to understand concepts or explanations of 

abstract material. In addition, there is a lack of student 

interest and the limitations of the media used to convey 

the material on the flat side of the space. One of the 

media that is innovative and can attract the attention of 

students is the Scrapbook media which contains material 

for building flat sides starting from the shape of the 

space while explaining the calculation of the surface 

area and volume of the flat side space. When the teacher 

wants to convey material on the flat side of the space, 

the teacher only needs to bring this scrapbook learning 

media. Therefore, it is assumed that the development of 

scrapbook media on the topic of geometry, especially 

the shape of a flat side space, is very necessary to 

improve students' understanding. Based on the existing 

problems, the researchers will develop learning media to 

improve understanding of mathematical concepts in the 

material for building flat sides. 

2. THEORETICAL STUDY 

2.1. Understanding Mathematical Concepts 

Concept understanding is an ability related to 

understanding comprehensive and functional 

mathematical ideas. Understanding concepts is more 

important than just memorizing, therefore, don't be 

wrong in providing direction or guidance to students [3]. 
Understanding of concepts in Permendikbud (2014) can 

be seen from the ability of students to: (a) restate the 

concepts that have been studied; (b) classifying objects 

based on whether or not the requirements that make up 

the concept are met; (c) identify the properties of the 

operation or concept; (d) apply the concept logically; (e) 

provide examples or counter examples (not examples) 

of the concepts studied; (f) presenting concepts in 

various forms of mathematical representation (tables, 

graphs, diagrams, drawings, sketches, mathematical 

models or other means); (g) linking various concepts in 

mathematics and outside mathematics; and (h) 

developing the necessary and or sufficient conditions for 

a concept [4]. 

 

2.2. Scrapbook Media 

Learning media that has a role in the teaching and 

learning process is an integral part that cannot be 

separated from the world of education. Learning media 

is something that can be used to channel messages so 

that it can stimulate the thoughts, feelings, concerns, and 

interests of students to learn. Classification of learning 

media according to Rudi Bretz quoted by Talizaro 

Tafonao in the Journal of Educational Communication 

there are 8, including (1) motion audio-visual media, (2) 

silent audio-visual media, (3) semi-motion audio media, 

(4) motion visual media , (5) silent visual media, (6) 

semi-moving visual media, (7) audio media, and (8) 

print media [5]. 

Scrapbook learning media is a media that uses the 

art of decorating and designing photos using leftover 

materials. Scrapbook comes from English, "scrap" 

which means leftovers, scraps, cutouts, or pieces. While 

"book" means book. Scrapbooks are usually used to 

create memorable albums that contain not only photos 

but in the form of clippings or important notes related to 

important moments (Setyo Wahyu, 2018). Scrapbooks 

along with the times are not only used as a medium to 

beautify photo albums or pictures, but are used as 

wedding dowries or other important events. This is 

because scrapbooks are creative and innovative works 

and can leave an impression on special days. 

Scrapbooks can be adjusted to the desired theme 

because they are made by hand [6]. 

2.3. Learning Theory 

Learning theory is a theory that reveals the 

relationship between student activities and 

psychological processes or phenomena that exist within 

students. One that includes learning theory is 

cognitivistic. This theory says that knowledge is built 

within a person through a continuous process of 

interaction with the environment. Learning according to 

cognitive psychology is seen as an attempt to seek 

information, seek experience, solve problems, observe 

the environment, and practice something to achieve 

certain goals [7]. Understanding mathematical concepts 

in the application of learning has to do with learning 

theory according to Jerome Bruner, one of the cognitive 

psychologists who applies cognitive learning theory. 

This is because students who are freed to learn find new 

knowledge from the knowledge they already have, so 

that learning will be more meaningful and can be better 

understood by students. Bruner mentions 3 levels that 

need to be considered in accommodating students' 

circumstances, namely (a) Enactive (direct object 

manipulation), (b) iconic (indirect object manipulation), 

(c) Symbolic (symbol manipulation) [8]. 

2.4. Materials of Building Flat Side Rooms 

Building a flat side room is one of the Mathematics 

materials at the junior high school level. There are 

various shapes of flat-sided spaces ranging from the 

simplest such as cubes, blocks, pyramids to very 

complex ones such as polygonal pyramids or shapes that 

resemble crystals [9]. This research only focuses on 

building cubes and blocks. 

3. RESEARCH METHODS 

3.1. Development Model 

The model used is the development of a 4-D model. 

The 4-D development model (Four D) is a learning 
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device development model. This model was developed 

by S. Thiagarajan, Dorothy S. Semmel, and Melvyn I. 

Semmel (1974). The 4D development model consists of 

4 main stages, namely: Define, Design, Develop and 

Disseminate [10]. This model was chosen because it 

aims to produce products in the form of scrapbook 

media. The product developed was then tested for 

feasibility, validity, and effectiveness to find out the 

extent to which students' understanding of mathematical 

concepts improved after learning using scrapbook media 

on flat-sided building materials. 

3.2. Development Procedure 

3.2.1. Define 

3.2.1.1. Front End Analysis 

This analysis aims to raise and define the basic 

problems faced in learning Mathematics. 

3.2.1.2. Student Analysis 

This analysis aims to adjust the learning media 

developed with the responses of students related to 

learning Mathematics. In addition, learning media must 

also be adapted to the needs and characteristics of 

students. 

3.2.1.3. Task Analysis 

Task analysis has the aim of knowing the responses 

of students when learning Mathematics and when 

completing tasks. This is to find out the core 

competencies and basic competencies that have not been 

achieved. 

3.2.1.4. Concept Analysis 

Concept analysis has the aim of knowing the sources 

and learning media that have been used as well as 

material that is difficult for students to understand. This 

is in order to adapt the developed media to the difficult-

to-understand material. 

3.2.1.5. Formulation of Learning Objectives 

The formulation of learning objectives is a process 

of processing the results of previous analyzes into more 

specific learning objectives. 

3.2.2. Design 

Media design is based on problems that have been 

analyzed at the definition stage. It is intended that the 

developed media can overcome these problems. The 

initial media plan developed was in the form of three-

dimensional media that was adapted to the needs of 

students. 

3.2.3. Develop 

This stage is carried out in accordance with the 

design stage. The developed media were then tested for 

validity and feasibility which included expert validation 

(material and media experts), small group trials, field 

trials, and responses from teachers and students. Each 

process in this stage aims to create learning media that 

are suitable for use. 

3.2.4. Disseminate 

This stage is the stage of disseminating media that is 

suitable for use with a larger target. Before distributing, 

the researchers improved the media that was developed 

according to the responses and input from teachers and 

students. If the media is valid, feasible, and effective, 

the learning media can be disseminated. 

3.3. Product Trial Design 

3.3.1. Trial Design 

This study applies three trials, including: (a) Validity 

test, in this test the media is validated by material 

experts as well as media experts to determine the 

validity of the developed media; (b) Small group test, in 

this test the media was tested on nine students; (c) Field 

trials, in this test the media is tested on the test class to 

determine its practicality and effectiveness. 

3.3.2. Trial Subject 

The subjects of the small group trial were three 

students with high learning abilities, three students with 

moderate learning abilities, and three students with low 

learning abilities from class IX B. While the subjects of 

the field trial were students of class VIII SMP 

Hasanuddin 2 Semarang. The purpose of the field trial is 

to see the practicality and effectiveness of the developed 

learning media. 

3.3.3. Data Collection Techniques and 

Instruments 

3.3.3.1. Observation 

Observation is direct observation of the object of 

research to see the activities carried out up close. 

Observations are made if the object of research is 

human behavior and action, natural phenomena, work 

processes, and the use of small respondents [11]. 

3.3.3.2. Interview 

Interviews are one way of collecting data used to 

obtain information directly from the source. There are 

several factors that influence the flow of information in 

interviews, namely interviewers, respondents, interview 

guidelines, and interview situations [11]. 

3.3.3.3. Questionnaire 

Questionnaire is a list of questions given to other 

people who are willing to respond according to the 

request of the person who gave the questionnaire. This 

study uses a closed questionnaire type, which means 

that the questionnaire presented asks respondents to 

choose an answer that fits their characteristics [11]. The 

ISSN 2985-5721

Proceeding of International Conference of Education, Sciences, Technology, Engineering, & Mathematics



  

167 

 

questionnaire made in this research is a questionnaire to 

collect front end analysis data, material expert 

validation, media expert validation, teacher responses, 

and student responses. 

3.3.3.4. Test 

The test is a series of questions or exercises used to 

measure the knowledge, intelligence, abilities or talents 

possessed by individuals or groups [11]. Tests were 

conducted in this study to determine the level of 

effectiveness of the developed media. 

3.3.4. Data Analysis Techniques 

3.3.4.1. Qualitative Analysis 

This analysis is a process of systematically searching 

and compiling data obtained from interviews, field 

notes, and documentation. Qualitative data is subjective 

because it can be interpreted differently by different 

people [11]. The data analyzed qualitatively in this 

study were data from observations, teacher interviews, 

front end analysis results, and a description of the 

validity of the media by expert validators. 

3.3.4.2. Quantitative Analysis 

Quantitative analysis is used to process quantitative 

data. Quantitative data is data in the form of numbers 

obtained from direct measurements or by converting 

qualitative data into quantitative data [11]. Quantitative 

data obtained from the assessment of expert validators, 

teacher responses, student responses, instrument 

analysis results, pretest and posttest results. 

4. RESULTS AND DISCUSSION 

4.1. Initial Product Development Results 

The results of the analysis of the results of 

observations, interviews with teachers, and student 

needs analysis questionnaires stated that the need for the 

development of scrapbook media. After doing the initial 

design, the scrapbook media is then validated by the 

expert validator and revised according to the expert 

validator's advice. Following are the results of the 

revised scrapbook media after being validated: 

 

 

 

 

 

 

Figure 1. Scrapbook Media 

4.2. Product Trial Results 

4.2.1. Analysis of Test Instruments 

This analysis was carried out before the 

effectiveness test. The test instrument was tested first to 
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determine the validity, reliability, level of difficulty, and 

discriminatory power. The results of this analysis state 

that the test instrument is valid and reliable. Then for the 

level of difficulty, there are 7 questions in the easy 

category and 7 questions in the medium category. While 

the discriminatory power is that there are 3 questions 

with poor discriminating power, 5 questions with 

sufficient discriminating power, and 6 questions with 

good discriminating power.  

 

Figure 2. Analysis of Test Instruments 

4.2.2. Small Group Test 

This test was conducted on nine students with 

categories of three people with high learning abilities, 

three people with moderate learning abilities and three 

people with low learning abilities. The following table 

shows the results of the small group test: 

Table 1. Small Group Test Results 

No Code 
Score 

(%) 
Category 

1 R - 01 78,125 Practical 

2 R - 02 75 Practical 

3 R - 03 75 Practical 

4 R - 04 75 Practical 

5 R - 05 75 Practical 

6 R - 06 71,875 Practical 

7 R - 07 75 Practical 

8 R - 08 75 Practical 

9 R - 09 71,875 Practical 

 

4.2.3. Field Trial 

4.2.3.1. Effectiveness Test 

This test is carried out by giving pretest and posttest 

questions to class VIII students. There are several stages 

carried out in this effectiveness test. The first stage is 

the normality test (in this study using the Liliefors test). 

The data from the normality test of the pretest items 

were normally distributed. This is because Lcount < Ltable, 

namely Lcount: 0.171 and Ltable: 0.200. The data on the 

results of the normality of the posttest questions are also 

normally distributed because Lcount < Ltable, namely 

Lcount: 0.197 and Ltable: 0.200. 

The second stage is the homogeneity test (in this 

study using the F test). The data from the homogeneity 

test of the pretest and posttest questions are 

homogeneous. This is because Fcount < Ftable, namely 

Fcount : 0.630 and Ftable 2.272. The third stage is the t-test 

(in this study it is a paired sample t-test). The 

hypotheses tested are: 

H0: there is no effect of using scrapbook media on 

increasing students' understanding of mathematical 

concepts. 

H1: there is an effect of using scrapbook media on 

increasing students' understanding of mathematical 

concepts. 

The result of this t-test is |tcount| > t table, so Ho is 

rejected, which means that there is an effect of using 

scrapbook media on increasing students' understanding 

of mathematical concepts. The last stage is the gain test 

which is carried out to see the increase in students' 

conceptual understanding skills after being given a 

scrapbook media. The N Gain result obtained in this 

study was 0.296. This can be interpreted that the 

increase in students' conceptual understanding skills 

after being given scrapbook media is in the low 

category. 

4.2.3.2. Practicality Test Results 

The results of the practicality test are seen from the 

calculation of teacher and student responses to 

scrapbook media. The purpose of this test is to 

determine the practicality of the developed media. First, 

the teacher's response. The teacher who responded to the 

scrapbook media was the Mathematics teacher of SMP 

Hasanuddin 2 Semarang, especially the one who taught 

in class VIII, namely Mr. Agus Tri Waluyo, S.Pd. The 

percentage of results from teacher responses to this 

media reached 83%. It can be categorized that the 

scrapbook media developed is very practical and 

deserves to be disseminated. second, student responses. 

The students who responded to the scrapbook media 

were students of class VIII SMP Hasanuddin 2 

Semarang. This response is used to determine the level 

of practicality of the developed media. The results of the 

calculation of the questionnaire stated that there were 3 

students who gave responses in the "very practical" 

category and 15 students gave responses in the 

"practical" category. So the percentage is 16.667% very 

practical category and 83.333% practical category. 

5. CONCLUSION 

The learning media developed in this research is in 

the form of three-dimensional media, namely 

scrapbook. This media was developed to improve 
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students' understanding of concepts in the material for 

building flat sides, especially cubes and blocks. Based 

on the results of research and development of learning 

media, it can be concluded that: 

1. The learning media developed is declared valid. 

2. The learning media developed are practical and even 

very practical so that they are easy to use in learning 

activities. 

3. The learning media developed is effective in 

increasing the understanding of students' mathematical 

concepts in the material for building flat sides. 
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ABSTRACT 

This research is motivated by the unavailability of applications that can be accessed for free to operate independently 

by student who will take part in the selection together enter a state university (SBMPTN), as well as lack of students’ 

ability to solve physics problems’ ability to solve physics problems in the categoru of high order thinking skills (HOTS). 

The Purpose of this study was to determine the quality of GofisPTN application product as a learning medium in the 

SBMPTN. This research uses the type of R&D research 3D model with research procedures including define, design, 

and develop. The instrument used in this study includes a needs analysis instrument in the form of a questionnaire 

distributed to students, guidelines and interviews with students physics teacher class XI MIPA, while the evaluation 

instruments include expert validator assessment sheets. The quality of the GofisPTN application is judged from a 

suitable aspect by expert validator shows aiken validity of 0.82 so it can be categorized as very feasible. Based on the 

data results, then the GofisPTN application is declared suitable for use as a media learning to study SBMPTN in the 

field of physics. 

Keywords: Learning App;Self Regulated Learning ;SBMPTN ;Physics Problem Solving. 

INTRODUCTION 

Digitization of education is considered 

capable of increasing students' learning awareness 

so that learning independence is formed. 

Hendikwati et al (2019) in their research stated that 

the development of mobile learning application 

media can be used as a learning resource that 

supports self-regulated learning. Tegeh et al (2019) 

concluded similarly in their research, the 

effectiveness of using ICT based on self-regulated 

learning can improve student learning outcomes. 

There is a significant difference between students 

who are given ICT learning media based on self-

regulated learning and students who are not given 

treatment. This shows that digital technology is very 

useful in education, especially for increasing 

learning independence, so that with independent 

learning, students experience an increase in 

understanding of the material in learning and are 

able to measure the abilities of each student 

independently. Ikhbal & Musril (2020) revealed in 

their research that the role of Android-based 

learning media in physics material that can be 

downloaded on smartphones was also felt by 

lecturers, teachers, and students. Android 

applications can also contain educational game 

content that can attract students to learn. Wati & 

Istiqomah (2019) describes that the development of 

physics educational games can increase student 

interest and can be an enrichment in physics 

material. 

Pamungkas & Prakoso (2020) explained that 

when entering tertiary institutions, learning 

activities at this level require student activity and 

independence in understanding learning material, so 

that each student needs to apply self-regulated 

learning (self-regulation ability). Subramanya et al 

(2017) revealed that self-regulated learning 

encourages students to actively seek new 

knowledge and skills so that self-regulated learning 

is able to create a comfortable learning climate 

according to the needs of students. The analysis 

based on the opinions that have been presented 
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shows the importance of getting used to the self-

regulated learning approach for students. 

Another problem in education is related to 

problem-solving abilities, students who already 

have independent learning are still constrained in 

these problems. Referring to research from Azizah 

et al (2015) revealed that in physics learning, 

students' ability to solve problems is still relatively 

low, when the process of working on physics 

questions students directly use formulas without 

analyzing first, memorizing the solutions to 

problems that have been taught, and guessing. 

formula to solve the problem. The results of the 

research which identified difficulties in solving 

physics problems in 120 high school students 

showed that 76% of students had difficulty learning 

in problem solving on the grounds that they did not 

understand or forgot the material, 19% of students 

understood the solutions to the problems given so 

they could not solve them. problems, and only 5% 

of students were able to solve physics problems. 

The low problem-solving ability has an 

impact on the difficulty of solving problems in the 

selection of higher education institutions, especially 

in the joint selection of state universities 

(SBMPTN). In 2018 there were 73.33% of physics 

questions in the HOTS category. Based on the 

analysis, it was found that the 2018 SBMPTN 

questions contained 60% problem-solving skills 

indicators and 80% critical thinking indicators. The 

questions given in the SBMPTN require students to 

think at a higher level, while students are 

accustomed to working on questions with the LOTS 

category in learning activities at school. This is a 

challenge for students in participating in the joint 

selection to enter higher education (Amalia & 

Wahyuni, 2020). 

The difficulty level of the questions included 

in the HOTS category and the number of registrants 

affect the pass rate of students in the SBMPTN, 

based on statistical data for the 2018 SBMPTN, as 

many as 165,831 students successfully passed. This 

shows that only 19.28% of the total registrants of 

860,001 students graduated (Amalia & Wahyuni, 

2020). It is no different from previous years which 

also showed that the pass rate was only in the range 

of 13 – 17 % in 2014 – 2015 (https://www.brin.go.id 

accessed on January 31, 2022). The tight 

competition still continues at the 2021 SBMPTN, 

namely the pass rate for the science and technology 

SBMPTN participants only reached 25.28% 

(https://dikti.kemdikbud.go.id accessed on January 

31, 2022). 

The characteristics of the HOTS questions 

and the intense level of competition between fellow 

SBMPTN participants certainly require students to 

be active in practicing and studying questions with 

similar characteristics, it is very important to 

understand the questions that came out in the 

SBMPTN in previous years so that students have an 

idea related to the problem. which will be tested in 

the SBMPTN test that will be undertaken. There is 

a need for learning resources that include all things 

related to the SBMPTN so that students can learn 

and prepare for the SBMPTN. It's just that, not 

many applications that contain this content. The 

provision of materials for prospective SBMPTN test 

participants is generally provided by an 

organization, the presentation of these materials can 

be in the form of modules, training, videos, and 

applications with a certain fee to access them. 

Students who do not have enough funds cannot 

access the material, so students will learn 

independently with material sources that they can 

reach (Rangkuti, 2017). Referring to previous 

research conducted by Ega Dimas Saputra revealed 

that access to simulations related to SBMPTN was 

only developed using a website with limited 

features only in simulation sessions (Saputra, 2017), 

so in this study researchers will add additional 

features that can make users learn conceptual 

material. physics and is also equipped with 

motivational features that can bridge the user's 

enthusiasm for learning. 

Seeing the existing problems, the researcher 

wants to design an application that contains 

discussion content about SBMPTN questions that 

have been tested in the previous year and is 

equipped with several features that can increase 

student motivation in learning independently, this 

application is named GofisPTN, this application is 

designed by implementing learning approach with 

self-regulated learning. This study aims to develop 

the GofisPTN application with a self-regulated 

learning approach for joint selection simulations to 

enter state universities in which the hope is that 

students can learn independently in preparation for 

the SBMPTN and have an overview of the problems 

that arise in the SBMPTN questions that will be 
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tested and can measure their own abilities through 

simulations. that has been provided in the 

application features, so that students can enter the 

dream college with the college major that the 

student has chosen. 

METHODS 

This research applies research and 

development methods. Sugiyono (2013) revealed 

that the research and development method or 

commonly referred to as Research and 

Development (R&D) is a research method used to 

produce a product and then tested its effectiveness. 

In this study, the product produced is the GofisPTN 

application through a self-regulated learning (SRL) 

approach which is expected to improve the ability 

of students to solve physics problems in PTN 

selection questions. The development model used in 

this research is to adapt the ADDIE development 

model, but it is limited to only three initial stages, 

namely analyze, design, and develop. 

The validity test of the GofisPTN application 

is carried out by competent validators, namely 

media expert validators and material validators, 

then the results of the validator's assessment can be 

analyzed with Equation (1) the validity of aiken. 

𝑉 =
∑𝑠

𝑛(𝐶−1)
l                                                   (1) 

Information : 

s  = r-lo. 

V = Index of item validity. 

n =  number of experts. 
c =  the highest number of validity assessments. 

r = number set by the rater. 

lo = the lowest number of validity assessments. 
 

The GofisPTN application which has been 

validated by 4 experts (2 learning media experts and 

2 learning material experts) is declared valid if the 
validity coefficient is 0.80 <V≤1 with a rating scale 

of 5. The quality validity criteria per item can be 

seen in Table 1 (Retnawati, 2016 ). 
 

Table 1. Aiken Validity Criteria 

Index Criteria 
V≤ 0,40 

0,40<V≤0,80 
0,80<V≤1 

Not Valid 
 Valid 

Very Valid 
 

 

RESULT AND DISCUSSIONS 

The product resulting from this development 

research is a media application android based 

learning. This learning media product was created 
and designed by researchers, with the aim that it can 

be used as a teacher's tool in delivering material and 

also as an independent learning resource that can be 

used by students outside at any time school. The 
development of this learning media uses a learning 

media design model ADDIE models. The ADDIE 

model has 5 stages, including analysis, design, 
development, implementation and evaluation. Study 

The development of the ADDIE model is carried out 

only until the Development stage because the 
purpose of this research is only to develop and 

produce a media valid learning to be implemented 

based on the assessment of the validator. Stages The 

development research is described as follows: 
1. Analysis 

At the analysis stage, the researcher 

conducted problem analysis, needs analysis, 
and subject analysis. The results of the 

analysis stated that students had difficulty in 

learning independently, the teacher also said 
that the focus of learning at school was the 

completion of physics material, there was no 

goal so that students could be accepted in 

college. As many as 78% of students 
revealed that the questions that had been 

taught at school were easier than the 

questions that had been issued at the 
SBMPTN, so that 72% of students revealed 

that they had difficulties in solving physics 

problems. The percentage of students who 

have the ability to study independently is 
estimated by physics teachers to be only 

25%, and based on a needs analysis 

questionnaire, only 36% of students try to 
find solutions to problems from the 

SBMPTN questions that were issued the 

previous year. The analysis obtained states 
that students need more enrichment 

questions to support preparation for 

studying for the SBMPTN in the field of 

physics. Students also need a discussion 
content about SBMPTN physics TKA and 

physics TKA SBMPTN simulations in order 

to get used to dealing with HOTS category 
questions, students also reveal that 

motivation is very influential in increasing 

independent learning abilities. 
2. Design 

A series of activities at the design 

stage are based on the analysis stage that has 
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been carried out. The design phase includes 
data collection, setting goals, and compiling 

assessment instruments. The results of the 

research needed include the display of 

backgrounds and images that are adjusted to 
user needs, making it easier for users to use 

the application. 
3. Development 

At this stage of development, an 
overview of the application design has 

begun to be realized by creating any content 

that is loaded in the application to doing 
block programming on the code so that the 

application can be downloaded with an apk 

file format. The results of the application 
product design developed include: 

a. Start page 

 
Figure 1.Star Page 

b. “Hello User” page 

 
Figure 2. “Hello User” Page 

c. Main menu, this menu contains GoSol 
(Gofis Solution), GoFun (Gofis Fun), 

GoMov (Gofis Motivation), GoCast 

(Gofis Podcast) menus, GoSim (Gofis 

Simulation), developer profiles, usage 
instructions, and synchronization 

buttons that can be accessed display or 

remove the developer profile menu and 
user manual menu. 

 
Figure 3. Main Menu Page 

d. GoSol (Gofis Solution) menu, this 

menu contains discussion content about 

the SBMPTN for physics foreign 
workers that have been tested in the 

2017-2021 period.. 

 
Figure 4. Gofis Solution Page 

ISSN 2985-5721

Proceeding of International Conference of Education, Sciences, Technology, Engineering, & Mathematics



  

174 

 

e.  GoFun (Gofis Fun) menu, this menu 
displays content that discusses physics 

concepts related to daily life, equipped 

with audio-visual images and 

communicative and interactive content 
delivery. 

 
Figure 5.Gofis Fun Page 

f. GoMov (Gofis Motivation) menu, this 

menu displays quotes to motivate 
students to learn to fight for success. 

 
Figure 6.Gofis Motivation  

g. GoCast menu (Gofis Podcast), this 
menu contains content in the form of 

videos that discuss college majors that 

are closely related to science material, 

especially physics material. 

 
Figure 7. Gofis Podcast Page 

h. GoSim (Gofis Simulation) menu, this 

menu presents three session options, 

each session containing 20 physics 

questions in the HOTS category, when 
the user clicks the session button, the 

GofisPTN application will be 

connected to Quizizz, in this feature 
users can see scores, rankings , as well 

as the correct answer. 

 
Figure 8.Gofis Simulation Page 
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i. GoShare menu (Gofis Share), this 
menu displays a button which when 

clicked will connect the GofisPTN 

application to the Whatsapp 

application, so if you want to connect 
with fellow users, you must join the 

GofisPTN group via whatsapp. 

 
Figure 9. Gofis Share Page 

j. Developer profile menu, this menu 

contains information related to the 

purpose of developing the GofisPTN 
application, the name of the developer 

who developed it, and the supervisor 

who assists the developer in providing 

input on the developed application 
media. 

 
Figure 10. Developer App Page 

 
k. User manual menu, this menu contains 

explanatory information to facilitate 

users in operating the GofisPTN 

application. 

 
Figure 11.User Manual Menu Page 

The results of the validator assessment can 
be seen in Table 2. 

Table 2.The Result of the Validator 

Assessment 

No Validator Average of 
validator 

scores 

s = r – lo 

1 Validator I 4,5 4,5 – 1 = 
3,5 

2 Validator 
II 

4 4 – 1 = 3 

3 Validator 
III 

4,67 4,67 – 1 
= 3,67 

4 Validator 
IV 

4,61 4,89 – 1 
= 3,89 

∑ s  14,06 

V 0,82 
Description Very 

Valid 
  

 

CONCLUSIONS 

The GofisPTN application is included in the 

very valid category. Based on the two aspects of the 

assessment, the overall validity of the GofisPTN 
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application is in the very valid category with a 

validity score of 0.82. 
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ABSTRACT 

Each student has different characteristics in himself, both in thinking, accepting and responding. That distinction is 

often called cognitive style. Differences in cognitive styles affect students' mathematical abilities, one of which is the 

ability of mathematical connections. This research is a qualitative descriptive study that aims to describe: 1) 

Mathematical connections of reflective students in solving SPLTV problems. 2) Mathematical connections of 

impulsive students in solving SPLTV problems. This research was conducted at SMA Negeri 1 Jember class X MIPA 

8 totaling 35 students. The subjects of the study were 2 students, each of whom had a reflective and impulsive 

cognitive style and met the criteria. The determination of cognitive styles uses the Matching Familiar Figures Test 

developed by Warli in 2010. The data collection technique uses problem-solving tests and interviews, while the data 

analysis uses milles and huberman models and uses time triangulation and techniques. The results of the study were in 

the form of the ability of mathematical connections of high school students in solving SPLTV problems in terms of 

reflective and impulsive cognitive styles. 

Keywords: Mathematical Connections; Polya Problem Solving; SPLTV; Warli Cognitive Styles.

1.  INTRODUCTION 

The quality of natural resources and human 

resources greatly affects the development of a nation. 

Efforts to improve the quality of natural resources can 

be carried out by improving in various sectors such as 

agriculture, plantations, marine and so on, while efforts 

to improve the quality of human resources require 

improvements in the field of education. Mathematics is 

present as one of the educational sciences that is very 

useful in various circumstances. Many scientists say 

that mathematics is the science that underlies the 

development of technology and information in the 

world. Mathematics is able to develop the human 

mindset to be more advanced, critical, creative and 

innovative. Therefore, it is necessary to strengthen the 

understanding of students' mathematical concepts since 

childhood. In the context of learning, mathematics is 

defined as a discipline that contains several ideas or 

concepts. The idea or concept is abstract and can 

classify various objects [5]. 

The National Council of Teachers of Mathematics 

(NCTM) states that Mathematics is a collection of 

materials that are interconnected with each other, not 

fragmented. Thus, to understand the interrelated field of 

mathematics studies, an ability is needed, namely the 

connection of mathematics [9]. Government Regulation 

on Education and Culture Number 58 of 2014 explains 

that mathematics has unique characteristics, namely 

students must be able to understand the relationship 

between concepts [14].  The statement can be 

interpreted to mean that to learn a material the student 

must master the material beforehand. In other words, 

the previous material is a condition in order to be able 

to continue the next material. The activity that connects 

between these concepts is called mathematical 

connection. 

The word connection comes from the English 

"connection" which means relationship. Whereas if it is 

associated with mathematics, it is called a mathematical 

connection. Mathematical connections are defined as 

the relationship between mathematical (internal) 

concepts, other sciences and everyday life (external). 

NCTM defines mathematical connection ability as the 

ability of students to connect and recognize what 

mathematical ideas are interrelated with and understand 

external mathematical ideas. In addition, NCTM also 

defines that mathematical connection ability as one of 

the five essential skills that students must master [9]. In 

terms of implementation, Apriyono stated that there are 
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several types of mathematical connection abilities, 

including connecting mathematical concepts, 

connecting mathematical concepts with other sciences, 

and connecting mathematical concepts with daily life 

[2]. 

The basis of mathematical connection is that 

mathematics is considered to be the "Body Knowladge" 

that is, a structured comprehensive science composed of 

small interconnected elements [18]. In addition, 

mathematical connections are also contained in the 

Minister of Education and Culture Number 22 of 2006 

concerning the purpose of learning mathematics, 

namely students understand mathematical concepts, 

explain the relationship of concepts and apply concepts 

or algorithms flexibly, accurately, efficiently, and 

precisely in solving problems [15]. This idea is in line 

with NCTM's view of the five basic mathematical 

competencies that students must master, namely 

problem solving, connection, reasoning and proofing, 

communication, and representation. Referring to the 

explanation above, in mathematics learning at school 

students must master the ability to connect between 

mathematical concepts [9].  

Speaking indirectly about mathematical connection 

capabilities, it turns out that it is closely related to 

solving or solving problems. Apriyono suggested that 

student problem solving can be used as a reference to 

measure mathematical connection ability [3]. Through 

problem solving, students build and explore ideas and 

practices to integrate the concepts, theorems, and skills 

they have mastered. In other words, students can use 

connection abilities to solve problems. Maulyda defines 

problem-solving activities as activities in which man 

applies previously acquired concepts and rules to find 

solutions [7]. So, if it is associated with mathematics 

learning, then problem solving is a student's effort by 

applying the ideas and rules of mathematics mastered to 

find the desired solution. In the process of solving 

problems, systematic procedures are needed so that the 

problem solving activities carried out can be successful. 

Georgi Polya in 1973 wrote a book entitled How to 

Solve It which triggered 4 stages in solving problems 

including: understanding the problems, devisisng a 

plans, carrying out the plans, and looking back [11].  

Here is presented a table of indicators of the ability of 

connection of mathematics with problem solving Polya 

[3]

Table 1. Indicators of Mathematical Connection Capability with Polya Problem Solving 

 
Stages of 

Polya 

Mathematical Connection Ability Standards Indicators of Mathematical Connection 

Ability in Problem Solving 

Understanding 

the problem 

Recognizing and using the interrelationship of 

ideas in mathematics 

Explaining the relationship between known 

mathematical ideas 

Understand how ideas in mathematics relate to 

each other and build wholeness with each other 

Explaining the relationship between known 

mathematical ideas and those in question 

Recognize and apply mathematics both internally 

and externally 

 

Devising a 

plan 

Recognizing and using the interrelationship of 

ideas in mathematics 

 

Understand how ideas in mathematics relate to 

each other and build wholeness with each other 

Explaining the relationship of mathematical 

ideas in the created completion plan 

Recognize and apply mathematics both internally 

and externally 

Explaining the relationship of external ideas 

in planning for completion 

Carrying out 

the plan 

Recognizing and using the interrelationship of 

ideas in mathematics 

Explaining the relationship of mathematical 

ideas to the plan he performed 

Understand how ideas in mathematics relate to 

each other and build wholeness with each other 

 

Recognize and apply mathematics both internally 

and externally 

Explains the relationship of external ideas of 

mathematics with the plan he performs 

Looking back Recognizing and using the interrelationship of 

ideas in mathematics 

Explaining the relationship of whether what 

is obtained is in accordance with the problem 

questions, mathematical ideas and 

procedures 

Understand how ideas in mathematics relate to 

each other and build wholeness with each other 

 

 Recognize and apply mathematics both internally 

and externally 

 

Source: Apriyono (2015) 
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However, based on the findings of Widiyawati et al. 

explained that the ability of students' mathematical 

connections in solving problems is still low.  Supported 

by Maulyda's findings which explained that low- and 

middle-skilled students do not meet all indicators of 

mathematical connections. Whereas highly capable 

students can complete all indicators [8]. From these two 

studies, it can be concluded that the average 

mathematics connection ability of students in Indonesia 

is still low. In her article, Latipah revealed that the 

factor causing the low connection of mathematics 

among students, especially high schools, is because the 

learning system implemented in schools is still not right. 

The mathematics learning system in most schools is still 

teacher-oriented and the problems (questions) given to 

students are often routine so that when students are 

given non-routine questions (daily life), it is difficult for 

students to solve them [6].  

Meanwhile, in the process of solving problems, 

students have different characters. This difference can 

be seen from the way individuals receive, organize and 

process information. This unique difference is the so-

called cognitive style. Cognitive style is defined kagan 

as diversity in the way a person recognizes, thinks and 

uses information. Therefore, differences in cognitive 

styles can affect students' problem-solving abilities [4]. 

In other words, how students make decisions about 

problem solving, whether in making plans, executing 

plans, or making decisions, is governed by cognitive 

styles. In 1964 Kagan divided cognitive styles into two 

categories, reflective and impulsive. Kagan in Warli 

defines impulsive reflectiveness as a cognitive style 

based on conceptual rhythms [16]. Furthermore, 

Rozencwajg and Corroyer developed the findings so as 

to obtain new findings, namely the grouping of 

cognitive styles into four parts, namely fast-accurate, 

reflective, impulse, and slow-inaccurate [13].   

In this study, the review of the study focused on 

reflective and impulsive cognitive styles. This is 

because reflective and impulsive cognitive styles 

receive great attention when assessing students, 

especially those who have difficulty learning 

mathematics. A person with a reflective cognitive style 

always thinks before acting, so tends to take the right 

decisions, while impulsive people act spontaneously, so 

tend to make less informed decisions [16]. If depicted 

on a graph the relationship between the time of decision 

making or in general the time of working on the task 

with accuracy in answering, the following 

characteristics will appear [1]. 

Prihastato's research results showed that reflective 

students have better mathematical connection skills than 

impulsive students in solving given problems. The 

accuracy of the student's mathematical connection 

ability is influenced by reflective and impulsive 

cognitive styles [10]. This makes researchers want to 

further examine the question. It is hoped that with the 

results of this study, teachers can create the right 

learning for students based on their cognitive style. 

Figure 1.1 Garfik Classification of Cognitive Styles 

 

2.  RESEARCH METHODS 

Based on background and objectives, this research is 

classified as descriptive research with a qualitative 

approach. This type of research is used to describe an 

object that is studied systematically, namely describing 

the ability of students' mathematical connections in 

solving SPLTV problems in terms of reflective and 

impulsive cognitive styles. This research was conducted 

at SMA Negeri 1 Jember class X MIPA 8 which totaled 

35 students. The subjects of the study were 2 students, 

each of whom had a reflective and impulsive cognitive 

style. The instrument used to classify students' cognitive 

styles is the MFFT (Matching Familiar Figures Test) 

test developed by Warli in 2010. In the selection of 

subjects, in addition to controlling cognitive styles, there 

are several criteria that must be met, namely that the 

subject must have the same gender and high and equal 

mathematical ability and be able to communicate well in 

order to make it easier for researchers to describe the 

ability of mathematical connections in the two research 

subjects. Based on this, the subject selection technique 

in this study is purposive sampling. 

Furthermore, the instrument used by researchers to 

measure students' mathematical connection ability is in 

the form of a problem-solving test consisting of TPM 1 

and TPM 2 as well as interview guidelines produced by 

the researcher himself and have been declared valid by a 

team of experts. The data analysis in this study using the 

Milles and Huberman model includes data reduction, 

data presentation and conclusion drawing. As for testing 

the consistency of the data, researchers used two 

triangulations, namely time triangulation and technique. 

3.  RESULTS AND DISCUSSION 
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Based on the MFFT test developed by Warli, a 

classification of cognitive styles of students of class X 

MIPA 8 was obtained which is presented in the 

following diagram: 

 

Figure 2. Classification of cognitive styles of students 

X MIPA 8 

The next stage was selected 2 subjects who were 

cognitively reflective and impulsive, respectively, and 

met the criteria. The selected subjects were then given 

TPM 1 and 2 and interviewed.  The following is 

presented an analysis of the results and their discussion. 

3.1 Mathematical Connection Ability of 

Reflective Students (SR) in Solving SPLTV 

Problems 

3.1.1. Understanding A Problem 

The ability of SR mathematical connections in 

understanding problems in the first indicator is to 

connect known mathematical ideas. As for this 

indicator, it is illustrated that the SR mentions all the 

known information in the problem precisely then 

contains a mathematical forgery to create a 

mathematical model of SPLTV. However, the forging 

made by SR is still not quite right. The ability of SR 

mathematical connections in understanding problems in 

the second indicator is to connect mathematical ideas 

between known and those asked. As for this indicator, it 

can be described that SR mentions the information 

known and asked in the question appropriately then SR 

explains that between the known in the question and the 

question has a very close relationship. The value of the 

comparisons on the questions is used to determine the 

SPLTV, then the information on the pamphlet is used to 

determine the final result. without understanding what is 

known in then SR cannot determine the final answer. in 

addition, SR also mentioned that the problem not only 

contains the concept of SPLTV but there are several 

other mathematical concepts, namely comparison, 

fractions and social arithmetic. In other words, SR is 

able to understand the problem in the problem precisely 

and thoroughly. 

3.1.2. Devising A Plan 

Based on the figure above, The ability of the 

connection of SR mathematics with indicators explains 

the relationship of mathematical ideas made in the plan. 

This indicator illustrates that SR determines SPLTV 

equations or mathematical models by utilizing the 

variables that have been created and the known 

information in the problem. Next, SR completes the 

SPLTV to find the values of the variables. Once the 

value of the variable is known, using the information 

contained in the pamphlet, SR relates to the concept of 

social arithmetic to determine the final result. The 

ability of the connection of SR with indicators explains 

the relationship of external ideas in planning for 

settlement. As for this indicator, it is described that in 

the matter it relates to the science of economics and 

everyday life. This can be seen from the pamphlet 

provided in the questions listed on ticket prices, 

discounts and cashback. Therefore, SR will relate the 

concept of arithmetic with economics and daily life to 

determine the answers asked in the questions. 

 

 

Figure 3. SR in Devising A Plan 

3.1.3. Carrying Out The Plan 

Based on the figure above, The ability of SR's 

mathematical connection with indicators explains the 

relationship of ideas that he does. As for this indicator, 

it is described that SR solves problems according to the 

relationship of mathematical ideas that he planned in 

advance. The SR steps in problem solving are to relate 

mathematical concepts accompanied by exact reasons. 

The first step after making mathematical forgery, SR 

makes SPLTV equations or mathematical models by 

relating the concept of comparison and SPLTV. 

Meanwhile, in the process of calculating SR using the 

concept of fractions so that a mathematical model is 

obtained. The next step is that SR completes SPLTV by 

using the substitution method. The substitution method 
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was chosen SR to complete SPLTV because it was 

considered easier. After completing the SPLTV, SR can 

get the value of each variable. The next step, SR 

calculates ticket prices, discounts and cashback by 

relating the concept of social arithmetic with the science 

of economics and daily life so as to find the answers 

asked in the questions. 

The ability of the mathematical connection of SR 

with indicators explains the external idea that he 

performs. As for this indicator, it is described that SR 

solves problems according to the relationship of extenal 

ideas that he planned earlier. SR attributes the concept 

of social arithmetic to the science of economics and 

everyday life in order to calculate ticket prices, 

discounts and cashback. By utilizing the information 

stated in the pamphlet, SR can find the answer asked. 

 

Figure 4. SR in Carrying Out The Plan 

3.1.4. Looking Back 

The ability of the connection of SR mathematics 

with indicators explains the relationship of whether the 

answers obtained are in accordance with what is asked, 

mathematical ideas and strategies. As for this indicator, 

it is illustrated that the final answer that SR obtained is 

in accordance with what is asked in the question. SR 

explained that he re-examined the answers from the 

initial stage to the end and connected with previously 

understood mathematical ideas with the results of the 

work.  

3.2 Impulsive Student's (SI) Mathematical 

Connection Ability in Solving SPLTV 

Problems  

3.2.1 Understanding A Problem 

The ability of SI mathematical connections in 

understanding problems in the first indicator is to 

connect known mathematical ideas. As for this 

indicator, it is illustrated that the SI mentions all the 

known information in the matter exactly. Impulsive 

students also make variable forging to make it easier to 

solve the problem. However, the forging that SI made is 

still not quite right. The ability of impulsive students' 

mathematical connections in understanding the problem 

in the second indicator is to explain the relationship 

between the known idea and the one being asked, 

namely the SI mentions the information that is known 

and asked appropriately and thoroughly. SI explained 

that the idea that is known to have a close relationship 

with the one asked is that the comparison values listed 

in the question can be used to find the value of the 

variable created, while the pamphlets available in the 

question are used to find the final answer. SI also 

explained that the masaalah presented in the problem 

contains several mathematical concepts, namely 

SPLTV, comparison, fractions and social arithmetic. 

3.2.2 Devising A Plan 

 

 

Figure 5. SI in Devising A Plans 

 

Based on the figure above, the ability of SI 

mathematical connections in creating problem-solving 

plans in the first indicator is to explain the relationship 

of mathematical ideas that are made in the plan. Some 

of these indicators are described SI connects the known 

with the concept of comparison, after which the SI 

connects to the fractional concept for calculation 

operations. The already obtained comparison is used to 

find the value of the variable from the pre-made forging. 

Then SI connects to the concept of social arithmetic. By 

using the information stated in the pamphlet on the 

question, the SI can find the final result. The ability of 

SI mathematical connections in making problem-solving 

plans in the second indicator is to explain the 

relationship of external ideas in planning for 

completion. This indicator is described SI will connect 

the concept of social arithmetic with the science of 

economics and everyday life to find the final result. This 

can be identified from pamphlets that contain 

information on ticket prices, discounts and cashback. 
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3.2.3 Carrying Out The Plan  

 

 

 

 

Figure 6. SI in Carrying Out The Plan 

Based on the above figures, the ability of SI 

mathematical connections with indicators explains the 

relationship of mathematical ideas. As for this indicator 

described SI solving the problem by connecting the 

mathematical ideas that he planned however, the subject 

is not yet fully. The subject cannot find the SPLTV 

meatemtics model, so the subject does not associate it 

with the concept of SPLTV.  The SI describes the steps 

in finding answers accompanied by clear reasons. The 

first step that SI does is to make a variable forgery so 

that several comparisons are obtained. Si's next step 

creates several linear equations based on the known 

information in the problem and relates them to 

previously made comparisons resulting in new 

comparisons. In the calculation of SI using the concepts 

of fractions and decimals. Si's next step substitutes 

known information that was previously known and 

comparisons to the linear equations he had previously 

created. So that the value of the forging variable that he 

made at the beginning was obtained. The next step si 

makes use of the information contained in the pamphlet 

in the question. SI connects the concept of social 

arithmetic with the science of economics and everyday 

life in calculating ticket prices, discounts and cashback 

to determine the answers asked. 

The ability of the mathematical connection of si with 

indicators explains the relationship of the external idea 

with the plan that he performs. As for this indicator is 

described as described SR solves the problem according 

to the relationship of external ideas that he planned in 

advance. SR relates the concept of social arithmetic to 

the science of economics and everyday life. Based on 

the information stated in the pamphlet, SR calculates 

ticket prices, discounts and cashback to determine the 

answers asked in the questions. SI also explains that all 

concepts, both mathematical concepts and external 

concepts, are closely related to being able to find the 

final answer. 

3.2.4 Looking Back 

The ability of si mathematical connection with 

indicators explains the relationship between whether the 

jawban obtained is in accordance with what is asked, 

mathematical ideas and strategies. As for this indicator, 

it is illustrated that the answer that SI obtained is in 

accordance with what was asked in the question. The SI 

re-examines the final answer he obtained by connecting 

previously understood mathematical ideas. The form of 

re-checking that SI does is to check calculations from 

beginning to end to avoid errors.   

4.  CONCLUSION 

Based on the results of the analysis above, the 

researcher concluded regarding the ability of reflective 

and impulsive students' mathematical connections in 

solving problems as follows: 

1. The ability of reflective students' mathematical 

connections in solving SPLTV problems is as 

follows: The answers obtained by SR in solving 

SPLTV problems at TPM 1 and 2 are correct. At the 

stage of understanding the problem SR meets all 

indicators of mathematical connection ability, SR is 

very meticulous in collecting known information in 

the problem. At the stage of creating and 

implementing plans, SR has perfectly linked the 

concepts of SPLTV, comparison, fractions and 
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social arithmetic with the science of economics and 

everyday life. At the stage of re-examining the 

answers, SR re-examines the calculations, formulas 

as well as writing repeatedly. Furthermore, in the 

process of working on the TPM, SR is 10 minutes 

late in collecting from the given time. This is in 

accordance with Warli's opinion which suggests that 

subjects with a reflective cognitive style have the 

characteristic of being slow in answering problems, 

but careful or meticulous so that the resulting 

answers tend to be correct.  Reinforced by 

Anggraini's opinion that reflective individuals will 

use more time to examine problems, consider 

possible solutions, and will ensure the truth and 

completeness of hypotheses [1]. 

2. The ability of reflective students' mathematical 

connections in solving SPLTV problems as follows 

As for the answers obtained by SI in solving SPLTV 

problems, it is correct, but SI cannot mention the 

SPLTV mathematical model. At the stage of 

understanding the problem, si meets all indicators of 

mathematical connection ability, but at the stage of 

making and implementing plans, SI does not use the 

concept of SPLTV but only associates the concepts 

of comparison, fractions and social arithmetic with 

the science of economics and everyday life. SI said 

that the concept of SPLTV in his opinion was quite 

difficult so that he was only able to create one three-

variable linear equation. Further at the stage of re-

examining, the SI meets the indicators of 

mathematical connection ability. In the process of 

working on the TPM, SI is 30 minutes earlier than 

the time given. This is in accordance with Warli's 

opinion which states that subjects with impulsive 

cognitive styles tend to have fast characteristics in 

dealing with problems but do not analyze [16].  
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ABSTRACT 

This article discusses designing an e-module using Canva. Canva is a graphic design platform that can be accessed 

through a website or application that can be used via smartphones, tablets, or various computer devices. This Canva 

based e-module contains prism and pyramid building materials in the context of Malay Islam, combined with images, 

audio and video. The design and use of this e-module aims to create attractive alternative teaching materials in 

accordance with technological developments and improve students' mathematical abilities, especially in prism and 

pyramid building materials. 

Keywords: Canva; E-Module; Mathematical Abilities; Prism and Pyramid. 

1. INTRODUCTION 

Science and technology is currently growing rapidly. 

One of the factors that triggered the acceleration of this 

development was the Covid-19 pandemic that hit 

Indonesia some time ago. Initially, the world health 

organization or WHO (World Health Organization) 

declared the outbreak due to the corona virus a global 

pandemic on March 11, 2020 [1]. The global Covid-19 

pandemic has certainly become a new problem for 

various countries and has an impact on all aspects of the 

life of the Indonesian people, including in the field of 

education. As a result, the Indonesian government has 

made a policy so that learning activities are carried out 

online by utilizing existing technological advances [2]. 

In learning activities, technology can be used as a 

learning resource that has an important role because the 

availability of adequate learning resources will help 

teachers and students in facilitating the learning process 

so that the goals that have been set can be achieved. 

According to [3] learning resources can be interpreted 

as everything that can be used as a reference or 

reference that produces a learning experience for 

students. In its application, according to [4] learning 

resources can be in the form of messages, people, 

software media materials, hardware equipment, 

techniques, and backgrounds. This is where the active 

role of educators is needed to process existing learning 

resources into teaching materials. 

Research result [5] mentions that mathematics is one 

of the subjects that students do not like because 

mathematics is a difficult subject and not easy to 

understand. Meanwhile, based on the research results 

[6] student interest in learning mathematics is very low 

because of the use of teaching materials that are less 

attractive. Therefore, it takes the skills of educators to 

utilize existing technology as an effort to increase 

students' interest in learning mathematics and facilitate 

students with various innovations [7]. 

The innovation of teaching materials that are 

relevant to the current situation that educators can do is 

the development of electronic learning modules [8] E-

module the development of a printed module that is 

packaged in digital form [9]. The e-module contains 

learning objectives, learning materials or substances and 

evaluations that can be accessed by students on various 

electronic devices such as computers, laptops, tablets, 

and android devices. The use of e-modules can make 

students learn independently and can provide different 

learning experiences to students because e-module have 

interesting interactive audio, animation and video [10]. 

In addition, the development of e-module can also 

indirectly save the earth because it reduces paper usage 

[11]. 

In line with this, researchers are interested in 

developing e-module as an alternative teaching material 

that can represent pyramid and prism that are associated 

with the context of Malay Islam. The application of the 

Malay Islamic context in the development of this e-
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module is intended to provide opportunities for students 

to explore Malay Islamic-style local wisdom in South 

Sumatra, especially those related to pyramid and prism. 

Several studies that have developed e-module using the 

Malay Islamic context include research that discusses 

the material for curved side spaces [12] and build cubes 

and blocks [13] the background of this research. 

Related to the discussion above, the researchers 

made an e-module design using canva which is expected 

to be one of the interesting alternative teaching 

materials in accordance with technological 

developments and able to improve students' 

mathematical abilities, especially in the material of 

building prism and pyramid. 

2. METHOD 

The method used in this research is literature study. 

Literature study is a study related to literature collection, 

reading, and taking notes without doing field research 

[14]. The data collection technique used in this research 

is to find the data needed for the manufacture of e-

modules through selected literature such as books and 

journals that have been accredited. 

3. RESULTS AND DISCUSSION 

3.1. Prism and Limas Material E-Modul with 

Malay Islamic Context 

Researchers designed this e-module using the canva 

application. The material used in this e-module is the 

geometry of prism and pyramid which are related to the 

context of Malay Islam. The Malay Islamic context used 

by the researcher is the grand mosque located in the 

center of Palembang, South Sumatra. In the presentation 

of this e-module, the context of prism and pyramid is 

associated with the architectural form of the great 

mosque both on the minaret and on the roof of the 

mosque as shown in Figure 1 and Figure 2. 

 

Figure 1 The roof of the great mosque 

 

Figure 2 Minaret of the great mosque 

The delivery of material in this e-module is in the 

form of writing and videos that are packaged as 

attractively and eye-catching as possible to attract 

students interest in learning mathematics. In addition, 

this e-module is also equipped with sample questions 

and practice questions at the end so that it can be used 

as a measuring tool for student evaluation and 

measuring the extent to which students understand the 

material. 

3.2. E-Module Design Using Canva to Improve 

Students' Mathematical Ability 

This e-module is designed using the canva 

application or through the canva website which can be 

accessed via a smartphone, tablet, or laptop. 

1. Designing the cover page of the e-module 

containing the title of the material discussed in the 

e-module and the name of the author of the e-

module. On the cover page, the researcher added an 

illustration to attract students attention to read the 

module. Researchers also chose interesting and 

bright color combinations such as purple, yellow 

and white. This e-module is A4 document size. 

Here the author uses the elements, text, and style 

features found on the left side of the canva 

application display. 

 

Figure 3 E-module cover design 

2. Designing the background on the paper used to 

make the e-module using a purple background. To 

be able to change the background, use the 

background feature on the left and then add an 

orange arrow line in the element feature. Apart 
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from arrows, there are still many interesting 

elements that can be used in e-module. 

 

Figure 4 E-module background design 

3. Then, make an introduction to the e-module which 

consists of instructions for use as in Figure 5, a 

concept map like Figure 6 so that students know 

the learning flow, and Figure 7 which contains core 

competencies and basic competencies that students 

can achieve when learning to use this e-module. 

 

Figure 6 Instruction of use 

 

Figure 7 Concept Map 

 

Figure 8 Core competencies and basic competencies 

4. The e-module designed on canva contains material 

on the flat sides of cubes and blocks. In the 

explanation, it uses the context of Malay Islam in 

South Sumatra, namely the Great Mosque. The 

architecture of the Great Mosque building has 

prism elements as in Figure 9 and has pyramid 

elements in Figure 10. 

 

Figure 9 Prism Material 

 

Figure 10 Pyramid Material 

5. Embed learning videos so that students do not feel 

bored reading the writings and so that students are 

able to understand the material better by playing 

videos that can be repeated. How to input videos 

using the embeds feature found in canva. 
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Figure 11 Add interactive videos 

6. To improve students’ mathematical abilities, this e-

module provides example questions and their 

solutions such as figure 12 and provides practice 

questions that are connected to the google form in 

figure 13 so that when they finish working on the 

questions, they can immediately find out the 

correct answer and the score they got learn. 

 

Figure 12 Sample questions and answers 

 

Figure 13 Exercise 

7. After the e-module design is complete, the last step 

is to publish the e-module by clicking the share 

option in the top right corner of canva, then 

clicking and copying the link, the e-module is 

ready to be shared. 

 

Figure 14 Publishing E-Module 

5. CONCLUSION 

Based on the design of the e-module, it can be 

concluded that the e-module designed is very practical 

and efficient to use. In addition, interactive videos and 

practice questions in the e-module also help to improve 

students mathematical abilities. This e-module can be an 

alternative media for teachers in providing mathematics 

subject matter to students. 
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ABSTRACT 

This article discusses the design of e-modules using software to understand the concept of learning mathematics. The 

software used is the Canva application. This application is efficient because it can be accessed via digital devices such 

as a PC or mobile phone and has a beautiful design to support the e-modules it creates. The material that will be 

applied in this e-module is the conical and spherical curved side space using the context of Malay Islam in the 

province of South Sumatra as the object of the context. The type of method used is library research. The purpose of 

this method is to understand how mathematical concepts can be instilled in students through digital illustrations such 

as embedding images, audio, and learning videos. The results will be in a canva based e-module for students and as a 

teacher's guide in teaching. 

Keywords: E-Module; Canva; Conical and Spherical Curved; Understand Mathematical Concept 

1. INTRODUCTION 

The development of science and technology is now 

developing very rapidly.  The rapid development of 

information technology today has changed traditional 

learning models and switched to learning using 

digitalization [1]. The existence of such changes, 

meaning that all components of learning are required to 

have changes in how educators present material, utilize 

technology and other aspects.  Teacher is required to be 

able to develop digital-based learning media that can be 

used by students wherever they are.  One of the media 

development can be done by providing innovation 

through teaching materials [2].  

Please note together, teaching materials is a material 

delivery media equipped with videos, animations, 

pictures, and other learning support media including 

quality teaching materials. This teaching material is 

certainly very suitable for learning which is often 

considered difficult for students. Therefore, the author's 

expectations, especially for educators or teachers, are to 

help students understand mathematics lessons through 

innovations provided from teaching materials [3]. 

Printed teaching materials consist of books, handouts, 

modules, and student activity sheets while non-printed 

teaching materials consist of hearing teaching materials 

(audio), hearing views (audio visual), and iteractive 

(multimedia) both forms of teaching materials have the 

same benefits, except that the form of delivery is 

different. One of the applications of teaching materials 

used in this study includes non-printed teaching 

materials of the interactive type (multimedia) where the 

teaching materials have a combination of audio, 

graphics, images, animations, and videos as well as 

electronic-based learning models. Therefore, we will 

use e-module teaching materials [4]. 

E-Module is an electronic-based module that is 

presented with a learning display containing material, 

images, and videos. Of course, the e-module makes it 

easier for students to understand the material, because 

students will be more interested, empathetic and 

motivated to learn with an interactive module design. 

One of the software that can be used to develop 

electronic modules is Canva. One of the online graphic 

design programs that provides a variety of design 

features such as percentages, resumes, posters, 

pamphlets, brousurs, graphics, books [5]. Canva is also 

very actively used because there is no need to download 

it first and can be used immediately by having various 

advantages so that this software is one of the 

recommendations for educators as a medium for helpers 

in teaching materials in today's digital era [6].  

In the canva design, the author will use the Malay 

Islamic context which will be applied directly to the 

material to build space. The reason researchers use the 
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Malay Islamic context is because it is to be able to 

represent the building of the curved side space of the 

cone and half a sphere. This context was raised intended 

to provide opportunities for students to think broadly 

and open their horizons of thought related to the 

exploration of local wisdom which of course has the 

nuances of Malay Islam in South Sumatra, especially in 

the city of Palembang.  Therefore, through the 

development of the Canva-based e-module using the 

Malay Islamic context in South Sumatra on the basis of 

the purpose and purpose of knowing the extent of the 

development of a valid e-module in the construction of a 

conical and half-spherical curved side space and the 

need to embed mathematical concepts in the 

construction of the curved side space of the cone and 

half-sphere. So the author raised the title "Designing an 

E-Module to Build a Cone and Half-Ball Space based 

on Canva with a Malay Islamic Context". 

2. RESEARCH PERIOD 

The research method used is a library research 

method.  This research activity is carried out by 

collecting various information and data with the help of 

various kinds of information such as reference books, 

relevant previous research results such as articles, notes, 

and various journals related to the problem to be solved. 

This means that this research is from a collection of 

library materials without having to do field research [7].  

3. RESULTS AND DISCUSSION 

3.1. Build a Curved Side Room Using the 

Malay Islamic Context 

Build a curved side room is a space that has a 

blanket and a part that is arch-shaped. Build the curved 

side chamber used by the researcher, which is to build a 

cone and half-spherical chamber. In this paper, we will 

discuss how to design an e-module with material to 

build a curved side room using the Malay Islamic 

context. The Malay Islamic context that will be 

discussed is in the form of ornaments or building 

architecture, which are directly related to the Malay 

Islamic context and contain forms according to the 

material to be discussed.  Fdisplacement of ornaments is 

as a way to decorate objects or items to become more 

valuable, beautiful, and meaningful so that they have a 

close relationship with aesthetics in human life [8]. In 

addition, malay architecture can be seen from the carved 

motifs with plant motifs. 

In this study, the conical arch side room was built 

with the Great Mosque of Palembang on the ornament 

of the tip of the minaret pole of the upper mosque which 

was in the shape of a golden yellow cone while to build 

a half-spherical curved side room researchers used the 

Dome of the South Sumatra Hajj Dormitory Mosque 

which is a destination where the Pilgrims of Hajj / 

Umrah before being dispatched to the holy land as a 

training place. The following is a picture of the Malay 

Islamic context applied to the material: 

1. The object of building a conical curved side room 

with a Malay Islamic context researcher took the roof 

of the minaret of the Great Mosque of Palembang, 

we know that the roof is cone-shaped with a golden 

yellow color which is a characteristic malay color, as 

shown below. 

 

 

 

 

 

 

 

Figure 1. Roof of the Minaret of the Great 

Mosque 

2. For the next object, build a space on the curved 

side of the ball, but the researcher took the 

object of half a ball, namely on the dome of the 

Palembang Hajj Dormitory, it is known that the 

kubaj is the place where pilgrims before being 

dispatched to the holy land of Makkah held 

training first at the Hajj Dormitory. The 

following is the dome ornament of the 

Palembang Hajj Dormitory which has the 

ancestral value of Islamic culture in South 

Sumatra below. 

 

 

 

 

 

 

          Figure 2.  Palembang Hajj Dormitory 

 

 

 

 

 

           Figure 3.  Dome of Hajj Dormitory Mosque 
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This Hajj Dormitory is a stopover place for 

prospective hajj before leaving for the holy land 

for the hajj. For five days before departure, 

prospective hajj will be equipped with knowledge 

related to the hajj process with complete facilities 

such as rooms, food and others. The hajj dormitory 

if we look at it from the name is generally intended 

as a location for overnight stays and the last 

inspection of prospective pilgrims before leaving 

for the Holy Land of Makkah. However, unlike 

most hajj dormitories, hajj dormitories in 

Palembang today have also been developed as 

religious tourist attractions, complete with 

facilities such as lodging. Important information, 

please note together that the Palembang Hajj 

Dormitory is located at Jalan Letjen Harun Sohar, 

Kebun Bunga, Sukarami, Palembang. You can 

reach this building after traveling about 54 minutes 

drive from Banyuasin. Meanwhile, if tourists 

depart from Pasar 16 Ilir, Palembang, just drive 

about half an hour to be able to arrive at the 

Palembang Hajj Dormitory. 

3.2. Designing E-Modules for Understanding 

Mathematical Concepts 

The E-Module of the material builds the curved 

side chambers of the cone and half the spheres are 

designed using canva. In the material section, it is 

presented using the context of South Sumatran Malay 

Islam. The delivery of material in this e-module is in 

the form of text and video then students will be given 

questions as an evaluation. It aims to train students' 

mathematical reasoning skills. Mathematical reasoning 

ability is an activity of logical thinking to draw 

conclusions from existing problems. Indicators of 

mathematical reasoning ability include: 

1) Presenting Mathematical Statements Orally, in 

writing, drawings, diagrams 

2) Perform mathematical manipulations 

3) Pulling solutions 

4) Drawing conclusions from the statement 

5) Examining the validity of an argument 

6) Determining the pattern or nature of mathematical 

symptoms to make generalizations [9] 

 

3.3. Designing the E-Module using 

      Canva App 
The following is the algorithm for creating E-Modules 

using the Canva Application, namely: 

1. The creation of the front cover page of the e-module 

uses canva, the front cover page is designed to show 

the material that will be discussed on the e-module. 

the cone and half-ball images on the cover page 

show the subject matter. And on the front there is a 

picture of the great mosque which is the object of 

the Malay Islamic context in South Sumatra. To add 

a cone and half-ball image use the element feature 

on the left, then enter the keywords to be searched 

for at the top. Select the image to be used next to 

add the author name and also the title on the e-

module can use the text feature. 

 

                        Figure 4.  Front Page Creation 

2. Designing the Background on the paper used to 

create the e-module using a yellow background. To 

be able to change the background, use the 

background feature on the left and then add a yellow 

arrow line contained in the element feature. For part 

of the page using the circle contained in the element. 
 

 
                  Figure 5.  Background Design 

 

3. The E-module designed on the canva contains the 

construct matter of the curved side chambers of the 

cone and half-spheres. In the explanation, there is a 

malay Islamic context in South Sumatra. One 

example is the explanation of the cone and half-ball 

where in the architectural part of the building of the 

Great Mosque of Palembang on the ornamentation 

of the end of the minaret on the roof is cone-shaped 

and the Dome of the Masdjid dormitory is in the 

form of a Half-Ball. 
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                          Figure 6. Conical Matter 

 

                     Figure 7. Half Ball Material     

4. Embed videos on e-modules to train students' 

mathematical reasoning skills. The video is uploaded 

on the material page to which the video will be added. 

The feature used in embedding a video is embed, so 

to add a video click the embed feature, then add a 

video or you can also add a video from a youtube 

link. 

      

          Figure 8.  Embedded pages  with videos 

5. Furthermore, to measure students' mathematical 

reasoning ability, namely making evaluations 

through quizzes and practice description questions 

on the e-module. The questions are designed using 

indicators of students' mathematical reasoning 

ability in the material to build the curved side space 

of the cone and half-sphere. 

     
Figure 9.   Mathematical Reasoning Quiz 

Figure 10.  The Question of Mathematical   

Reasoning  Description 

6. After the e-module is completed, the next step is to 

publish the e-module. To publish the e-module click 

the three dots at the top right, click the share link 

section, then copy the link and share it. 

 
Figure 11.  The Process of Publishing E-

Modules 

Figure 12.  Process download 

4. CONCLUSIONS 

Based on the design of the e-module of the material 

to build the curved side chamber of the cone and half a 

sphere, it can be concluded that: 

ISSN 2985-5721

Proceeding of International Conference of Education, Sciences, Technology, Engineering, & Mathematics



  

195 

 

1. E-module designed using applications are very 

practical and efficiently used in learning by 

teachers and learners. 

2. Students will better understand the learning 

material by using videos and materials using the 

Malay Islamic context so that they can measure the 

level of mathematical reasoning ability of students. 
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ABSTRACT 

This article discusses the design of a Canva-based e-module, which is an online graphic design application for 

improving the mathematical reasoning ability of mathematics learners. This design uses the Canva application. Canva 

is an online application that is very easy to use because it can be accessed anytime and anywhere without having to 

save the file first. The material that will be applied to this e-module is a cube and beam space using the Malay Islamic 

context in South Sumatera.. The purpose of this e-module is to improve and train students' mathematical reasoning 

skills through material displayed in digital illustrations such as concrete images, clear audio, and engaging learning 

videos.  

Keywords : E-Module; Canva;  Cube and Beam; Mathematical Abilities.

1. INTRODUCTION 

The development of science and technology is 

highly correlated with innovation in the world of 

education today. Education is the basis for making 

changes and updates in the field of technology in 

accordance with the guidance of the development of 

science and technology (IPTEK) [1]. Based in this, 

education which is closely related to science and 

technology needs to change the digitalization learning 

model.  

In the learning process, the teacher is an important 

facilitator for students. The success of the student 

learning process is determined by how the teacher 

provides learning with an attractive system and the use 

of existing technological developments. Teachers need 

to develop digital technology-based teaching materials 

to replace traditional learning towards future learning 

that is accordance with the relevance of the current 

curriculum [2]. The digital-based teaching materials can 

be in the form of learning media using the latest 

technology.  

Regarding mathematics today, education must be 

carried out as well as possible to get maximum results. 

A mathematics teacher must try to reduce or even 

eliminate the abstract nature of the object mathematical 

study to make it easier for students to capture or 

understand mathematics lessons at school [3]. Bad 

perceptions about mathematics must be eliminated so 

that the level of understanding of mathematics does not 

decrease. Understanding concepts is one of the 

important goals in learning mathematics to help students 

understand, recognize, and be able to re-express the 

material that has been conveyed, not just memorize 

formulas or sentences that have been given by the 

teacher or existing reading sources. The ability to 

understand is one of the important goals in learning 

mathematics because what is learned is not 

memorization but concepts that students can understand 

[4]. For this reason, creative and interactive teaching 

materials are needed that can improve students' 

mathematical reasoning abilities by developing e-

module learning media teaching materials.  

An e-module is an electronic version of a module 

that has been printed and can be read on a computer or 

electronic book reader and designed with the required 

software [5]. An e-module is an electronic module that 

utilizes digitalization technology. The e-module used 

can display interesting pictures, text material, as well as 

audio and video that can be opened anytime and 

anywhere. The use of teaching materials combined with 

the role of technology in the form of e-modules can 

have a positive impact on the use of gadgets by students.  

The development of this e-module uses the Canva 

application and Canva website. Canva is an application 

that is free and paid-based online and can be used to 

design learning media with several available templates 

[6]. The use of Canva, which is easy to use for anyone 
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makes this application able to create interactive learning 

media and attract attention through a creative and fun 

display. This application can contain quizzes, pictures, 

and videos that can support learning mathematics. The 

material developed in this e-module is cube and beam 

space using the context of Malay Islam in South 

Sumatera.  

Based on the above, the researchers took the title 

“Designing an E-module to Build a Canva Bases Cube 

and Beam Space with A Malay Islamic”. The purpose of 

this research is to improve and train students’ 

mathematical reasoning skills through material 

displayed in digital illustration such as pictures and 

videos related to Malay Islamic Culture and Building in 

South Sumatera.  

2. RESEARCH METHODS 

The method used in this study uses a type of library 

research method. Literature research is a type of 

research that is used to collect in-depth information and 

data by using literature, notebooks, magazines, other 

references, and relevant previous research results to 

obtain a theoretical basis for the problem to be studied 

[7].  Library research is data collection with data 

obtained from reading and taking notes without 

conducting field research. This study uses data sourced 

from journals and books, as well as articles, papers, and 

the like that are library in nature. 

3. RESULTS AND DISCUSSION 

3.1. Cube and Beam Material E-Modul with 

Malay Islamic Context  

Malay Islam influences culture in Palembang in 

several ways, one of which is the architecture nuances 

of Malay can be seen from carving motifs. In addition, 

the Muhammad-shaped motif accompanied by floral or 

other plant motifs is very often found in the traditional 

architecture of buildings in South Sumatera [8].   

This study will use the context of Malay Islam on 

the material of Cube and Beam. The influences of 

Malay Islamic culture can be seen from ornaments on 

historical buildings in South Sumatera. The ornaments 

can be seen from the architecture of the Great Mosque 

of Palembang and the Lawang Kidul Mosque, which are 

relics of Malay Islam. Ornaments that resemble cube 

and beam include the following: 

 

 

 

 

 

  Figure 1 Grand mosque building 

 

 

 

 

 

     Figure 2 The tomb of the sultan agung 

 The picture above is a picture of the tomb of 

the great Sultan of Palembang and one of the buildings 

in the great mosque of Palembang. In the building of the 

great mosque, there are carvings and plant tendrils that 

are characteristic of Malay Islam. In the tomb of the 

great sultan, there are pillars that are connected to form 

a cube space. 

 

 

 

 

 

Figure 3 Charity box of grand mosque 

 

 

 

 

 

 

     Figure 4 Mihrab of Lawang Kidul Mosque 

The picture above is a picture of the Mihrab on the 

Lawang Kidul Mosque building in Palembang from the 

outside and the charity box of the Great Mosque of 

Palembang. The mihrab is in the shape of a beam and 

has an engraving of Muhammad in it. The engraving is 

of a truncated Muhammad, part of the Malay Islamic 

elements. The green and gold charity boxes also have an 

element of colour in Malay Islamic culture. 

3.2. E-Module Design Using Canva to Improve 

Student’s Mathematical Ability 

The e-module for cube and beam building materials 

was designed using Canva. The presentation of cube and 

beam material uses the context of South Sumatran 

Malay Islam. The material in the e-module is delivered 

in the form of text and videos, as well as evaluation 

questions to test students' ability to understand 

mathematical concepts. Indicators of mathematical 

reasoning ability include: 1) orally, in writing, in 

pictures, and in diagrams. 2) Drawing conclusions and 
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gathering evidence, providing reasons or evidence for 

the solution's correctness 3) Draw conclusions from 

statements and examples. 4) Determine the pattern or 

nature of mathematical phenomena [9]. The following 

are the steps for designing an e-module: 

1. Designing an e-module cover page by embedding 

the desired image and elements. The front page is 

designed using pictures related to the material to be 

studied and objects related to cubes and blocks. The 

front page contains the Lawang Kidul Mosque and 

the Palembang Grand Mosque, which have the 

context of the building space in South Sumatran 

Malay Islam. To add an image, use the upload 

feature and click on the image you want to use. In 

addition, the use of elements is also used to make the 

e-module more attractive. Adding elements can be 

done by using the elements feature, then clicking 

search and then writing keywords for the elements 

you want to use. Next, add text; choose font type, 

size, colour, and customize it. 

 

 

 

 

 

 

 

Figure 5 E-module cover design 

 

 

 

 

 

 

 

 

 

      Figure 6 E-Modul Cover  

2. Designing the background on the paper that will be 

used as an e-module. The background uses A4 paper 

size and uses a purple songket image with adjustable 

transparency. Then they added songket elements 

with different shapes and high levels of transparency 

to be placed on the top and bottom of the paper. At 

the bottom of the page, placed on the far right using 

a triangular element. A colour gradation is obtained 

from the gradation of elements with the desired 

colour. To be able to change the background, use the 

background feature on the left and then add the 

yellow arrow contained in the element feature. Then 

for the page section, using the circle contained in the 

element. Then I added a form element as a place for 

the material to be presented. 

 

 

 

 

 

 

 

Figure 7 E-module background design 

3. The next step is make an introduction e-module by 

creating an attractive introduction page. Then write 

down the basics and indicators, instructions for using 

e-modules and concept maps to be studied on cube 

and beam.  

 

 

 

 

 

 

 

Figure 8 Introductory chapter 

 

 

 

 

 

 

 

Figure 9 Instruction of use 
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Figure 10 Concept Map 

 

 

 

 

 

 

 

 

    Figure 11 Basic competencies and indicators 

4. Canva's e-module design contains materials for cube 

and beam. In the explanation section, there is the 

context of Malay Islam in South Sumatra. One 

example is in the presentation section, which 

explains the cube by using the object of the 

Palembang Great Mosque buildings as the structure 

of the cube space. For buildings containing blocks, 

use the charity box objects of the Great Mosque and 

the Lawang Kidul Mosque in Palembang. 

 

 

 

 

 

 

 

Figure 12 Cube Material 

 

Figure 13 Beam Material 

5. Embed interactive videos on e-modules. Learning 

videos can be added using the tools in Canva. By 

clicking the other 3 dots, then search for YouTube. 

Enter the keywords of the video you want to search 

for, then click and add it. 

 

 

 

 

Figure 14 Interactive video cube materials 

 

 

 

 

 

 

 

Figure 15 Interactive video beam materials 

6. Furthermore, to measure students' mathematical 

reasoning abilities, namely by evaluating them 

through simple practice questions and multiple-

choice quizzes on e-modules The questions are 

designed using indicators of students' mathematical 

reasoning abilities on cubes and blocks. Practices 

and quizzes are embedded by adding a website link 

containing a Google form. 

 

 

 

 

 

 

 

Figure 16 quizzes and exercise 

7. After the e-module has been created, the next step is 

to publish the e-module. To publish the e-module, 

click the three dots at the top right. Then click the 

share link section, copy the link, and share it with 

plant motifs on the building.  
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      Figure 17 Publishing E-module 

5. CONCLUTION 

Based on the design of the e-module, it can be 

concluded that the e-module is designed to be very 

practical and efficient to use anytime and anywhere. In 

addition, interactive videos and practice questions in the 

e-module can help students improve their mathematical 

thinking skills. This e-module can be used by teachers 

as an alternative to providing mathematics material that 

is directly related to daily life in the context of Malay 

Islam. 
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ABSTRACT 

Since the students’ online learning experience got worse on the early weeks of semester, this study examined what 

students need on online class, especially on abstract algebra course at UIN Walisongo. In a qualitative research 

approach, 115 mathematics students were questioned in a questionnaire. The interviewees were enrolled in the 3rd and 

5th semesters. They were taking the first or second abstract algebra course. The questionnaire consists of ten questions 

about online course, learning platforms, and learning media that they had ever experienced. Almost 90% of interviewees 

agree that combining synchronous session (online meeting) and asynchronous session (video-assisted learning) was 

interesting, but they still needed more time to discuss the unsolved problems or inexplicable topics. Even though the 

small sample size limits the generalisability of the results, our findings indicate that students need learning method that 

use either synchronous and asynchronous schemes by focusing on guided question-and-answer session. 

Keywords: online course; abstract algebra; synchronous; asynchronous. 

1. INTRODUCTION 
 

The Covid-19 pandemic currently occurring has 

greatly affected the mobility of all human activities, 

including activities in education. According to the 

circular issued by the Minister of Education and Culture 

Number 3 of 2020 concerning the Prevention of Covid-

19 in the Education Unit and Number 36962 / MPK.A / 

HK / 2020 concerning online learning. Educators are 

expected to present a fun learning process for students. 
According to Lin et al., (2017) one prominent challenge 

of online learning is how to help students learn 

autonomously, persistently and actively. 

The applications in online learning that are 

used by lecturers and students are different from 
each place. Online teaching carried out at various 

universities is required to quickly adapt to the 

various applications offered, including the zoom 

application (Fauzi & Khusuma, 2020). Online 
learning platforms have a knowledge 

recommendation system. When learners search for 

a certain course, the system will automatically 
recommend similar courses so that learners have 

more personalized choices (Zhang & Qin, 2018). 

According to Dewi (2020) interaction in 
learning can use applications such as classroom, 

video converence, telephone or live chat, zoom or 

through whatsapp groups. Learning in this way is 

one of the educational innovations in response to the 
challenges of the availability of varied learning 

resources (Manullang et al., 2020). According to 

him, a model and learning media will be 
successfully determined by the characteristics of the 

participants being taught. However, according to 

(Hasri et al., 2019) if the learning media is less 

varied students will easily get bored and not pay 
attention. Lack of attention from students makes 

learning ineffective and hampered. 

In fact, (Kusnayat et al., 2020) in Indonesian 
universities in particular feel that they are not ready 

to use learning technology with online system. 

Moreover, with the implementation of this online 
learning system, it was found several cases 

including students who were mentally disturbed, 

stressed and unable to follow the learning process 

properly. Of course, this case is a problem that must 
be studied and explored again. 

Corona virus Diseases 2019 (COVID-19) is a 

new type of disease that has never been identified 
before in humans. Common signs and symptoms of 

COVID-19 infection include symptoms of acute 
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respiratory problems such as fever, cough and 
shortness of breath. The average incubation period 

is 5- 6 days with the longest incubation period of 14 

days (Dewi, 2020). The COVID-19 outbreak was 

first detected in Wuhan City, Hubei Province, China 
in December 2019, and was designated a pandemic 

by the World Health Organization (WHO).  

Team Leader Expert Team for the 
Acceleration of Covid-19 Handling Wiku 

Adisasmita (Suprabowo, 2020), explained that new 

normal is a change in behavior to keep running 
normal activities but by implementing health 

protocols with the aim of preventing the 

transmission of Covid-19. This condition forces 

people to behave with new habits of adopting a 
clean and healthy lifestyle, wearing a mask when 

leaving the house, and always washing their hands. 

All community activities must reduce physical 
contact with other people, avoid crowds, as well as 

work and study from home.  

Perception is the stage of knowing the 
environment including objects, people, and symbols 

or signs that involve the process of recognition 

(Hermawan & Tyas, 2018). Meanwhile, Baity 

(Hermawan & Tyas, 2018) states that perception is 
the initial process of an individual in interpreting 

sensory impressions in order to give meaning to 

their environment. This shows that perception is a 
person's response to what they receive with their 

surroundings, but basically this is likely to be 

different from reality.  

According to Retnoningsih (2017) online 
learning is a learning process that is facilitated and 

supported by utilizing information and 

communication technology. Furthermore Saifuddin 
(2017) states that online learning is distance 

learning that connects students with their learning 

resources using the internet physically separately 
but can communicate and interact with each other. 

Learning with this method, both students or teachers 

can send and access subject matter widely from 

various sources so as to increase interactivity and 
learning efficiency. Nevertheless, there were many 

more reactions shown by students with changes in 

face-to-face learning methods to online. 
 Among them are related to short learning 

times, increasing tasks, unused quotas, and hostile 

signal conditions. In addition, the online learning 
process that is currently being implemented is an 

impromptu system that requires students' ability to 

master technology and use it properly. On the other 

hand, there are also students who live in remote 
areas and even in mountainous areas with limited 

infrastructure and other supporting capacities which 

further widen the digital divide.  

Based on this, the purpose of this study is to 
determine student perceptions related to the online 

learning system, both in the form of student 

readiness, mastery of technology, and other 

constraints experienced by students while 
implementing this learning. The benefits of this 

research are to become a reference material for 

readers as well as an evaluation material that can 
immediately find solutions to minimize the 

problems faced by students while using this online 

learning system. So that in the future online learning 
will be even better and learning outcomes can be 

achieved maximally. 

 

2. METHOD 
 

This study examined what students need on 

online class qualitatively, especially on abstract 

algebra course at UIN Walisongo. In a qualitative 
research approach, 115 mathematics students were 

questioned in a questionnaire. The interviewees 

were enrolled in the 3rd and 5th semesters. They 

were taking the first or second abstract algebra 
course. The questionnaire consists of ten questions 

about online course, learning platforms, and 

learning media that they had ever experienced. 
The data were analyzed based on each 

questionnaire statements. The data were analyzed 

using descriptive statistics to determine the 

percentage of each questionnaire item.  
 

3. FINDING 
 

More than half of the total respondents stated 

that during the g-meet/zoom session, they did not 
really listen to the lecturer's explanation in full. A 

quarter of the total student respondents admitted to 

listening to the material while eating snacks and 
occasionally checking social media and about a 

quarter of the others admitted to listening while 

lying down and thought that the material could later 

be read again from the slides in the lecturer section 
(Figure 1). 
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Figure 1. Pie Chart of 1st Question 

 

 
Figure 2. Pie Chart of 2nd Question 

 

 

 
Figure 3. Pie Chart of 3rd Question 

 

There are more or less 70% of students who 
agree that the g-meet/zoom session with the lecturer 

only discusses material that has not been understood 

or only discusses examples of questions and their 

explanations. Only 30% of students agreed that the 
g-meet/zoom session was carried out in full to 

explain the material from beginning to end (Figure  

Almost of the total respondents feel happy 

when the lecturer distributes material in the form of 
videos. (Figure 3) 

 
Figure 4. Pie Chart of 4th Question 

 

Almost 60% of the total respondents think 

that watching learning videos from lecturers is fun 
because they are flexible, they can be watched 

anytime. (Figure 4) 

 
Figure 5. Pie Chart of 5th Question 
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Figure 6. Pie Chart of 6th Question 

 

Furthermore, in addition to the material 

distributed by the lecturers, the students (more than 
80%) try to find support for other materials, be it 

from googling or watching youtube. (Figure 5) 

 
From the point of view of giving discussion 

assignments by lecturers, more than half of the total 

respondents stated that they continued to discuss as 
much as possible even though sometimes they had 

to continue their discussion sessions outside of 

lecture hours. (Figure 6) 

 

 
Figure 7. Pie Chart of 7th Question 

 

Regarding the video explanation of the 
material delivered by the lecturer, almost 60% of 

respondents thought that the video explanation of 

the material was very good with complete 

explanations and lots of examples, although there 
were around 40% of respondents who provided 

reinforcement that the quality of video content 

needed to be improved. (Figure 7) 

 
Figure 8. Pie Chart of 8th Question 

 

 

 
Figure 9. Pie Chart of 9th Question 

 

Judging from the quality of the videos 
distributed by the lecturers, half of the respondents 

agree that the video size is still standard although 
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the quality is not too good. Meanwhile, more than a 
quarter of other respondents still think that the video 

size is still too large so that their internet quota runs 

out quickly. (Figure 8) 

Almost 90% of the total respondents agree 
that learning that combines learning videos and g-

meet/zoom sessions is fun, although with a little 

anxiety about assignments or online discussions 
which are considered a bit inconvenient. (Figure 9) 

 

 
Figure 10. Pie Chart of 10th Question 

 

Approximately 40% of respondents agree 
that the g-meet/zoom session does not need to be 

done regularly, the important thing is that learning 

videos are provided for each meeting, while about 

40% of the others are happy with the learning 
method that provides videos to watch and at the 

same time there are sessions g-meet/zoom for each 

material to discuss content that has not been 
understood. (Figure 10) 

From the questionnaire, we can get brief 

conclution. Students need a lecture scheme that 
combines the availability of learning videos and g-

meet/zoom sessions in the lecture schedule to 

discuss materials that have not been understood or 

discuss examples of questions and exercises. 
Almost 90% of interviewees agree that 

combining synchronous session (online meeting) 

and asynchronous session (video-assisted learning) 
was interesting, but they still needed more time to 

discuss the unsolved problems or inexplicable 

topics.  
Even though the small sample size limits the 

generalisability of the results, our findings indicate 

that students need learning method that use either 

synchronous and asynchronous schemes by 
focusing on guided question-and-answer session. 

4. CONCLUTION 
 

Do we have a good learning scheme for this? 
One alternative learning method that can be used is 

Flipped Classroom or also commonly called reverse 

learning. Flipped Classroom (FC) is learning whose 
idea is to convert instructions that are usually 

carried out in class into video form to be watched 

before class takes place (Tucker, 2012).  

Due to regulations that limit emergency 
community activities amid the Covid-19 pandemic, 

face-to-face lectures cannot be carried out. As a 

result, adjustments need to be made to the FC 
learning practices. The Flipped Classroom Online 

scheme, also known as online reverse learning, 

replaces in-person classroom activities with online 

activities without compromising the quality or 
substance of the material or assignments. 

Face-to-face sessions in FC learning are used 

as a means of student/student activity to discuss or 
complete assignments or projects that are guided 

and facilitated by teachers/lecturers. The practice of 

reversing this class has actually been done for a long 
time. The term reverse learning emerged later 

(Green et al, 2016). This learning method is thought 

to be the choice of educators to increase student 

activity, which is expected to have a positive impact 
on learning outcomes. 

Below, we present the online reverse learning 

scheme in detail, outlining the steps students will 
take to engage with the material and outlining the 

resources available to support their learning. 

Prior to the implementation of online face-to-
face learning schedules, the lecturer has prepared 

video explanations of the course material, which 

have been uploaded for students to download and 

watch. While viewing the learning videos, students 
are expected to take notes on important points 

related to the material being presented. 

Additionally, students may search for and read 
additional references obtained from sources 

provided by the lecturer or from sources freely 

available on the internet. After viewing the videos, 

students engage in self-reflection related to the 
material presented. If there are concepts that are not 

fully understood, students record them to be 

discussed in lecture sessions. 
During scheduled classes, both lecturers and 

students engage in synchronous learning using 

online-meeting applications such as Google Meet or 
Zoom. Firstly, the lecturer provides a brief review 

of the material covered in the previously shared 

video. Then, students engage in discussions 

regarding any aspects of the material they did not 
understand. Additionally, lecturers can take 
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advantag e of group assignments at the beginning of 

the lecture to increase student activity and allow 

them to work on assignments or activity sheets 
related to the material. Lecturers can prepare several 

breakout rooms to facilitate group discussions. 

Towards the end of the class schedule, lecturers and 
students discuss assignments, discussion materials, 

or projects that were worked on together in groups. 

Finally, the lecturer provides a recap of the material 

covered and feedback on the students' activities 
during the lecture. 

After the g-meet/zoom sessions, students 

reflect on the results of their activities and continue 
with independent learning without additional 

assignments from the lecturer. They also prepare to 

review the learning video again in preparation for 
the next session. 

As a further recommendation, we still need an 

experimental research or other quantitative research 

to figure out about the effectivity of this method on 
online class (either on online class or offline ones). 
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ABSTRACT
 

This research is motivated by the existence of learning problems faced by students of class X MIPA at MA Silahul 

Ulum Pati on the material of the Three Variable Linear Equation System (SPLTV), namely learning motivation and 

problem solving abilities are still low. The purpose of this study was to determine the effectiveness of the Missouri 

Mathematics Project with the help of Student Worksheets (LKPD) on learning motivation and problem-solving skills 

in the Three Variable Linear Equation System (SPLTV) material. This research is a type of quantitative research with 

a quasi-experimental method (quasi-experimental). The design in this study is the Noneequivalent Control Group 

pretest-posttest design. The population in this study were all students of class X Mipa MA Silahul Ulum Pati in the 

2021/2022 academic year. Because it consists of two classes, namely class X Mipa 1 and X Mipa 2, the sampling 

technique used is saturated sampling. Based on the results of data analysis, the average learning motivation of students 

in the experimental class was 67.25 and the control class was 59.69, while the average problem solving ability of 

students in the experimental class was 62.69 and the control class was 53.56. There is an average learning motivation 

and problem solving ability of students in the experimental class which is better than the average in the control class. 

So it can be concluded that the use of the Missouri Mathematics Project learning model is effective on learning 

motivation and problem solving abilities of students in class X MA Silahul Ulum Pati on the material of the three-

variable linear equation system (SPLTV). 

Keywords: Learning motivation; Missouri Mathematics Project; Problem Solving; SPLTV. 

1. INTRODUCTION 

Education is all efforts made by the government 

with the aim of preparing students for the future 

through teaching, counseling, and training activities 

that occur both inside and outside the school so that 

they are able and appropriate to play their 

responsibilities in a diverse environment [1]. The 

basic concept of education as a branch of science must 

contain a curriculum that can develop the potential, 

critical thinking and skills of students, namely through 

the field of mathematics studies. Mathematics is a 

scientific discipline which includes the ability to 

count, logically, and think because it is the basis for 

other sciences [2]. The purpose of learning 

mathematics in schools is to instill curiosity in 

students, not to give up easily, interest in learning, and 

have self-confidence so that they do not depend on 

others in problem solving [3]. However, in learning 

mathematics, not all students are easy to master 

because the majority of students already assume that 

learning mathematics from elementary school to 

college is difficult. 

Based on the results of observations that have been 

made, one of which is in MA Silahul Ulum Pati there 

are problems with students during the teaching and 

learning process due to several things, namely: 1) 

Teachers still apply the lecture method in 2013 

curriculum learning; 2) less variety of learning models 

applied by teachers ; 3) teachers pay less attention to 

appropriate mathematics learning strategies. Besides, 

it can be seen from the activities of students who get 

bored quickly when listening to the teacher's 

explanation. Then the students also showed a lack of 

interest in the material presented by the teacher. Thus 

providing motivation is important for students to 
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create self-awareness about their position at the 

beginning, during the process, and at the end of 

learning activities [4]. The existence of motivation can 

be used to assess the level of learning reinforcement of 

students when faced with problems that must be 

solved [5]. 

However, the ability of students at MA Silahul 

Ulum Pati in solving problems is still relatively low. 

This is supported by Bulawi's statement as a 

mathematics teacher for class X MA Silahul Ulum 

Pati. When students are given practice in the form of 

story questions, they have difficulty writing down 

what information they already know and the problems 

caused by the question. Students are still not correct in 

naming variables and making mathematical models 

for the problems they are working on. Students also do 

not understand the material concept of a three-variable 

system of linear equations. Besides, students often 

have difficulty in the process of algebraic calculations 

so that the solution becomes less precise. Then at the 

end of working on the problem, most students did not 

re-examine the answer and did not give a conclusion 

from the problem. 

Based on the problems that have been described, it 

is necessary to choose an appropriate learning model, 

namely the Missouri Mathematics Project . Missouri 

Mathematics Project is a structured learning model. 

Students are given the ability to think freely and solve 

problems in groups related to the learning content that 

has been obtained in this MMP learning model [6 ]. 

Students are also given a Student Worksheet (LKPD) 

to help them find mathematical ideas so that they can 

understand the discovery process . 

2. METHOD 

This research uses a quasi-experimental method ( 

quasi-experimental ) with a Noneequivalent Control 

Group design pretest-posttest Design on the variable 

problem-solving ability and posttest only control 

design on the variable of learning motivation. The 

implementation of this research in MA Silahul Ulum 

Pati. The population in this study were all students of 

class X Mipa MA Silahul Ulum Pati in the 2021/2022 

academic year. The sampling technique used was the 

Saturated Sampling technique . The sample used in 

this study were all students of class X MIPA MA 

Silahul Ulum Pati, namely class X MIPA 1 and X 

MIPA 2. The data collection instruments in this study 

were tests and questionnaires. The test given before 

the treatment is applied is called the pretest while the 

posttest is given after the treatment to measure the 

level of students' problem solving abilities. 

Data analysis techniques used in this study in the 

early stages of problem solving skills using normality 

test, homogeneity test, and average similarity test. 

While at the final stage of problem solving ability and 

learning motivation using normality test, homogeneity 

test, and average difference test. 

3. RESULTS AND DISCUSSION 

3.1 Research result 

Before the experimental class and the control class 

were given treatment, an initial data analysis was 

carried out. The aim is to see whether the data to be 

used in the study originates from the same conditions 

or not. The data used is the pretest value of the 

problem-solving ability of the experimental class and 

the control class. The initial data analysis is divided 

into three stages, namely: 

3.1.1. Normality Test of Pretest Data for 

Experiment Class and Control Class 

Table 1. Normality Test Results of Early Stage 

Problem-Solving Ability 

Class Average L 0 L table Information 

Experiment 61.91 0.1012 0.156 Normal 

Control 56.28 0.0909 0.156 Normal 

 

Based on Table 1, it is known that L 0 < L table so 

that H 0 is accepted, which means that the initial data 

for classes X MIPA 1 and X MIPA 2 are normally 

distributed. 

3.1.2. Test of Homogeneity of Pretest Data for 

Experiment Class and Control Class 

Table 2. Results of Homogeneity Test of Early 

Stage Problem-Solving Ability 

 

Based on Table 2 it can be seen that F count  F table . 

This means that the two classes are homogeneous 

(same). 
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3.1.3. The Similarity Test of the Average 

Pretest Data for the Experimental Class and 

the Control Class 

Table 3. Results of the Average Similarity Test 

of Early Stage Problem-Solving Ability 

 

Based on Table 3 it can be concluded that H0 is 

accepted and H1 is rejected, which means that the 

average problem-solving ability of the experimental 

class and the control class is the same . 

After the treatment was given to the experimental 

and control classes, the final stage of data analysis was 

then carried out. The data used is the post-test value of 

problem solving ability. The analysis tests at this stage 

include:  

3.1.4. Posttest Data Normality Test for 

Experiment Class and Control Class 

Table 4. Normality Test Results of Final Stage 

Problem-Solving Ability 

 

Based on Table 4. it can be seen that L 0 < L table so 

that H 0 is accepted, which means that the final data 

for the two classes are normally distributed.  

3.1.5. Test of Homogeneity of Posttest Data 

for Experiment Class and Control 

Class 

Table 5. Result of Homogeneity Test of Final Stage 

Problem Solving Ability 

 

Based on Table 5 it can be seen that F count  F table . 

This means that the two classes are homogeneous 

(same). 

3.1.6. Test the difference in the average 

posttest data for the experimental class 

and the control class 

Table 6. Similarity Test Results of the Final 

Stage of Problem Solving Ability 

 

Based on Table 6 it can be seen that t count (2.281) 

  t table (1,67) then H 1 accepted and H o rejected. The 

conclusion is that the average problem solving ability 

of the experimental class students who use the 

Missouri Mathematics Project (MMP) learning model 

is better than the control class. 

After testing the data analysis of problem-solving 

abilities, the next step is to test the analysis of learning 

motivation. The data used in the analysis of learning 

motivation was obtained from the results of 

questionnaires distributed to students in the 

experimental class and the control class. The analysis 

test of this stage is divided into three: 

3.1.7. Normality Test of Learning Motivation 

Questionnaire for Experiment Class 

and Control Class 

Table 7. Normality Test Results of Learning 

Motivation Questionnaire 

 

Based on Table 7. it can be seen that L 0 < L table so 

that H 0 is accepted, which means that the final data 

for the two classes are normally distributed.  

3.1.8. Homogeneity Test of Learning 

Motivation Questionnaire for 

Experiment Class and Control Class 

Table 8. Homogeneity Test Results of Learning 

Motivation Questionnaire 
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Based on Table 8 it can be seen that F count  F table . 

This means that the two classes are homogeneous 

(same). 

3.1.9. Test the Difference in Average 

Learning Motivation Questionnaire for 

Experiment Class and Control Class 

Table 9. Results of t-test of Learning Motivation 

Questionnaire 

 

Based on Table 6 it can be seen that t count (3.025) 

  t table (1,67) then H 1 accepted and H o rejected. The 

conclusion is that the learning motivation of the 

experimental class is better than the motivation of the 

control class. 

3.2. Discussion 

Based on the research data that has been obtained, 

it is known that the Missouri Mathematics Project 

learning model is effective on the learning motivation 

of students in class X MIPA MA Silahul Ulum Pati. 

This can be seen from the final data calculation which 

shows that the experimental class's learning 

motivation is better than the control class's learning 

motivation. When learning activities take place, 

students are given the opportunity to be more active 

than the teacher. Students are also expected to be able 

to study together with their groups, which if anyone 

finds it difficult they can help each other so that it is 

easier for their learning activities. As a result, the 

motivation of students to learn will appear by itself. 

The application of the Missouri Mathematics 

Project (MMP) learning model is effective on the 

problem-solving abilities of students in class X MA 

Silahul Ulum Pati material on Three Variable Linear 

Equation Systems (SPLTV). This can be seen from the 

calculation of the final stage of data which shows that 

the average problem-solving ability test results of 

students in the experimental class are higher than the 

control class. Through this MMP learning model, 

students are given the opportunity to be more active 

than during the learning activities. Students are also 

given a Student Worksheet (LKPD) to assist them in 

finding mathematical concepts so that they can find 

out the steps of the discover 

There are several stages of the Missouri 

Mathematics Project learning model . In the 

preliminary or review stage, the teacher and students 

review the previous material related to the new 

material, namely by providing apperception, 

discussing homework (if any) that are considered 

difficult, and building student motivation regarding 

the importance of the material to be studied. In the 

learning process, adjusting to Ausubel's theory or 

known as meaningful learning theory, which 

emphasizes students to relate the previous material to 

the newly learned material. Next is the development 

stage, the presentation of new ideas as a form of 

expanding mathematical concepts, explanations and 

interactive discussions between educators and students 

who are demonstrated with concrete examples. Then 

the stage of cooperative work (controlled exercise), 

students are given practice questions that are done in 

groups while educators supervise and guide to prevent 

misconceptions so that students are more active in 

learning. This is in line with Vygotsky's learning 

theory, where students will group together to discuss 

in completing the task given by the teacher in the form 

of LKPD, then they correct each other's answers to the 

results of the discussion with their friends. Stages of 

Seat work (Independent Work), students respond to 

several questions independently to practice or expand 

the concept of material that has been studied at the 

development stage. This is relevant to the 

constructivism learning theory, where students are 

more actively involved in learning activities. The last 

stage is assignment or homework, students are given 

assignments or homework as material deepening and 

review material for further learning materials. 

In contrast to the experimental class, the control 

class did not use the Missouri Mathematics Project 

model assisted by LKPD, students only acted as 

listeners while the teacher explained the material until 

the end of the lesson without giving students the 

opportunity to be actively involved in it after being 

given assignments. This of course makes students feel 

bored so that their learning motivation is lacking and 

their problem-solving abilities are also not developed 

optimally. Thus, this research can be concluded that 

through the learning model of the Missouri 

Mathematics Project model assisted by LKPD, it is 

effective on learning motivation and problem solving 

abilities of students. 
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ABSTRACT 

This article discusses the design of Canva-based e-modules for understanding the concept of learning mathematics. 

Canva is a user-friendly and efficient graphic design program that can be accessed via a digital system at any time and 

from any location. The material that will be applied in this E-module is the sphere and cylinder using the context of 

Malay Islam in South Sumatra. This E-module is intended to help students improve their conceptual comprehension 

skills by using digital graphics with appealing designs, embedded visuals, audio, and learning videos. 

Keywords: E-Module; Canva; Sphere and Cylinder; Understand Mathematical Concept. 

1. INTRODUCTION 

Science and technology have contributed a lot to 

various activities of human life and have progressed 

very rapidly. Technology has a very valuable 

contribution and is considered the future of education 

because it creates opportunities for the development and 

innovation of learning tools in various institutions [1]. 

Progress in the fields of science and technology is an 

opportunity in the field of education to improve the 

quality of learning, especially in Indonesia, by providing 

online learning resources that can be accessed anytime 

and anywhere. 

Technological advances in the field of education 

require renewal in the form of tools or media as a 

support in the learning process both from the educator's 

side and from the student's side. Aside from being able 

to use the available tools, educators must also be able to 

develop skills for creating learning media that will be 

used [2]. As is the case with tools and media to support 

learning activities, especially in learning mathematics. 

Mathematics is a subject that is less liked by 

students because it is a difficult subject and not easy to 

master for students [3] . Therefore, to eliminate the 

assumption that mathematics is a difficult subject, 

mathematics educators must be able to have the skills to 

develop more creative and innovative mathematics 

teaching materials in an effort to increase interest in 

learning and train students' conceptual understanding 

skills towards mathematics. The aspect of understanding 

the concept is one aspect that students must have in 

order to learn mathematics well  [4]. One of the 

innovations in developing teaching materials as a 

learning medium can be in the form of e-modules. 

An e-module is a learning tool that contains 

materials, methods, limitations, and evaluation methods 

that are designed systematically and attractively to 

achieve the expected competencies according to the 

level of complexity electronically [5]. An e-module is 

an electronic module that can be accessed using a 

handphone and a computer with a display that can be in 

the form of images, material text, video, and audio. The 

purpose of the E-Module is to improve the ability of 

students to learn on their own without depending on the 

educator [6]. 

In the development of this E-Modul, the design is 

assisted by an application, namely Canva. Canva is a 

very friendly user and efficient graphic design 

application that can be accessed anytime and anywhere 

through a digital system. Canva really helps teachers to 

make E-Modules easily and attractively because there 

are many themes that are used with various types of 

content to be taught, not only equipped with themes that 

match the material but also equipped with supporting 

features such as JPP and GIF images, audio, video, text, 

embed link, Google Drive, YouTube, and QR Code [7] . 

Canva is currently available in several versions, namely 

desktop, Web, iPhone, and Android, so that the menu 

can be accessed on any electronic device [8]. 
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In line with the explanation above, the researchers 

took the title "Design of an E-Module to Build a Canva-

Based sphere and Cylinder Room with a Malay Islamic 

Context". This study aims to design an E-Module using 

the Canva application as an effort to train students' 

conceptual understanding skills through digital 

illustrations with attractive designs and embedded 

images, audio, and learning videos in the context of 

Malay Islam in South Sumatra, such as ornaments. 

building ornaments, special foods, and handicrafts. 

2. RESEARCH METHODS 

In this research, the researcher uses a type of library 

research method or library research without having to 

do field research. Literature study is an activity related 

to the method of collecting library data, reading and 

taking notes, and processing research materials without 

having to do field research [9]. Sources of research data 

can be obtained by data collection techniques through 

books or e-books, papers, journals, articles, the web 

(internet), magazines, newspapers, or various types of 

reports and the like that are library in nature. The source 

of the literature study in this study was taken from 

articles sourced from journals with keywords in the 

form of Canva applications, e-modules, understanding 

concepts, spheres, and cylinder. 

3. RESULTS AND DISCUSSION 

3.1. Cylinder And Sphere Material E-Modul 

With Malay Islamic Context  

Building a curved side room is a form of space 

whose parts form a stance and have a blanket. The 

meaning is the same Constructing curved side space is a 

space structure that has at least one (1) curved side, and 

the surface area and volume are widely applied in life. 

In this research, the design of the e-module is carried 

out by taking the material for curved sides, namely 

cylinder and spheres based on canvas, using the context 

of Malay Islam. In this paper, the context of Malay 

Islam is meant to use objects in the form of building 

ornaments, objects, and special foods. Ornamental art 

has a function as an object or item, so that the item or 

object is more valuable, beautiful and meaningful, can 

be interpreted well with aesthetics in life [10]. 

The object of building ornaments taken is the 

ornament of a mosque in South Sumatra, namely the 

Palembang Agung Mosque or the Sultan Mahmud 

Badaruddin I Jayo Wikramo Agung Mosque. At the 

Palembang Agung Mosque, it is very clear that there are 

several objects that have Malay architectural nuances 

because they can be seen from the carved motifs with 

plant motifs. At the Palembang Agung Mosque, there 

are objects that resemble curved side spaces, especially 

the cylinders and spheres. The objects that resemble 

tubular structures, such as drums, lanterns, pillars in the 

main room, and the main tower without a roof at the 

Palembang Agung Mosque. As for the object that 

resembles a spherical shape, the dome is in the shape of 

a hemisphere at the Agung Mosque of Palembang. For 

more details, see the image below. 

 

Figure 1 Lanterns in the main room of the Agung 

Mosque 

 

Figure 2 Main Tower of the Agung Mosque 

Palembang 

 

Figure 3 Pillars of the Agung Mosque Palembang 

 

 

 

The picture above is one of the objects in the 

Palembang Agung Mosque which resembles a cylinder 
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shape. The object has a Malay feel, which can be seen 

from the golden color and red kesuma, as well as the 

carvings with plant motifs, which are characteristic of 

Malays.  

 

Figure 4 The dome of the Agung Mosque of 

Palembang 

The picture above is an image of the dome of the 

Palembang Agung Mosque, which resembles a 

hemispherical shape with a golden color that indicates 

Malay characteristics. 

3.2. E-module design for understanding 

mathematical concepts using the Canva 

application. 

To achieve mathematics learning with the desired 

goals, educators need to use teaching that can develop 

students' understanding. The aspect of understanding the 

concept is one aspect that students must have in order to 

learn mathematics well. 

The E-module design process is as follows: 

1. The first is the creation of the front cover page of 

the e-module using Canva. The front cover page is 

designed by providing the title, author's name, and 

keywords for the purpose of the subject. For the 

design here, I used a background image of the 

Palembang Agung Mosque, accompanied by a 

cylinder and a sphere that synchronizes with the 

title. To add a background, use the upload feature, 

then select the image you want to use as the 

background. As for writing the title, use the text 

feature, and for cylinder and sphere images, use the 

element feature and continue typing with the 

keywords cylinder and sphere. 

 

Figure 5 E-module cover design 

 

Figure 6 E-module cover  

2. The second step is to create a background that will 

be used on every page that contains the material 

later. The color can be changed in the upper corner. 

There are many color choices. Then to add to the 

page, use the element feature and search for what 

you want. 

 

Figure 7 E-modul background desain 

3. After the background is created, the next step is to 

fill in the background with an introduction, table of 

contents, instructions for using e-modules, and core 

and basic competencies before discussing the 

material that will be discussed further later. To 

make it the same as the previous method, take 

advantage of the elements, text, and image upload 

features. design as attractive as possible and as 

desired.  
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Figure 8 Introductory Chapter 

 

Figure 9 Instruction of use 

 

Figure 10 Basic competencies and core competencies 

4. Next is to discuss the material for the curved side of 

the cylinder and the sphere. For the material page, 

continue to use the previous background as a 

characteristic form of the e-module. Insert an 

explanation of the Malay Islamic context by adding 

an image object to the Palembang Agung Mosque, 

which has something to do with the cylinder and 

sphere building materials. The purpose of inserting 

objects is to improve students' ability to understand 

mathematical concepts. so that students can 

imagine through the pictures provided. To insert an 

image, use the media upload feature, continue to 

connect it to the device library, then select the 

format you want to insert. 

 

Figure 11 Cylinder Material 

 

Figure 12 Sphere material 

5. After creating a page containing the material, don't 

forget to embed a video in the e-module that is 

related to the material in order to improve students' 

understanding of mathematical concepts. How to 

embed a video in an e-module is to use the embed 

feature and then there are several options. Select the 

YouTube section. A YouTube page will 

immediately appear and you can type in the 

keywords for the video you want to embed. You 

can also add videos without connecting to 

YouTube.  

 

Figure 13 Interactive Video 

6. To measure students' conceptual understanding 

ability, namely to make evaluations through quizzes 

on e-modules. Provide sample questions in advance 

so that students can do the quiz correctly. Problems 

are designed using indicators of students' ability to 

understand mathematical concepts in the material 

for the curved side of the cylinder and the sphere. 
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Figure 14 Sample question and answers 

 

Figure 15 Exercise 

7. After the e-module has been created and designed, 

the last step is to publish the e-module. For the 

process of publishing the e-module, click on the 

three dots at the top right, then click on the share 

link section, then copy the link and share. 

Meanwhile, you can save the e-module by clicking 

on the download section and then selecting to save 

it in pdf format. 

 

Figure 16 Publishing E-Module 

4. CONCLUSION 

Based on the design of the e-module material on the 

curved side of the cylinder and sphere based on Canva 

and the context of Malay Islam, it can be concluded that 

the E-module designed using the Canva application is 

easy, practical, and efficient to use in learning both by 

teachers and students wherever and whenever. Students 

can understand learning materials well through e-

modules that are designed in an attractive way so that 

they can improve students' understanding of 

mathematical concepts using the context of Malay 

Islam. 
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ABSTRACT 

In line with the 21st century, mathematics learning innovations continue to be developed to facilitate students' critical 

thinking skills by adjusting the context of their religious life. The purpose of this study is to provide ideas that teachers 

can do to implement Project Based Learning (PjBL) with a STEM (I-STEM) approach that is used to facilitate the 

development of students' critical thinking skills. The pattern of integration that is designed lies in the flat plane 

geometry material with the integration of the verses of the Koran and the internalization of Islamic values, with the 

hope of being able to create meaningful learning activities for students. This research is a qualitative research with 

library research. Data collection techniques are carried out through reviewing the literature, both from articles, books, 

and other documents that can be used to describe theories and information needed in research. The data analysis 

technique used is content analysis (content analysis). The results of this study are the I-STEM-based PjBL syntax 

includes 1) basic questions (integration with the verses of the Koran presented in the LKPD); 2) designing project 

plans (miniature Kaaba); 3) draw up a project completion schedule; 4) monitor project progress; 5) test project results 

(and compare with other problems); and 6) evaluate the learning experience. I-STEM-based PjBL was developed to 

facilitate the development of students' critical thinking skills through syntax and LKPD which were developed adapted 

to the context of Islamic life and the Koran at the junior high school level. 

Keywords: Project Based-Learning; I-STEM; Critical Thinking; Geometry.

1. INTRODUCTION 

Today, the challenges of the 21st century are often 

discussed topics. Several experts formulate the 

competencies and skills needed to face this era. Griffin, 

et al in their book entitled "Assessment and Teaching of 

21
st
 Century Skills" state that the skills needed by 

individuals in the 21st century are categorized into 4 

types, namely way of thinking, way of working, tools 

for working, and skills for living in the world. world [1]. 

Among the skills in these 4 categories are creativity, 

innovation, problem-solving ability, collaboration 

ability, ability to work together in teams, mastery of 

information literacy, life and career development, 

personal and social responsibility and critical thinking 

skills [2]. 

Apart from being an effort to face the challenges of 

an increasingly competitive era, these skills are useful as 

provisions for individuals in adapting to their ever-

changing environment [3]. One of the disciplines that 

focus on critical and logical thinking processes in every 

problem that has an important role in achieving 21st  

century skills is mathematics [4][5]. In addition, 

mathematics as the basis of logic and quantitative 

calculations makes it very important to learn [6]. 

Therefore, learning mathematics must be meaningful by 

covering competence aspects of knowledge, attitudes, 

and skills to equip students in dealing with problems in 

their daily lives. 

However, in reality, the achievement of student 

learning outcomes in mathematics is still far below the 

international average score. This is shown in Trends in 

International Mathematics and Science Study (TIMSS) 

data that Indonesia was ranked 44th out of 49 countries 

with low levels (below 400) [7]. In line with that, 

research conducted by the Program for International 

Students Assessment (PISA) in the last 3 years, 2012, 

2015, and 2018 showed that the mathematical ability of 

Indonesian students was in the lower rank with scores of 

375, 886, and 379. This achievement shows On average, 

Indonesian students only recognize basic concepts but 

have not been able to relate them to various topics, 
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especially when applying complex and abstract concepts  

[8]. 

In overcoming such problems, the identification of 

student competencies needs to be developed so that 

critical thinking skills and student independence also 

develop so that learning methods that still emphasize 

mathematics learning should be developed into methods 

that are considered more effective [9]. One effort that 

can be done is to conduct project-based learning with a 

Science, Technology, Engineering, and Mathematics 

(STEM) approach.   

Learning with a STEM approach that is considered 

ideal for achieving 21st century educational goals 

involving critical thinking, communication, 

collaboration, and creativity competencies [10]. 

Moreover, in facing global challenges, students test to 

have lessons in intellectual and spiritual [11]. This is in 

accordance with the oldest educational goals in Article 1 

paragraph 1 of the Republic of Indonesia Law No. 20 of 

2003 which reads "Education is a conscious and 

planned effort to create a learning atmosphere and 

learning process so that students actively develop their 

potential to have religious spiritual strength, self-

control, personality, intelligence, noble character, and 

the skills needed by themselves, society, nation and 

state". 

The STEM approach that applies science, 

technology, engineering, and mathematics in the 

application of learning can help students solve problems 

critically and logically [12]. By paying attention to the 

educational goals mentioned earlier, it is very important 

to combine learning with Islam so that science does not 

keep students from religious teachings. In addition, such 

learning will create a generation that is ulul albab. 

Likewise with learning mathematics, to improve the 

quality of education it is necessary to innovate in 

learning, namely by following the times but not 

abandoning religious values [13]. This integration of 

mathematics and Islam can be done by integrating 

religious concepts or laws such as numbers in the 

Qur'an and fiqh problems as well as internalizing values 

such as giving uswatun hasanah and narration [14]. 

Thus, learning like this will increase students' religious 

literacy and at the same time can instill good character 

for students. 

Based on this description, this research was 

conducted to determine the use of the Project Based 

Learning (PjBL) learning model in the field of Islamic 

integrated STEM-based geometry material, which was 

then abbreviated as I-STEM (Islamic, Science, 

Technology, Engineering, and Mathematics). This PjBL 

model is a project that is useful for providing 

experiences to students based on previously acquired 

concepts [15] . In addition, the project used aims to 

involve students in the process of planning, problem 

solving, and drawing conclusions. So that this model is 

expected to be able to cultivate students' critical 

thinking in implementing ISTEM learning and 21st 

century learning as previously done by [16]; [17]; [18]; 

dan [19]. 

2. RESEARCH METHOD 

This research is a qualitative research with library 

research type. Data collection techniques are obtained 

by reviewing and reviewing the literature that contains 

the theory and information needed, both in the form of 

books, articles, and other documents such as research 

results, the Koran and hadith. The data analysis 

technique uses content analysis by determining the 

existence of certain concepts in the content of the text. 

3. DISCUSSION 

Geometry is a branch of mathematics that studies 

mathematical elements such as points, lines, planes, 

length, area, weight, volume, properties and sizes as 

well as the relationship between one another [20] . 

Geometry can also be defined as a mathematical science 

that studies geometric shapes and focuses on 

measurements, statements related to shapes, fields of 

space, the relative position of a geometric figure, and so 

on.geometry, Allah SWT has described it in Surah Al-

Hadid (57) verse 21, which reads: 

بِّكُنْ وَجَنَّتٍ عَسْضُهَا كَعَسْضِ السَّوَاۤءِ  نْ زَّ ا اِلٰى هَغْفِسَةٍ هِّ سَابقِىُْْٓ

ِ يؤُْحيِْهِ  ٖۗ ذٰلِكَ فضَْلُ اللّٰه ِ وَزُسُلِه  وَالْْزَْضِِۙ اعُِدَّثْ لِلَّرِيْنَ اٰهَنىُْا بِاللّٰه

ُ ذوُ الْفَضْلِ الْعظَِيْن  .   هَنْ يَّشَاۤءُ ٖۗوَاللّٰه

Meaning: "Contest you to (get) forgiveness from 

your Lord and a paradise as wide as the heavens and 

the earth, which is prepared for those who believe in 

Allah and His messengers. That is the gift of Allah, He 

gives it to whom He wills. And Allah has a great gift." 

Based on this verse, heaven is likened to the breadth 

of the heavens and the earth. The word “'ardhuha” 

shows a broad meaning, so the mathematical concept 

being discussed is about the broad concept, but area 

here is not explicitly stated in mathematical units. Just 

like in the Surah Ali Imran verse 133 which explains the 

picture of heaven as wide as the heavens and the earth.  

The design of mathematics learning using the 

Project Based Learning (PjBL) model with an ISTEM 

(Islamic, Science, Technology, Engineering, and 

Mathematics) approach to geometry material here is 

limited to the sub-materials of building space. The 

project that was carried out was to make a miniature of 

the Kaaba with several models of cube nets. The 

assumption used is that the Kaaba is in the form of a 
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cube. The assignment in this project is to train students' 

critical thinking skills in making miniature Kaaba from 

a pull-up model of cube nets. In particular, this project 

also aims to instill Islamic values in students regarding 

the Baitullah which is the mecca of Muslim prayer and 

is central to the pilgrimage. 

The learning activities that are arranged refer to the 

unit of lesson hours found at the junior high school 

level, which is 35 minutes per lesson hour. Then this 

activity is assumed to take as much as 2 hours of lessons 

or the equivalent of 70 minutes. The time allocation 

used is adjusted to the situation and conditions in the 

class. The learning steps can be done as follows: 

Activity Description Activity 
Dura

tion 

Introduc

tion 

-The teacher greets.  

-The teacher asks one of the 

students to lead a prayer together.  

-The teacher conditions students 

and the atmosphere, including 

checking student attendance.  

-The teacher motivates students 

about the importance of 

understanding cubes and blocks. 

-The teacher gives an 

apperception about the material to 

be discussed, such as the Kaaba is 

an application to build a flat side 

of a cube.  

- The teacher conveys the 

learning objectives along with the 

learning techniques that will be 

carried out. 

5 

minu

tes 

Cose First step: Determining 

Fundamental Questions 

(Introduction to Problems)  

- The teacher provides the basic 

questions presented in the Student 

Worksheet (LKPD) about the 

integration of geometry in the 

Qur'anic verse about Tawaf 

related to geometric concepts in 

order to explore students' 

knowledge. Such as: 

مَّ لْيقَْضُىْا حفَثَهَُنْ وَلْيىُْفىُْا نرُوُْزَهُنْ 

فىُْا بِالْبَيْجِ الْعخَيِْق     وَلْيطََّىَّ
(Surah Al-Hajj: 29) 

What is the relationship between 

this verse and the concept of 

geometry? 

60 

minu

tes 

 

Second step: Design a project 

plan 

-The teacher asks the class leader 

to divide the students into 

heterogeneous groups of 4-5 

people.  

-The teacher discusses the 

mechanism of the project that will 

be carried out, such as: activities, 

duration required, sanctions for 

violations, and the use of tools 

and materials. 

Third step: Develop a project 

completion schedule 

-The teacher gives each group the 

opportunity to arrange alternative 

steps according to the 

predetermined time.  

 

Fourth step: Monitoring the 

progress of the project 

-The teacher gives a worksheet 

containing the following tasks:  

1) Write down the information 

that has been obtained during the 

project  

2) Write down mathematical 

concepts and calculations related 

to the project  

3) Link the concepts based on 

student understanding  

4) Making assumptions based on 

the relationship between concepts  

5)Testing the results of 

assumptions with trials  

6) Making conclusions  

Fifth step: Testing project results  

-The teacher provides an 

assessment of the project that has 

been carried out as an evaluation 

material for improving learning in 

the next meeting. 

 

The sixth step: Evaluating the 

learning experience 

- The teacher and students reflect 

on the learning that has been done 

by means of presentations. The 

non-presenting group was given 

the opportunity to respond to the 

presenting group. 
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Closing - The teacher and students 

conclude the findings on the 

project that has been carried out.  

- The teacher gives assignments 

to students  

- The teacher delivers the material 

to be discussed at the next 

meeting.  

-The teacher says salam. 

5 

minu

tes 

Table 1. Steps for Learning Mathematics with 

ISTEM-based Project Based-Learning models 

The integration of geometrical mathematics with 

Islam according to the results of research conducted by 

[11], [21], [22] and [23]. The main difference lies in the 

sub-material and Islamic integration used. In previous 

studies, he linked the volume of building materials to 

the context of fiqh. While this study discusses ISTEM-

based PjBL on cube nets with Islamic values, namely 

the Kaaba. The ISTEM content classification in this 

study can be seen in the following table 2: 

PjBL 

Proje

ct 

Islam

ic 
Science 

Techno

logy 

Engineeri

ng 

Mathe

matics 

Make 

a 

minia

ture 

of the 

Kaab

a 

from 

a net 

of 

"pull-

up" 

cubes 

Kaab

a as 

the 

centr

al 

cente

r of 

wors

hip 

for 

Musli

ms 

Applic

ation of 

a force 

on an 

object 

(Newto

n's 

Law) 

measur

e the 

net of a 

cube 

with a 

ruler 

In this 

project, 

engineer

ing 

looks 

from 

student 

equipme

nt in the 

form of 

ropes 

and the 

design 

of cube 

nets 

which 

are trial 

and error 

so that a 

miniatur

e Kaaba 

can be 

formed. 

 

Knowi

ng the 

webs of 

buildin

g 

spaces 

and 

their 

sizes 

Table 2. STEM classification in geometry learning 

with the PjBL model 

 

Figure 1. Examples of projects that will be made by 

students 

Completion of the project requires critical thinking 

skills. Critical thinking skills are included in high-order 

thinking skills or often known as High Order Thinking 

Skills (HOTS) [24]. Among the critical thinking 

indicators presented by Rofiah, are formulating and 

asking questions, planning strategies, and evaluating 

decisions [25].  

Indicators of formulating and asking questions 

include students' ability to identify and analyze 

problems, then look for important information and then 

determine the main problems to be solved. This 

indicator will assist students in guiding students to think 

more broadly so as to facilitate students in enriching 

their learning resources. In addition, students are given 

the opportunity to evaluate the results of their own 

thinking so that students can put their previous 

knowledge into practice.   

The second indicator in critical thinking is planning 

a strategy. This means that students can plan solutions 

to existing problems by applying the concepts they 

previously had. Problem solving is arranged based on 

the work steps in a systematic and complete manner. In 

this project, students are required to be able to make a 

miniature of the Kaaba with a pull-up model of different 

cube nets. Students are trained to be able to tie the rope 

at a certain angle so that the miniature of the Kaaba will 

be perfectly formed.  

The third indicator on critical thinking skills is 

shown in students' ability to evaluate decisions. Students 

are said to already have critical thinking when they are 

able to solve problems, calculate correctly, and make 

conclusions from these solutions completely. In this 

case, students who are able to think critically tend to be 

able to review the opinions given by presenting the 

results of their projects by revealing the facts contained.   

4. CONCLUSION 

Based on the discussion above, it can be concluded 

that mathematics cannot be separated from Islam so that 

in practice mathematics learning can be combined with 

Islamic nuances. The projects presented in this article 

relate to Islamic values in the form of the Kaaba and 

calligraphy writing. Thus, the ISTEM-based PjBL 

mathematics learning design is expected to improve 

students' critical thinking skills as well as hone students' 
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literacy skills, both related to school, the environment, 

and religion.  

The limitations of this article only cover the 

geometry of the cube. While the fact is that building 

space is not only cubes, for example pyramids are 

associated with pyramids in Egypt by revealing Islamic 

values in the form of Islamic history there. Therefore, 

the author hopes that there will be other innovations in 

teaching mathematics, especially those related to 

ISTEM. 
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ABSTRACT 

Leonhard Euler (1707-1783) was a Swiss scientist who formulated the Euler constant or also known as Euler's 

number. Euler's number is one of the numbers that is interesting and also important in mathematics, especially in the 

problem of differential equations. This study aims to provide knowledge about the application of the use of Euler's 

constant in the concept of differential equations. This article tries to answer how to use Euler's constant in differential 

equations through library research. Related references are ebooks, online journal articles and proceedings which are 

analyzed with a focus on the use of Euler in solving differential equations. The results of this study indicate that 

Euler's constant is very influential on problems related to differential equations. 

Keywords: Leonhard Euler, Euler's Constant, Differential Equation

PRELIMINARY 

The differential equation which was originally 

referred to as the "derivative equation" is an equation 

introduced by Leibniz in 1676[1]. Differential equations 

are equations of derivative functions that exist in 

mathematical problems. By definition, "a differential 

equation is an equation involving the derivative of more 

than one dependent variable". The order of the 

differential equation is the highest order of the 

derivatives contained in the differential equation. The 

degree of a differential equation is the highest power of 

the highest derivative in the differential equation. 

Based on the number of independent variables, 

differential equations are grouped into Ordinary 

Differential Equation (ODE) and Partial Differential 

Equation (PDE). An ordinary differential equation is an 

equation that contains the derivative of a function that 

contains one independent variable. The ordinary 

differential equation is also often abbreviated to GDP. 

Ordinary differential equations are also divided into 

two, namely linear ordinary differential equations and 

nonlinear differential equations. A partial differential 

equation is a differential equation that has more than 

one independent variable. The derivative of the function 

for each independent variable is carried out partially. 

In its application, the differential equation cannot be 

separated from the existence of Euler's constant or what 

is known as the number e. The number e is one of the 

most important numbers in science, especially 

mathematics. This number refers to Euler's number or 

better known as Napier's constant which is often also 

referred to as the natural logarithm or natural 

constant[2]. At first the number e was discovered by 

John Napier in 1614 but the number e was popularized 

by Lionhard Euler, where Euler was the first to use the 

symbol e obtained through calculations. 

The number e by limit for the value of n to infinity 

can be written as follows[3] 

     
   

(  
 

 
)

 

 

as for another way to determine the value of e by 

estimating the integral of the function f(x) = 1/x on the 

interval [ln, n + 1], namely: 

∫
 

 

   

 
          

 

 
), 

In solving differential equations, the Euler method is 

used only in first order equations, so the Euler method is 

also called the first order method. Euler's method also 

uses the help of the Taylor series [4]. A Taylor series is 

a representation of a mathematical function as an 
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infinite sum of terms whose value is calculated from the 

derivative of the function at a point. 

 

DISCUSSION 

Euler's constant  

Euler's constant or Euler's number symbolized by the 

letter e, which has an approximate value of 2.71828 

18284 59045 23536… 

 

In 1647 Saint-Vincent calculated an area under a 

rectangular hyperbola. Is there a relationship between 

the area under the rectangular hyperbola and the 

logarithm? This is still being debated. In 1661 Huygens 

understood the relationship between the two, He 

examined explicitly and intensively the relationship 

between a rectangular hyperbola with the logarithm "yx 

= 1" and the logarithm. Of course, the value of e is such 

that the area under the rectangular hyperbola is from 1 

to e = 1. But his work is not really recognized because 

he did not mention the number e clearly and explicitly. 

 

However, Saint's research is surprising, the 

estimated value found is close to the value of the 

number e. The first time the number e was discovered 

was not through the concept of logarithms at all but 

through the study of compound interest. In 1683 Jacob 

Bernoulli began researching the problem of compound 

interest and examining continuous compound interest, 

He tried to find the limit of (1 + 1 / n) n as n tends to 

infinity. The number e by limit for the value of n to 

infinity can be written as follows 

 

     
   

(  
 

 
)

 

 

 

Another way to estimate the value of e is to estimate 

the integral of the function f(x) = 1/x on the interval [n, 

n + 1], namely: 

 

∫
 

 
           

 

 
 

   

 
  

 

using quadrature. In Figure 1.1 it can be seen that this 

integral is the area of the region bounded by the 

function f(x) = 1= x and the interval [n; n+1]. 

 

 

Figure 1.1 

Ideas involving the solution of differential equations 

were what led Leonhard Euler (1707-1783) to the 

discovery of the modern notion of the sine and cosine 

functions in the 1730s. The exponential function was 

recognized by Euler in 1730. In fact, in a manuscript on 

differential calculus he wrote asa text shortly after 

arriving at St. Petersburg, Euler noted that there are two 

classes of functions, algebraic and transcendental as 

well as exponential and logarithmic functions, 

properties of which he continues to discuss. Thus, he 

knows that the differential equation satisfies       as 

           or vice versa that the solution for dy = 

ay dx as      . In various papers in the early 1730s, 

Euler made use of this property of the exponential to 

solve other differential equations. For example, he noted 

that the equation: 

 

        
    

 
  

  

 
 

 

can be solved by multiplying by "integrating" the e-2v 

factor to give e-2v vdz - 2e-2v zv dv+e-2v z dv=e-2v 

dv.Since the left-hand side is the differential of e-2v vz, 

the solution to the equation is 

 

         
 

 
                    

 

Higher-order equations could also be solved 

with exponential functions, but in the mid-1730s Euler 

realized that these functions were not sufficient. For 

example, in 1735 Daniel Bernoulli wrote to Euler 

discussing the problem of the vibration of elastic bands. 

The problem leads to the fourth orderequation 

  (
   

   )   .Both of them,Bernoulli and Euler, 

realized that was a solution, but Bernoulli wrote that this 

solution "is not general enough for current calculations." 

Euler was able to solve the equation using the power 
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series method, but did not recognize the sine or cosine 

in the resulting answer. 
 

  

 

Differential Equation[5] 

Differential equations are one of the cornerstones of 

mathematics, which, like matrices, play an important 

role in analyzing and solving complex problems in 

engineering, natural sciences, economics, and even 

business. 

A differential equation is an equation that involves 

the function being sought and its derivatives. 

  

  
      

  
   

   
   (

  

  
)

 

   

 
   

   
        

   

   
       

(
   

   
)

 

    (
  

  
)

 

    (
  

  
)

 

    

   

   
  

   

   
   

An equation is an ordinary differential equation 

(GDP) if the unknown function consists of only one 

independent variable. If the function you are looking for 

consists of two or more independent variables, the 

differential equation is a partial differential equation 

(PDP). 

The mathematical expressions y ', y '', y ''', y
(4)

, …, 

y
(n)

 are often used to write down, respectively, the first, 

second, third, fourth, …, nth derivatives of y to the 

intended independent variable. So, y'' represents 

         if the independent variable is x, but represents 

        if the independent variable is p. Note that 

parentheses are used in writing y
(n)

 to distinguish it from 

the nth power, y
n
. if the independent variable is time, it 

is usually denoted 
  

  
        , and          

A. First Order Differential Equation 

1. Linear Equation 

A linear equation is an algebraic 

equation, where each term contains a 

constant, or the product of a constant by a 

single variable. This equation is said to be 

linear because this mathematical 

relationship can be described as a straight 

line in the Cartesian coordinate system. 

A differential equation is called linear 

if f(x,y) can be written as f(x,y) = -p(x)y + 

q(x) (that is, as a function of x times y, plus 

one more function of x). 

y ' + p(x)y = q(x) 

2. Bernoulli's Equation 

 

SomethingBernoulli's differential 

equation is an equation in general form[6]: 

y ' + p(x)y = q(x)yn 

where pq is a function of x or a 

constant, and n is a real number. PD 

Bernoulli can be solved analytically and 

numerically. Numerical method is a 

generally accepted method that can solve 

complex and simple mathematical 

problems[7]. The PD Bernoulli solution 

using the numerical method produces a 

settlement value that is close to the 

analytical solution value and rarely 

produces an exact solution value, so the 

solution value obtained is called the 

approximate value[8]. 

3. Homogeneous Equation 

A homogeneous differential equation 

has standard form if, 

f(tx, ty) = f(x,y) 

for every real number t. 

In the general framework of 

differential equations, the term 

“homogeneous” has a completely different 

meaning. The meaning referred to in the 

above equation applies only in the context 

of first-order differential equations. 

4. Separable equations 

A differential equation is called a 

separable equation, if M(x,y) = B(y) (a 

function of y only), then the equation can 

be separated or has separable variables. 

The solution to the first order 

separable differential equation, 

A(x) dx + B(y) dy = 0 

Is 

∫         ∫          

where c represents any constant. 

The integrals obtained in the above 

equation are searched for solutions using 

numerical techniques to obtain 

approximate solutions. 

 

ISSN 2985-5721

Proceeding of International Conference of Education, Sciences, Technology, Engineering, & Mathematics



  

229 

 

5. Exact Equation 

A differential equation is called an 

exact equation, if 

       

  
  

       

  
 

B. Graphical and Numerical Methods for 

Solving First Order Differential Equations 

1. Direction Field 

Graphical methods produce solutions 

to first-order differential equations of the 

form, 

y՛ = f(x,y) 

where the derivative is only on the 

left side of the equation. 

Example. (a) For problem y' = -y + x 

+ 2, we have f(x,y) = -y + x + 2. (b) for 

problem y' = y + 1, we have f(x,y ) = y2 + 

1. (c) for problem y' = 3, we have f(x, y) 

== 3. Note that in a given problem, f(x, y) 

may be independent of x, of y, or of x and y. 

2. Euler's Method 

If the initial conditions have the form, 

          

Also determined, then the only desired 

solution curve of the above equation is 

through the starting point      ). 

To obtain a graphical approximation to 

the solution curve of the above equation, 

we start by constructing a line element 

starting at the starting point       ). Name 

the end point of the line as       ). Then 

we create a second line element starting 

from       ). Name the endpoint of this 

second line element as       ). Continue 

with the third line element starting from 

      ). This process is continued over and 

over again and ends when enough solution 

curves are drawn to meet the needs of the 

given problem. 

If the difference of successive x values 

is the same, that is, if for a constant , then 

the graphical method given above for first-

order initial-value problems is known as 

the Euler method.               
               

The method satisfies the formula, 

                   

For n = 1, 2, 3, … this formula is 

often written as 

               

           ) 

3. Stability 

The constant h in the equation in 

Euler's method above is also called the step 

distance, and others are arbitrary. In 

general, the smaller the steps, the more 

accurate the approximation solution will be, 

but more work must be done to obtain the 

solution. So, the final choice for h is a 

compromise between accuracy and effort. 

If h is too large, then the approximate 

solution obtained does not represent the 

actual solution at all. A condition called 

numerical instability. To avoid numerical 

instability, the Euler method is repeated, 

each time using a half-step distance from 

the previous value, until two successive 

approximations are obtained which are 

close enough to each other to satisfy the 

desired requirement. 

There are other numerical methods for 

solving first-order differential equations, such 

as the modified Euler method, the range-kutta 

method, the adam-bashforth-moulton method, 

the milna method, initial values and the order 

numerical method. 

Example Problem Solving Differential 

Equations By Involving Euler's Constant 

Determine the solution of PD y' - 3y = 6 

Solution: 

y ' + p(x)y = q(x) 

y' – 3y = 6 

Step I 

       ∫             

Step II 

   
∫          

    
 

   
        

    
 

                 

           

CONCLUSION 

The involvement of the Euler constant in the differential 

equation is very important because without the Euler 

constant in determining the approximate value of an 

equation, the value of the differential equation that is 

close to the solution cannot be determined. In its 
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application, Euler's constant is included in differential 

equations of linear form, Bernoulli, homogeneous, exact 

and separable equations. This means that Euler's 

constant is involved in determining all solutions in the 

differential equation. In addition, it is also involved in 

the methods used such as the direction method, Euler, 

and stability. 
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Abstract  

This study discusses the forecasting of non-oil and gas export values in the agricultural sector using the Double 

Exponential Smoothing Brown and Holt. The purpose of this study was to determine the results of forecasting 

the value of non - oil and gas exports using the Double Exponential Smoothing Brown and Holt and to compare 

them. The data used in this study is secondary data from BPS Central Java Province, namely annual data from 

Non-Oil and Gas Export data from the Agricultural Sector from 2011-2020. The results of this study obtained 

that forecasting the value of non-oil and gas exports in the agricultural sector in Central Java in 2021 to 2025 

using the Double Exponential Smoothing one parameter from Brown with   = 0.5, was 217.9 million US$ in a 

row, 239.96 million US$, 262.02 million US$, 284.08 million US$, 306.14 million US$. Meanwhile Double 

Exponential Smoothing Holt with   = 0.8 and   = 0.1 is 207.05 million US$, 217.93 million US$, 228.81 

million US$, 239.69 million US$, 250.57 million US$. Forecasting the value of non-oil and gas exports in the 

agricultural sector in Central Java using the Double Exponential Smoothing one parameter method from Brown 

produces a MAPE value of 16.74%. Method Double Exponential Smoothing 's Holt produces a MAPE value of 

15.60%. So it can be concluded that a better method for forecasting the value of non-oil and gas exports in the 

agricultural sector in Central Java is the Double Exponential Smoothing Holt with   = 0.8 and   = 0.1. 

Keywords: Brown; Double Exponential Smoothing; Forecasting ; Holt.  

 

1 INTRODUCTION  

Forecasting is a general statistical activity in 

estimating or predicting, which will help predict 

what will happen in the future and provide 

guidance for long-term strategic planning. To 

predict this, accurate historical data is needed so 

that future perspectives can be seen [3]. Double 

Exponential Smoothing is one of the strategies for 

determining the forecasting value of non-oil and 

gas exports from the agricultural sector is Double 

Exponential Smoothing. Double Exponential 

Smoothing is a continuous improvement 

methodology  on the latest perceived object 

perception. 

The research method used in this study is the  

Exponential Smoothing, in which one or more 

clearly defined smoothing parameters and the 

weights imposed on the observed values are 

determined by the results of this research. This 

method has three types, namely single, double, 

triple. On the other hand, it is used for time series 

that do not experience trend or seasonal elements or 

can be called stationary data. Meanwhile Triple 

Exponential Smoothing used to predict time series 

data that has both elements at once [1].   

The evaluation of the Double Exponential 
Smoothing is used to predict the value of non-oil 

exports in the agricultural sector which results in 

planning trends and directions in the future. This 

method has the advantage that it is simple to 

calculate, because it can be run manually, relatively 

little data is used, it is easy to adjust data changes, 

and it has quite a lot of accuracy. The purpose of 

this study was to determine the results of the 

Double Exponential Smoothing Brown  method 

with the Double Exponential Smoothing Holt in 

predicting the value of non-oil exports from the 

agricultural sector from 2021 to 2025 and to 

compare the forecasting of the value of non-oil 

exports in the agricultural sector from 2021 to 2025 

in Central Java with the DoubleExponential 

Smoothing Brown  and Holt.  

 

2. METHOD  

2.1. Data Collection 
Data used in this research is secondary 

data, obtained from government agencies or 

institutions regarding non-oil and gas exports 

in the agricultural sector. The data collection 

method used in this research is the 

documentation method, namely the collection 

of a number of data that has been published by 

the Central Statistics Agency (BPS) of Central 

Java Province. The data used to forecast the 

Non-Oil and Gas Exports of the Agricultural 
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Sector in Central Java is the annual data from 

the Non-Oil and Gas Exports of the 

Agricultural Sector past 10 years, namely data 

from 2011-2020.  

 

2.2. Research Steps The research  
Procedure used in this study is as follows. 

1. Data collection  

Researchers took data through website 

Central Java BPS jateng.bps.go.id 

accessed on October 11, 2021.  

2. Double Exponential Smoothing Brown  

1) Determine the parameter value 

2) Calculate the smoothing 

3) Calculate the smoothing second 

4) Calculating constant value (  ) 
5) Calculating slope (  ) 
6) Forecasting result of Double 

Exponential Smoothing Brown 

3. Double Exponential Smoothing Holt 

1) Determining parameter values  α and 

  

2) Calculating the smoothing  

3) Calculating trend smoothing  

4) Forecasting results using the Double 

Exponential Smoothing Holt  

4. Selection of the best method  

Comparing the Double Exponential Smoothing 

Brown and Holt using the smallest MAPE 

(Mean Absolute Percentage Error) value in 

both methods. The MAPE value is an error 

measurement that calculates the percentage 

deviation between the actual data and the 

forecast data (Krisma et al., 2019). 

 

3 RESULT AND DISCUSSION  

To use the double exponential smoothing, the 

data studied must have a trend data pattern. So it is 

necessary to make a graph to see the pattern of the 

data.  

 
figure 1. Value of non-oil and gas exports in 

agricultural 

Based on figure 1. it can be seen that 

the value of non-oil and gas exports in the 

agricultural sector in Central Java tends to 

increase, so it can be concluded that the value 

of Non-oil and gas exports from the 

agricultural sector in Central Java tend to have 

an trend .  

After the data shows a trend, the next step is to 

calculate the double exponential smoothing. To 

get the best  α and γ parameters, trial and error  

to get the smallest MAPE value. In this study 

the authors use excel software to perform 

calculations.  

 

3.1 Double Exponential Smoothing Brown 
Calculation of the value of can be seen in Table 1 

Table 1.  MAPE values for parameters   

0,1 to   0,9 

α 
MAPE (Mean Absolute 

Percentage Error) 

0,1 23,91% 

0,2 20,31% 

0,3 18,47% 

0,4 17,42% 

0,5 16,74% 

0,6 16,87% 

0,7 16,77% 

0,8 17,23% 

0,9 17,41% 

Based on table 1, the smallest MAPE value 

      is 16.74%. After getting the best 

parameters through trial and error , it is possible to 

forecast the value of non-oil and gas exports in the 

agricultural sector in Central Java for the next 5 

years using the forecasting equation         
  ( ), based on the acquisition of the latest 

forecasting data that can be compiled for the 

following year, namely: 

          ( ) 
For      (in 2021) 

          ( ) 
             ( ) 
       

For      (in 2022) 

          ( ) 
             ( ) 
        

For      (in 2023) 

          ( ) 
             ( ) 
        

For      (in2024) 

          ( ) 
             ( ) 
        

For      (in 2025) 
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          ( ) 
             ( ) 
        

Based on the forecasting results the value of 

non-oil and gas exports in the agricultural sector in 

Central Java obtained forecasting results for 2021 

the forecast value = 217.9 million US$, in 2022 the 

forecast value = 239.96 million US$, in 2023 the 

forecast value = 262.02 million US$, Year 2024 

forecasting value = 284.08 million US$, 2025 

forecasting value = 306.14 million US$.  

3.2 Double Exponential Smoothing Holt 
Calculation method using equations 8 to 10. 

Similarly for Brown to determine the parameters α 

and γ on the holt, trial and error to get the smallest 

MAPE value. In the parameter, 1 number is 

determined behind the comma, namely       s/d 

0,9 and       s/d 0,9 so that the experiment was 

carried out 81 times. From this experiment, the 

smallest MAPE value was obtained with a value 

      and        of 15.6%. After getting the 

best parameters through trial and error , it is 

possible to forecast the value of non-oil and gas 

exports in the agricultural sector in Central Java for 

the next 5 years. The following is a complete 

calculation for forecasting the value of non-oil and 

gas exports from the agricultural sector in Central 

Java using the Double Exponential Smoothing Holt 

with parameters       and      . 

          ( ) 
For      (in 2021) 

            ( ) 
             ( ) 
        

For      (in 2022) 

            ( ) 
             ( ) 
        

For      (in 2023) 

            ( ) 
             ( ) 
        

For      (in 2024) 

            ( ) 
             ( ) 
        

For      (in 2025) 

            ( ) 
             ( ) 
        

So that the forecasting results are obtained 

for 2021 the forecasting value = 207.05 million 

US$, in 2022 the forecasting value = 217.93 

million US$, in 2023 the forecasting value = 

228.81 million US$, in 2024 the forecasting value 

= 239.69 million US$, in 2025 the forecast value = 

250.57 million US$.  

3.3 Comparison of Methods 

From the discussion above, the results 

obtained using the Double Exponential Smoothing 

Brown method and the Double Exponential 

Smoothing Holt. In the Double Exponential 

Smoothing Brown       obtained MAPE = 

16.74. In the Double Exponential Smoothing Holt 

with       and       obtained MAPE = 15.60. 

From these results, it can be concluded that in 

predicting the value of non-oil and gas exports in 

the agricultural sector, the Double Exponential 

Smoothing Holt method is better than the Double 

Exponential Smoothing Brown method.  

4 CONCLUSION 
Conclusions  

Based on the results of the research that has 

been carried out, the following conclusions are 

obtained: 

1. million, US$ 239.96 million, US$ 262.02 

million, US$ 284.08 million, US$ 306.14 

million. Meanwhile Double Exponential 

Smoothing two parameters Holt with 

      and       is 207.05 million US$, 

217.93 million US$, 228.81 million US$, 

239.69 million US$, 250.57 million US$.  

2. Forecasting the value of non-oil and gas 

exports in the agricultural sector in Central 

Java using the Double Exponential 

Smoothing one-parameter Brown produces a 

MAPE value of 16.74%. Method Double 

Exponential Smoothing 's Holt  produces a 

MAPE value of 15.60%. So it can be 

concluded that a better method for 

forecasting the value of non-oil and gas 

exports in the agricultural sector in Central 

Java is the Double Exponential Smoothing 

two-parameter Holt with       and 

     . 

Suggestions  

Based on the results of the discussion 

and conclusions that have been given, some 

suggestions can be given as follows:  

1. For researchers and readers for the next 

research in order to be able to do further 

research on forecasting the value of non-oil 

and gas exports in the agricultural sector in a 

larger area by using a more appropriate 

method. 

2. The Government/Private  

Government/Private sector is 

expected to pay more attention to the 

productivity of the agricultural sector in 

Central Java, so that the value of non-oil and 

gas exports from the agricultural sector can 

increase every year. 
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ABSTRACT 

Teachers must be able to create an effective learning atmosphere so that learning objectives and results can be 

achieved. This study aims to determine the effectiveness of flash card learning media on environmental pollution 

material for seventh grade students at junior high school. This study uses Pre-Experimental Design by applying the 

One-Group Pretest-Posttest Design model. The data collection technique used interview and questionnaire techniques, 

while the analysis technique used was effectiveness analysis technique. The results of the study obtained that the 

average pretest result for three meetings was 63.5 while the average posttest result was 88. There was an increase in 

the pretest to posttest scores and the percentage of students learning mastery achievement was 85% with the effective 

category. So, it can be concluded that the flashcard learning media on environmental pollution material is an effective 

learning media to be used in the learning process. 

Keywords: Effectiveness; Learning Media; Flash Card; Environmental Pollution. 

1. INTRODUCTION 

Education is carried out with the hope that there will 

be changes in students after experiencing the 

educational process both in their behavior and personal 

life as well as in the social life in which they live. 

Education is carried out in educational activities, 

namely through teaching guidance or training directed at 

achieving the educational goals that have been set. In 

this case, the purpose of education is part of the 

education system that occupies a central position and 

function. Therefore, all educators need to understand the 

purpose of education [1]. 

Educational goals can be achieved through the 

learning process. The learning process is an activity that 

can make students learn or easily find out what is 

conveyed by the educator [2]. In the learning process, 

there is a reciprocal interaction between teachers and 

students in a learning activity. Educators or teachers as 

subjects who carry out education have an important role 

for the ongoing learning process. Therefore, teachers 

should be able to create an effective, interesting, and 

meaningful learning process for students so that learning 

objectives are achieved properly. 

Natural science is one of the subjects at the junior 

high school level. Science learning at this level was 

developed as an integrative science  

subject, not as an applicative-oriented discipline, 

developing thinking skills, learning abilities, curiosity 

and developing a caring and responsible attitude 

towards the natural and social environment. Integrative 

science has the meaning of combining various aspects, 

namely the domain of attitudes, knowledge, and skills. 

Science is also intended to introduce the biological 

environment and the natural surroundings, as well as the 

introduction of various advantages of the archipelago. 

The way of packaging the learning experience designed 

by the teacher greatly influences the meaningfulness of 

the experience for students. A learning experience that 

shows the relationship between conceptual elements 

will make the learning process more effective. The 

conceptual link that is studied with the relevant field of 

Natural Science (IPA) will form a cognitive schema, so 
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that children gain wholeness and completeness of 

knowledge [3]. 

To support effective science learning, assistance in 

the learning process is needed so that subject matter can 

be delivered better so that learning objectives can be 

achieved. One of them is by using learning media. 

Learning media are everything that can be used by 

educators or teachers by way of their application 

connected to the content and objectives of the learning 

provided, so that the application of media can assist in 

the process of improving the quality of the results of 

learning activities so that learning competencies can be 

achieved. Then, the media used in the learning process 

has many forms with the aim of being able to convey 

messages or information conveyed by the teacher to 

students to stimulate the feelings, thoughts, concerns 

and interests of students during the process of learning 

activities. 

In this case, the application of learning media is one 

solution that can overcome it. The application of 

learning media is an appropriate way to increase the 

understanding of students [4]. The selected learning 

media is a flash card learning media with characteristics 

that attract attention and can be adapted to several 

learning materials. Coupled with the research subject is 

the seventh-grade junior high school students are 

individuals who are entering the early adolescence 

stage, namely the transition period from children to 

adolescents. At this stage it is known that the individual 

is in a period of storm and stress, namely a turbulent 

period colored by conflict and mood changes in 

adolescents so that social adjustments are needed so that 

individuals can be well received in their environment 

[5]. Furthermore, in the social development of 

adolescents there are two kinds of movement, namely 

separating themselves from their parents and the other 

being towards their peers. The two directions of motion 

are two successive things although one can be related to 

the other. It causes the first movement without the 

second movement can cause loneliness. These problems 

are sometimes encountered in adolescence in extreme 

circumstances [6]. 

The flash card learning media has been researched 

by several experts including: the effectiveness of 

flashcard learning media in the skills of writing simple 

German essays for students of class XI IPA SMA 

Negeri 9 Makassar [7]; development of visual flash card 

media on the interaction of living things with their 

environment [8]; the development of e-flashcard 

learning media on the content of the 5th grade science 

lesson at SD No. 2 Mengwi [9]. The research states that 

by developing visuals on flash card learning media, you 

will get a product in the form of learning media that 

increases learning motivation, makes it easier for 

students to understand the material and makes it easier 

for teachers to deliver subject matter. By looking at the 

psychological characteristics of junior high school 

adolescents and the advantages possessed by flash card 

learning media, it can be concluded that Flash Card 

media can be used as a solution to help create an 

effective science learning process. 

 

2. LITERATURE REVIEW 

2.1 Learning Media 

The word 'media' is a word that comes from Latin 

with the basic plural form of the word 'medium' which 

means as an intermediary between the source of the 

message and the recipient of the message [10]. While in 

the Big Indonesian Dictionary, media has the meaning 

as a tool where it is located between two parties and 

becomes an intermediary or liaison [11]. So, it can be 

concluded that the media is an intermediary in the 

process of conveying existing information from the 

sender of information to the recipient of the information, 

which can influence and stimulate the mind of the 

recipient of the information. 

The communication process can also be established 

when the learning process takes place between the giver 

of information, namely the teacher and the recipient of 

information, namely students. In the learning process 

which takes place in a system in which a media called 

learning media is used. Learning comes from the word 

'learn, which is based on the basic word 'teaching' [12]. 

The word 'teaching' has a meaning according to the Big 

Indonesian Dictionary as a guide that is conveyed to 

people so that they can be followed or known [13]. This 

learning media is used as one of the components in the 

learning system. The use of media in a learning process 

must be based on appropriate theoretical and 

philosophical reasons. In addition, this media can also 

be said as any form or method or channel used by the 

information provider with the aim that the message can 

be conveyed to the recipient of the information. The 

word 'everything' means that the media is not limited to 

the type of media that is specifically designed to achieve 

the stated goals, but it is also hoped that its existence is 

expected to be put to good use to facilitate and clarify 

the understanding of students regarding the material 

being taught. be delivered. The most important part in 

learning activities is a learning process that occurs [14]. 

Various understandings that have been mentioned, it 

can be concluded that learning media are everything that 

can be used by educators or teachers by means of their 

application connected to the content and objectives of 

the learning provided, so that with the application of 

media it can help in the process of improving the quality 

of the results of the activities. learning so that learning 

competencies can be achieved. Then, the media used in 

the learning process has many forms with the aim of 

being able to convey messages or information conveyed 

by the teacher to students in a fun way. 
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2.2 Flash Card 

Flash card media is one of the educational games 

consisting of cards containing words and pictures that 

have been designed by the master with the aim of 

improving aspects of students such as practicing 

independence, developing memory, and increasing the 

number of vocabularies [15]. Meanwhile, there are also 

those who interpret flash cards as a collection of small-

sized cards containing words, symbols and pictures that 

guide or remind students of something that has a 

relationship with the image on the card that can be used 

to enrich vocabulary and practice spelling [16]. 

The flash card itself has a design with two sides, the 

front side of the flash card contains words and images 

while on the back of the flash card is the image or 

meaning of the word. Pictures on cards have a greater 

influence on the process of understanding and 

remembering something than audio or verbal media, so 

it will be very helpful in improving children's memory 

[17]. 

Based on the research conducted by Yosephus, et al, 

the results show that the use of flash cards proves that it 

can improve the vocabulary skills of students. This is 

because flash cards can attract the interest and attention 

of students, thus making students motivated and focused 

when in the process of learning vocabulary [18]. The 

advantages of using flash card media are that it is easy 

to carry everywhere with its relatively small size and 

can be stored in a bag or even in a pocket, so it does not 

require a large space to store it and can be used 

anywhere, both inside and outside the classroom. Then, 

from the manufacturing process to use, flash cards are 

very practical because teachers do not need special 

skills in using them and no electricity is needed so that 

their safety is guaranteed. When going to use it, it can 

be adjusted according to class conditions or in the most 

common way, such as arranging cards in alphabetical 

order or images as desired and when finished, they can 

be immediately saved again so they are not scattered 

and lost. It is easy to remember because the combination 

of text and images on the card makes it easier for 

students to understand the concept of the material 

presented. And lastly, it's fun because flash card media 

in its application as a learning medium is often applied 

through a game or competence [19]. 

2.3 Environmental Pollution 

According to the Indonesian Dictionary the word 

'pollution' comes from the word 'polluted' and means an 

act of polluting or polluting [11]. Pollution is an 

unwanted change of the environment which is mostly 

caused by human activities causing damage to the 

environment. These changes that occur disrupt life in 

ecosystems which can range from biological behavior to 

chemical and physical changes, and of course disrupt 

the lives of living things starting from humans 

themselves, species, beneficial biota, to disrupting 

industrial processes, changing various cultural assets, 

and living conditions. Environmental pollution is one of 

the factors that affect the quality of an environment. 

Environmental pollution is anything in the form of 

chemicals or physics that can be a disturbing factor in 

the balance of an ecosystem. According to UU RI 

number 23 of 1997, environmental pollution is where 

the entry or inclusion of living things, energy, 

substances and/or other components into the 

environment by human activities to make the quality of 

the living environment down to a certain level which 

causes the environment to be unable to survive. function 

properly. So that environmental pollution can occur 

because of a collection of activities carried out by 

humans (population) not from individual activities 

(individuals). Apart from humans, pollution can also be 

caused by natural factors such as Mount Merapi which 

causes volcanic ash, such as when one of the mountains 

in Indonesia erupted, namely Mount Merapi [20]. 

The environment in which humans live is of course also 

a place for storing waste from human activities. 

However, the environment itself can survive with its 

condition and then neutralize its condition back to its 

initial state if the waste is still within the carrying 

capacity of the environment itself. The environment can 

accommodate waste that comes from the results of 

household activities to industries that are in the 

environmental area. The waste that is accommodated by 

the environment can come from household waste to 

industrial waste that is near the environment. So that 

this affects the occurrence of environmental changes to 

the state of the quality of the environment both in soil, 

air and water as well as microorganisms, flora and 

fauna. Especially for microorganisms, environmental 

conditions and waste in the environment will provide 

the potential to inhibit or stimulate the growth of 

microorganisms. In Law no. 32 of 2009 concerning 

Environmental Protection and Management in Article 

20 paragraph 2 mentions the characteristics of 

environmental quality standards consisting of water 

quality standards, sea water quality, wastewater quality, 

ambient air quality, disturbance quality, emission 

quality and other quality standards that are adjusted on 

the development of science and technology. Based on 

these quality standards, in general, the measurement of 

environmental quality can be seen based on biological, 

physical, and chemical parameters [21]. 

3. METHOD 

This research is an experimental research type. 

Experimental research is a research method used to find 

the effect of one treatment on another under controlled 

conditions. This experimental research was conducted 

by giving a treatment to the research subject which then 

saw the effect caused by the treatment. 
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This study uses Pre-Experimental Design by 

applying the One-group Prettest-Posttest Design model. 

This design was chosen to be used in this study because 

in this study there will be a pretest before being given 

treatment so that the results of the treatment will get 

accurate results because of the difference in conditions 

before and after being treated. 

Table 3.1 Research Design One-Group Pretest-Posttest 

Design 

Pretest Treatment Posttest 

O1 X O2 

 

Information: 

O1  = Pretest value before being given treatment. 

X  = Treatment by applying Flash Card learning media. 

O2  = Posttest value after being given treatment. 

 

This research was conducted at Junior High School 

22 Palembang located on Jl. Inspector Marzuki Pakjo 

Palembang, South Sumatra. The subjects tested in this 

study were 20 students of class VII. Data collection 

techniques used are questionnaires and interviews, while 

the analytical techniques used are effectiveness analysis 

techniques. Analysis of the effectiveness of the 

application of Flash Card learning media is carried out 

by first testing students with a pretest sheet and after 

that testing again with a posttest sheet after applying 

Flash Card to the learning process. The learning process 

is carried out for 3 meetings with 2 hours of lessons. 

The test can be done by comparing the individual 

abilities of students before and after using calculation 

learning media through classical calculation formulas. 

                      

  
              

                 
      

The percentage of the effectiveness of the media used in 

learning can be seen from below. 

No. Achievement Rate (%) Category 

1. 90 – 100 Very Effective 

2. 80 – 89 Effective 

3. 65 – 79 Quite Effective 

4. 55 – 64 Less Effective 

5. 0 – 54 Ineffective 

 

4. RESULTS AND DISCUSSION 

4.1 Results 

The effectiveness test is a test carried out with the 

aim of measuring the success rate of using learning 

media in improving student learning outcomes. The 

difference in learning outcomes can be seen from the 

completeness of student learning outcomes obtained 

from the pretest (initial test) and posttest (final test) 

assessments carried out by 20 students from class VII 

who have followed the learning process that applies 

Flash Cards as a learning medium on environmental 

pollution material. The results obtained were then 

analyzed using the Ms. Excel 2021 out of 20 students 

who were tested, the score for the pretest with an 

average percentage of 63.5 and for the posttest with a 

percentage of the average score obtained was 88.0. 

Based on the results of the scores on the pretest and 

posttest, it can be concluded that there is a difference in 

scores between the results obtained before and after the 

media is used in learning. Then on the completeness of 

student learning outcomes, it is found that students who 

have not reached the minimum score get a percentage 

score of 15% and those who have completed get a 

percentage score of 85%. So, it can be concluded that 

the Flash Card learning media is effectively used in the 

learning process. 

4.2 Discussion 

Based on the results of the research that has been 

done, it shows that the Flash Card learning media is an 

effective learning media to be used in the learning 

process. The effectiveness of a learning media can also 

be seen from the cognitive learning outcomes of 

students who have increased. Kintoko and Rifai (2017) 

state that the learning media developed can be said to be 

an effective learning media if it has met several 

indicators such as student learning outcomes showing 

85% of all research subjects get a complete score and 

student responses indicating that there is a response. 

positive response from students towards the developed 

learning media [22]. 

During the learning process by applying the 

developed flash card learning media, the attitudes and 

actions of students experienced positive changes. The 

atmosphere of the learning process becomes more active 

and livelier due to the formation of discussion groups 

that actively ask questions during teaching and learning 

activities. The supervising science teacher also 

commented that with the flash card learning media, 

students showed more of their abilities in front of the 

class and were more active in the learning process. In 

addition, when previously one material was not 

completed according to the lesson plan, now with flash 

card learning media, it is able to help the learning 

process finish on time and the subject matter is studied 

thoroughly. In addition to the complete score, the 

effectiveness of a learning media development is seen 

from the enthusiasm and enthusiasm of the participants 

in the learning process that applies the learning media 

[23]. 

Based on the research of Damayanti et al, on the 

development of visual flash card media on the 

interaction of living things with their environment, it 

shows that the learning process using the developed 

product is more effective than conventional learning 
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with the results of the effectiveness test on learning 

outcomes with almost all students passing grades. 

minimum completeness [24]. In the research of Ikhwati 

et al., with research on the development of integrated 

science flash card learning media on air pollution 

material, students' final grades which include pre-test 

scores, discussion scores and post-test scores show 

positive results, the scores obtained have passed the 

minimum learning mastery value. with the class average 

having passed the KKM score [25]. From the results of 

these studies, the flash card learning media is an 

effective medium in the learning process and the 

effectiveness test of this study shows that it is easier for 

students to understand science subject matter by 

observing pictures so that the quality of student learning 

also increases. 

5. CONCLUSION 

Based on the research that has been done, the Flash 

Card learning media on the Environmental Pollution 

material is an effective learning media to be used in the 

learning process and is able to increase the positive 

response of students during the learning process. 
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ABSTRACT 

This study aims to find out how much influence the Somatic, Auditory, Visual, Intellectualy learning model has in 

improving the learning outcomes of high school science students. Research with the title of Somatic, Auditory, Visual, 

Intellectualy models in improving science learning outcomes has been done a lot before. However, there has been no 

further study of the results of the research summarized and analyzed the influence of Somatic, Auditory, Visual, 

Intellectualy learning models in improving the learning outcomes of high school science students. The data collection 

in this study was obtained by searching journals from Google Scholar written by general researchers and students. The 

keywords used to search for journals are: "Somatic, Auditory, Visual, Intellectualy", “science learning outcomes”. The 

data obtained are the results of previously conducted research which is then analyzed using the technique of meta-

analysis of the magnitude of the influence or effect size. From the results of the analysis of 10 research journals, the 

calculation of the effect size was 2.31 which showed a very large effect size value. Based on the results obtained, it 

can be concluded that the application of the Somatic, Auditory, Visual, Intellectualy learning model has a very large 

influence in improving the learning outcomes of high school science students.  

Keywords: Meta-Analysis; Somatic, Auditory, Visual, Intellectualy; Science Learning Outcomes.

1. INTRODUCTION 

Education is a medium that can shape a person's 

character to be more potential and quality, so that with 

the existence of education humans will experience a 

process of self-maturation in decision making the 

problems faced accompanied by a great sense of 

responsibility. Indonesia is one of the countries that 

supports the development of education of its people as 

described in Law Number 20 of 2003 concerning the 

National Education System in Chapter 1 Article 1 

Paragraph 1 "Education is a conscious and planned 

effort to create a learning atmosphere and learning 

process so that students actively develop their 

potential". To achieve educational results as expected in 

the law, a learning process is needed that can form 

students with character, piety, independence and can 

play an active role in nation building. The learning 

process is an effort made by educators or teachers in a 

deliberate way that aims to convey knowledge by 

organizing and forming a learning environment system 

with various methods so that students can carry out 

learning activities optimally [1]. One of the places that 

can support the learning process with a supportive 

situation is the school environment. The school 

environment as a formal environment has several levels, 

namely the level of basic education, junior high 

education, upper secondary education, and higher 

education. Education at the high school level is very 

important because education at this level will support 

the success of students at the next level. 

One of the learning contents taught in high school is 

Natural Science (IPA). Natural Sciences studies about 

science. Science is a science developed based on the 

scientific method of the symptoms and phenomena of 

the universe both concerning living and non-living 
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things. A distinctive feature of learning Natural 

Sciences is the presence of physics, chemistry, and 

biology subjects [2]. From the expert statement above, it 

can be concluded that Natural Science is an important 

learning content for high school students because this 

learning can build their way of thinking to solve 

problems in everyday life and can be used in social life 

later. The learning process can be said to be successful 

if students get maximum learning results. Learning 

outcomes are the achievement of a form of behavior 

change from cognitive, affective, and psychomotor 

aspects of the learning process carried out within a 

certain period of time [3]. Learning outcomes are 

changes in behavior that occur in a person that can be 

observed and measured in the form of knowledge, 

attitudes and skills [4]. Learning outcomes are the result 

of changes in student behavior after carrying out 

teaching and learning activities [5]. Learning Outcomes 

are also the results of an assessment of student abilities 

expressed in the form of numbers obtained by students 

from a series of tests and final exams given by the 

teacher after going through the learning process [6]. 

There are several factors that can affect learning 

outcomes 1) internal factors, are factors that come from 

oneself, such as psychological factors, 2) external 

factors, namely factors that come from outside, 

including social and non-social factors [7]. From the 

above opinions, it can be concluded that learning 

outcomes are achievements obtained by students from 

cognitive, affective, and psychomotor aspects of 

students after going through a learning process that is 

influenced by internal and external factors. 

The learning model chosen by the teacher is one of 

the sources related to other factors. A learning model is 

a pattern or design used in planning a learning in the 

classroom [8]. A conceptual framework that regulates 

the student's learning process regularly and 

systematically to manage the student's learning 

experience and to achieve the desired learning goals is 

also referred to as the learning model [9]. The learning 

model essentially describes the entirety that occurs in 

learning from the beginning of learning, during learning, 

as well as the end of learning not only for teachers but 

also students [10], based on some of the statements of 

experts above, the selection of learning models by 

teachers must be appropriate in order to achieve 

maximum learning results. By choosing the right 

learning model, the learning process will be more 

enjoyable for students and can increase student 

creativity and can make it easier for students to receive 

material. Somatic, Auditory, Visual, Intellectualy 

(SAVI) is one of the learning models that involves the 

senses in the body that support learning, learning by 

moving physically actively, by utilizing the senses as 

much as possible, and making the whole body or mind 

involved in the learning process. In the Somatic, 

Auditory, Visual, Intellectualy (SAVI) learning model, 

students are required to actively participate in learning 

such as conducting experiments, observing, presenting 

the material they have obtained, then solving problems 

based on the knowledge or knowledge that students 

have gained during learning. Involvement in learning 

will interest students in learning. Because students don't 

just sit still and listen to the teacher speak in front of the 

class. In addition, with the help of learning media such 

as animations displayed by the teacher, practicum tools 

and LKS (Student Worksheets) as an intermediary for 

material transfer, students can describe everything they 

learn so that they better understand the material and help 

train their mindset in understanding the concepts 

learned. 

The Somatic, Auditory, Visual, Intellectualy (SAVI) 

Learning Model is an approach that emphasizes active 

and passive student activity by combining physical 

movement and intellectual activity as well as the use of 

senses in learning [11]. Student activity in learning is 

not only from a cognitive point of view but involves 

mental, emotional, and physical activity. The Somatic, 

Auditory, Visual, Intellectualy (SAVI) Learning Model 

consists of four elements, namely somatic (involving the 

body and moving the body during learning activities), 

auditory (learning by speaking and listening), visual 

(learning by observing and describing), and intellectual 

(learning with concentration of the mind and practicing 

using it through reasoning, investigating, identifying, 

discovering, constructing, solving problems, and apply) 

[12]. The four elements are summarized in each stage of 

learning. Through this approach, students learn not only 

to do notetaking and listening activities but involve all 

activities such as seeing, hearing, speaking, and doing 

things so that students' memories of the material can 

reach 90%. In addition, students will also be involved in 

answering the questions asked so that the student's 

intellectual becomes active. Methods that can be used in 

this approach include discussions, demonstrations, and 

experiments. Somatic, Auditory, Visual, Intellectualy 

(SAVI) learning methods also have the potential to 

overcome the diversity of student learning styles in the 

classroom. Each student in a class basically tends to 

have different learning styles in understanding the 

subject matter. Through the Somatic, Auditory, Visual, 

Intellectualy (SAVI) learning method, students can 

improve learning outcomes with their learning styles 

such as how to move, speak, hear, observe, and 

describe, as well as solve a problem and explain it. The 

advantages of the Somatic, Auditory, Visual, 

Intellectualy (SAVI) learning model include: (1) 

awakening student intelligence in an integrated manner 

through the combination of physical motion with 

intellectual activity; (2) students do not forget easily 

because students build their own knowledge; (3) the 

atmosphere in the learning process is pleasant; (4) foster 

cooperation; (5) awaken students' creativity, skills, and 

learning motivation; (6) train students to be accustomed 
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to thinking and expressing opinions and dare to explain 

their answers; (7) variations suitable for all learning 

styles. The Somatic, Auditory, Visual, Intellectualy 

(SAVI) learning model is closely related to the 

cultivation of character values, especially student 

learning creativity [13]. So, the application of the 

Somatic Auditory Visualization Intellectualy learning 

model is expected to improve student learning outcomes 

based on the knowledge they know in daily life, then 

can create fun learning, and optimize student activities 

fully in learning so that learning outcomes can be 

maximized and more meaningful if students experience 

the things they learn. 

There are many uses of Somatic, Auditory, Visual, 

Intellectualy (SAVI) learning models that can affect 

student learning outcomes. There have been many 

research results that prove that using somatic, auditory, 

visual, intellectualy (SAVI) learning models affects 

student learning outcomes. Research with the title 

“Pengaruh Model Pembelajaran Somatic Auditory 

Visualization Intellectualy (SAVI) Terhadap Hasil 

Belajar Siswa SMA di Kabupaten Labuhanbatu (dikaji 

pada Materi Ekosistem)” proves that there are 

significant differences in biology learning outcomes 

when students learn using the Somatic Auditory 

Visualization Intellectualy learning model with students 

learning using conventional learning models, So it can 

be concluded that the Somatic Auditory Visualization 

Intellectualy learning model has an effect on the 

learning outcomes of high school science students [14]. 

The research above research that has been carried out by 

entitled “Pengaruh Penerapan Pendekatan SAVI 

Terhadap Hasil Belajar Kimia Siswa Kelas XI SMAN 1 

Tanjung Raja” obtained the results of research that the 

Somatic Auditory Visualization Intellectualy learning 

model influential to improve the learning outcomes of 

high school science students [15]. Based on the 

description and results of previous research, there has 

been no meta-analysis research, so this study aims to 

determine the influence of the use of the Somatic 

Auditory Visualization Intellectualy learning model on 

the learning outcomes of high school science students 

using the meta-analysis research method. 

 

2. METHOD 

The type of research carried out uses the meta-

analysis research method by quantitatively reviewing 

several articles or analyzing the results of previous 

research. Data collection is carried out by searching for 

articles accessed through google scholar. The keywords 

used to search for articles are "Somatic Auditory 

Visualization Intellectualy" and "Science Learning 

Outcomes". The journal to be studied pays attention to 

the criteria, namely: (1) made by general authors and 

students; (2) published in the last 10 years, namely from 

2012-2021; (3) the article used is entitled the application 

of the Somatic Auditory Visualization Intellectualy 

model in improving the learning outcomes of high 

school science students; (4) research articles covering 

the territory of Indonesia; (5) variable x using the 

Somatic Auditory Visualization Intellectualy model and 

variable y science learning outcomes [16]. Articles that 

meet the criteria will be used as research data that shows 

data before treatment and after being given treatment in 

the form of an average percentage score. Coding 

worksheets become a research instrument as a means of 

collecting data from articles in the form of code 

numbers, research titles, researcher names, years of 

publication, and free variables used. The data analysis 

technique uses prerequisite tests, namely normality 

tests, paired sample tests and calculating the effect size 

to find out how much influence the Somatic Auditory 

Visualization Intellectualy model has in improving the 

learning outcomes of high school science students. 

3. RESULTS AND DISCUSSION 

From the results of the data search, the results of 10 

articles, electronic journals and essays related to the 

influence of the Somatic Auditory Visualization 

Intellectualy learning model on the learning outcomes of 

high school science students were obtained. Then the 10 

data obtained were reprocessed by summarizing and 

given an (S) code which means that the article was then 

reported back using qualitative and quantitative 

descriptive means. The following is data from the 

results of the analysis of the Somatic Auditory 

Visualization Intellectualy (SAVI) learning model: 

Table 1. Percentage of Improving Science Learning 

Outcomes with Somatic Auditory Visualization 

Intellectualy Learning Model 

No. Article 
Code 

Percentage (%) Increased 

Pretest Posttest 

1. S1 59,00 80,00 21,00 

2. S2 66,88 70,49 3,61 

3. S3 64,21 77,00 12,79 

4. S4 79,31 89,66 10,35 

5. S5 68,27 83,10 14,83 

6. S6 52,23 81,93 29,70 

7. S7 46,50 85,80 39,30 

8. S8 64,74 96,77 32,03 

9. S9 53,19 85,11 31,92 

10. S10 33,03 80,83 47,80 

Average 58,73 83,06 24,33 

 

The results of the analysis of data from 10 journals, 

in Table 1, can be seen that the use of the Somatic 

Auditory Visualization Intellectualy learning model 

affects the improvement of learning outcomes of high 

school science students. Table 1 shows an increase in 

the average percentage of learning outcomes of high 
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school science students with the Somatic Auditory 

Visualization Intellectualy learning model with the 

lowest score of 3.61% and the highest score of 47.80% 

with an average increase of 24.33%. 

 

Figure 1. Diagram of Improving Learning Outcomes of 

Science Students with Somatic Auditory Visualization 

Intellectualy Learning Model 

Based on figure 1, it shows an increase in science 

learning outcomes for high school students before and 

after using the Somatic Auditory Visualization 

Intellectualy learning model with an initial percentage 

of 58.73% increased to 83.06%. Significant 

improvement when using the Somatic Auditory 

Visualization Intellectualy learning model. After that, a 

normality test is carried out as a prerequisite test to 

conduct a Paired Sample Test. The following are the 

results of the normality test: 

Table 2. Normality Test of Somatic Auditory 

Visualization Intellectualy Learning Model 

 

 

 

 

 

Based on Table 2, it shows that the results of the 

pretest and posttest normality test of the Somatic 

Auditory Visualization Intellectualy learning model on 

the learning outcomes of high school science students. 

The normality test uses Shapiro-wilk data with the help 

of spss 16 for windows, the significance value of the 

pretest is 0.869 > 0.05, as well as the significance value 

of the posttest which is 0.951 > 0.05, with this it can be 

concluded that the data is normally distributed. Here are 

the paired sample test results: 

Table 3. Paired Samples Statistics Test 

 

 

 

Based on table 3, it can be concluded that from 10 

articles used as data sources by researchers in the 

research process carried out, it shows that learning using 

the Somatic Auditory Visualization Intellectualy model 

has a very large influence on improving the learning 

outcomes of high school science students. The average 

pretest value using the Somatic Auditory Visualization 

Intellectualy model shows a figure of 58.7360. Then 

after using the Somatic Auditory Visualization 

Intellectualy model, the posttest value experienced a 

significant increase, namely 83.0690. The number of 

scores shows a significant change, thus proving that 

using the Somatic Auditory Visualization Intellectualy 

model can help to improve the learning outcomes of 

high school science students. 

Table 4. Paired Samples Correlations Test 

 

 

Based on table 4 above, the Sig value is 0.736 > 

0.05. It can be concluded that there is no relationship 

between the pretest and posttest variables because the 

signification value > 0.05. 

Table 5. Paired Samples Test 

 

 

 

Table 5 shows Sig's results. (2-tailed) 0.000 which 

means smaller than 0.05 (0.000 < 0.05) this result shows 

that H0 is rejected and H1 is accepted, In addition, it can 

be seen that the calculation results of -5.472 and 

obtaining a ttabel of 2.2622, ttabel is obtained from 

table t where the table contains the numbers of the 

percentage points of the df distribution and significant 

levels, it can be concluded based on the results of data 

analysis from the calculation process that has been 

carried out showing a significant difference in science 

learning outcomes of high school students before and 

after using the Somatic Auditory Visualization 

Intellectualy learning model. 

The magnitude of the influence of the use of the 

Somatic Auditory Visualization Intellectualy learning 

model on the learning outcomes of high school science 

students can use the effect size. Below is an 

interpretation of the effect size according to Cohen's d: 

 

 

0

20

40

60

80

100

Pretest

Somatic Auditory Visualization 

Intellectualy Model  

Pretest Posttest

ISSN 2985-5721

Proceeding of International Conference of Education, Sciences, Technology, Engineering, & Mathematics



  

245 

 

Table 6. Interpretation of Effect Size Cohen's d 

Limitation Category 

0 – 0,2 small 

0,2 – 0,5 currently 

0,5 – 0,8 big 

d > 0,8 very large 

 

The use of Effect Size which aims to prove the 

influence of the Somatic Auditory Visualization 

Intellectualy learning model on the learning outcomes of 

high school science students. From the results of the 

calculations carried out by the researcher, the results 

listed in table 3 can be obtained, namely the score at the 

time of pretest has a mean of 58.7360 with a standard 

deviation of 13.03925. Then at the time of the posttest 

the mean experienced a significant increase of 83.0690 

with a standard deviation of 7.09911. The following is 

the result of the Effect Size analysis carried out to see 

the influence of the Somatic Auditory Visualization 

Intellectualy learning model on the learning outcomes of 

high school science students. The following is the 

formula for calculating the effect size based on Cohen's 

d: 

  
                    

√                              
 

 

Information:  

D = Effect Size  

Mpretest = mean pretest  

Mposttest = mean posttest  

SDpretest = standard deviation pretest  

SDposttest = standard deviation posttest 

From the results of the calculations carried out by 

the researcher using the effect size formula above, 

results will be obtained such as data in the effect size 

interpretation table, which can be seen in table 6. The 

following are the results of calculations that have been 

carried out by researchers using the formula above: 
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The results of the effect size calculation carried out 

by the researcher obtained a result of 2.31. It is known 

from the value of d = 2.31 greater than 0.8 (2.31 > 0.8) 

when viewed from the interpretation table of the effect 

size of the results of data analysis obtained are included 

in the very large category, then using the Somatic 

Auditory Visualization Intellectualy learning model has 

a very large positive influence on improving the 

learning outcomes of high school science students. The 

results of this data analysis can be concluded that 

learning using the Somatic Auditory Visualization 

Intellectualy learning model has a very large effect on 

improving the learning outcomes of high school science 

students. 

Effect Size is an important component in meta-

analysis. Effect Size shows the magnitude of the 

influence of a treatment of the relationship between two 

variables. Effect Size can present information from the 

summary results of the analyzed journal. The effect size 

of each study, the average effect size can be determined 

more easily [17]. Researchers carried out an effect size 

calculation formula based on Cohen's d where the 

relationship between variables in this meta-analysis is 

between the influence of the Somatic Auditory 

Visualization Intellectualy learning model and the 

learning outcomes of high school science students. 

Based on the results of the study, the Somatic Auditory 

Visualization Intellectualy learning model is very 

positive in improving student learning outcomes in 

science subjects. The use of the Somatic Auditory 

Visualization Intellectualy learning model has an 

influence on the learning outcomes of high school 

science students. This is judged from the data after the 

application of the Somatic Auditory Visualization 

Intellectualy learning model, student learning outcomes 

are classified as very large with average results from 10 

journals totaling 83.06 from the previous 58.73. From 

this data, there is a significant increase of 24.33, 

meaning that the application of the Somatic Auditory 

Visualization Intellectualy learning model has a positive 

effect on the learning outcomes of high school science 

students. 

In the learning process, the learning model chosen 

by the teacher is very influential on the results to be 

achieved by students, one of the learning models that 

can be used by teachers is the Somatic Auditory 

Visualization Intellectualy learning model, by using this 

learning model, every student in the classroom is 

required to carry out activities, such as combining 

ISSN 2985-5721

Proceeding of International Conference of Education, Sciences, Technology, Engineering, & Mathematics



  

246 

 

physical movements with intellectual activities that can 

have a major influence on learning. The use of the 

Somatic Auditory Visualization Intellectualy (SAVI) 

learning model also has the potential to overcome the 

diversity of student learning styles in the classroom 

[18]. Each student in a class basically tends to have 

different learning styles in understanding the subject 

matter. Through the Somatic Auditory Visualization 

Intellectualy (SAVI) learning model, students can 

improve learning outcomes with their learning styles 

such as somatic, visual, auditory, and kinesthetic. The 

results of research “Penerapan Pendekatan SAVI Untuk 

Meningkatkan Hasil Belajar Fisika Pada Siswa Kelas XI 

SMA Negeri 8 Palu” obtained the result that classes that 

apply the Somatic Auditory Visualization Intellectualy 

(SAVI) learning model can invite students to go through 

the learning process according to the learning style they 

like because each class that applies the Somatic 

Auditory Visualization Intellectualy (SAVI) learning 

model can invite students to go through the learning 

process according to the learning style they like because 

each class that applies the Somatic Auditory 

Visualization Intellectualy (SAVI) learning model can 

invite students to go through the learning process 

according to the learning style they like because each 

class that applies the Somatic Auditory Visualization 

Intellectualy (SAVI) learning model can invite students 

to go through the learning process according to the 

learning style they like because each class that applies 

the Somatic Auditory Visualization Intellectualy (SAVI) 

learning model can invite students to go through the 

learning process according to the learning style they like 

because each class that applies the Somatic Auditory 

Visualization Intellectualy (SAVI) learning model can 

invite students to go through the learning process 

according to the learning style they like because each 

class that applies the Somatic Auditory Visualization 

Intellectualy (SAVI) learning model can invite students 

to go through the learning process according to the 

learning style they like the student has at least one of the 

four learning styles that stand out in him. Students are 

invited to be actively involved in using many senses 

such as practicum, speaking a learning concept, 

watching, or seeing pictures, listening, and thinking in 

solving problems both individually, in pairs and groups 

so that in the end student responses and learning 

outcomes can increase [19]. 

The Somatic Auditory Visualization Intellectualy 

(SAVI) learning model consists of four elements, 

namely somatic (involving the body and moving the 

body during learning activities), auditory (learning by 

speaking and listening), visual (learning by observing 

and describing), and intellectual (learning with 

concentration of the mind and practicing using it 

through reasoning, investigating, identifying, 

discovering, constructing, solving, solving problem, and 

apply) [20]. The four elements are summarized in each 

stage of learning. Through this approach, students learn 

not only to do notetaking and listening activities but 

involve all activities such as seeing, hearing, speaking, 

and doing things so that students' memories of the 

material can reach 90%. In addition, students will also 

be involved in answering the questions asked so that the 

student's intellectual becomes active. This result 

strengthens the which shows that the learning model 

with the application of the Somatic, Auditory, Visual, 

Intellectualy (SAVI) learning approach is an effective 

and efficient way of learning to be used in the learning 

process in science subjects [21]. This is because this 

learning approach will invite students to learn by doing 

and moving, talking, and hearing, observing and 

describing and solving problems, so that students will 

use all their senses to learn. Another research was also 

showed that some of the things that cause the Somatic 

Auditory Visualization Intellectualy learning method to 

improve learning outcomes are because in this Somatic 

Auditory Visualization Intellectualy learning method, 

students in the experimental class play a more active 

role in seeking new knowledge or concepts in a way that 

teachers provide freedom for students both physically 

and intellectually by maximizing the style learn what 

you have [22]. Students who are taught using the 

Somatic Auditory Visualization Intellectualy learning 

method produce a better understanding of concepts, last 

longer and allow students to understand the ongoing 

material compared to control classes taught using 

conventional methods where students tend to only 

accept the material presented. Teachers are dominant in 

learning and student learning styles are not 

accommodated by conventional methods. The 

application of the Somatic Auditory Visualization 

Intellectualy learning model is expected to improve 

student learning outcomes based on the knowledge they 

know in daily life, then can create fun learning, and 

optimize student activities fully in learning so that 

learning outcomes can be maximized and more 

meaningful if students experience the things they learn. 

From the results of the researcher's analysis, it can 

be concluded that the use of the Somatic Auditory 

Visualization Intellectualy learning model affects the 

improvement of learning outcomes of high school 

science students, because the learning process in this 

learning model involves students directly so that 

students can play an active role in the learning process, 

and students will not easily feel bored and saturated, 

that way the influence given to the use of the Somatic 

learning model Auditory Visualization Intellectualy on 

the learning outcomes of high school science students 

can have a very large effect which is known from the 

value of d= 2.31 greater than 0.8 (2.31 > 0.8) when 

viewed from the interpretation table of the effect size on 

the learning outcomes of high school science students. 

The increase in learning outcomes from each study is 
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also different, this can be influenced by several factors 

such as internal and external factors. 

4. CONCLUSION 

From the results of the meta-analysis of the Somatic 

Auditory Visualization Intellectualy learning model on 

the learning outcomes of high school science students, 

researchers can conclude that the Somatic Auditory 

Visualization Intellectualy learning model has a very 

large effect on improving the learning outcomes of high 

school science students from the lowest score of 3.61% 

to the highest score of 47.80% with an average increase 

of 24.33% and from the calculation of the effect size 

obtained a value of 2.31, which means it can be 

categorized in the interpretation of effect size that the 

use of the Somatic Auditory Visualization Intellectualy 

learning model has an effect on improving the learning 

outcomes of high school science students. The advice 

that can be conveyed from the results of this study is 

that it is hoped that the use of the Somatic Auditory 

Visualization Intellectualy learning model can make and 

apply the Somatic Auditory Visualization Intellectualy 

learning model as a learning model that can encourage 

students to enter their comfort zone while studying in 

class so that students will play an active role and get 

more knowledge by exchanging ideas with each other, 

that way the use of the Somatic Auditory Visualization 

Intellectualy learning model will affect the improvement 

of learning outcomes of high school science students, 

then for teachers can use this Somatic Auditory 

Visualization Intellectualy learning model in the 

selection of learning models to improve student learning 

outcomes. The results of this study are expected to 

provide an overview or information for subsequent 

researchers who will conduct research on the use of the 

Somatic Auditory Visualization Intellectualy learning 

model in the learning process then are expected to be 

able to use more articles or other relevant sources by 

tightening their selection and it is hoped that in the 

selection of research results that will be used in meta-

analysis research can pay attention to the method and 

statistical methods, thus from the research of meta-

analysis will obtain more accurate results. 
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ABSTRACT  

Life and the environment are interrelated and inseparable from the life of humans, animals, and plants which are 

definitely dependent on the environment. Therefore, protecting the environment must be done so that the ecosystem in 

this world is always maintained. One of them is the ecoliteracy process, namely awareness about the importance of 

maintaining and processing natural resources owned by a person. The golden age, namely early age, is the age in the 

formation of children's character and attitudes. Early childhood is the age of character recognition, self-recognition 

and environment so that the child can recognize his environment. Children as the next generation of the future must 

love and have an awareness of protecting the environment which can start from the health of the surrounding 

environment, in order to continue a good life in the future. In this qualitative research using literature research 

methods or literature studies. The results of the literature study obtained that if from an early age introducing nature to 

children will make the generation care and love for the environment as well as other living beings in this nature. 

Efforts that can be made to introduce ecoliteracy can use the storytelling method, the E-Darlink program and by 

carrying out activities to grow live pharmacy plants, the STRAW program and the use of picture books. 

Keywords: Early Childhood;  Ecoliteracy;  Environmental Health.

1. INTRODUCTION  

Life and the environment are interrelated and 

inseparable from the life of humans, animals, and plants 

which are definitely dependent on the environment. 

Therefore, protecting the environment must be done so 

that the ecosystem in this world is always maintained. 

One of them is the ecoliteracy process, namely 

awareness about the importance of maintaining and 

processing natural resources owned by a person. 

Children as the next generation of the future must love 

and have an awareness of protecting the environment 

which can start from the health of the surrounding 

environment, in order to continue a good life in the 

future.  

With the habituation of values and characters and a 

positive attitude from caring for the environment, this 

attitude will continue to be attached along with the 

development and age of students, so that students will 

always care and get used to the environment around 

them starting from home, school, and community [30]. 

Environmental education is important to be provided 

from an early age so that environmental balance and 

sustainability can be maintained. An attitude that is 

instilled from an early age related to caring for the 

environment will make a character in children to adults. 

This will make children more sensitive about the 

situation in the natural environment where they live and 

the surrounding environment. Thus, problems related to 

the environment will be able to be overcome and 

prevented in the future. Environmental problems that 

currently occur due to the actions of ignorant humans 

include not re-preserving after deforestation, littering to 

cause floods, etc. This can illustrate the lack of 

awareness possessed by humans in protecting and 

preserving the environment. So that from an early age it 

is necessary to provide understanding related to the 

ecoliteracy of each individual [31]. 
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Education is a system that influences and influences 

each other, such as the government of a country and the 

growth of future society [3]. In a country's efforts to 

continue to develop and be able to compete with other 

countries, entrepreneurship related to the environment, 

one of which is ecopreneurship. Ecopreneurship is an 

innovative activity or effort in creating an 

environmentally friendly product that can generate 

financial benefits by utilizing and regulating 

opportunities that exist in the surrounding environment 

[1]. 

Environmental health is an ecological balance to 

ensure the healthy state of humans that must exist 

between humans and the environment. In the Qur'an and 

Al-Sunnah which are the sources of Islamic teachings 

that explain how Islam itself highlights problems related 

to environmental health and hygiene. This shows how 

important it is to maintain cleanliness and 

environmental health in the form of recommendations 

for the safety of humans around it and will be very 

influential, so the importance between maintaining 

personal hygiene and environmental health [11]. 

Ecoliteracy is the ability to understand the 

environment around individuals and understand how to 

preserve the environment.With the introduction of 

environmental health since childhood or early age, it is 

hoped that it will make children as individuals with high 

awareness related to the importance of preserving the 

environment as a provision for the nation's generation. 

There are several ways to introduce early childhood to 

ecoliteracy that can be done. Rescent research shows the 

results that one of the ways / efforts that can be used in 

introducing ecoliteracy in early childhood is by using 

the storytelling method [31]. Stories are a strategy in 

introducing ecoliteracy that can be used to children 

through storylines, then there is a moral message and 

the emotions of the story. 

The concept of ecoliteration plays an important role 

in improving the ability to solve an environmental 

problem in the form of knowledge and behavior as well 

as attitudes. The process of students in understanding 

problems, making plans and taking actions in solving 

problems is an environmental problem-solving ability 

[17]. Problem solving can help in solving a problem in 

all parts of life [4]. The purpose of Ecoliteracy is to 

build a sustainable society that has an awareness of the 

importance of protecting the environment [12]. 

If someone who has an understanding of ecology 

will be able to solve environmental problems, with a 

broad understanding of ecological literacy, then 

implying a broad understanding of how to get people to 

be interconnected with each other as well as with natural 

systems, it will certainly increase a person's concern for 

the environment [9]. Ecoliteracy owned by individuals 

will be able to align development growth with the 

environment, this will create a harmonious environment 

between the environment and society [2]. The ability to 

ecoliteration possessed by a person can be reported 

through sensitivity or empathy for the environment, 

having responsibility, following the steps and 

procedures of rules in a system and being aware of 

environmental management [27]. 

Building natural connections since childhood is a 

very pending thing. Monroe (2003) in [10] found people 

who choose careers in the environmental field i.e. 

education nominated in schools and the opportunity to 

experience and develop proximity to the natural 

environment as a significant factor, this certainly affects 

their career choices. 

Therefore, the importance of introducing early 

childhood related to ecoliteracy in order to foster 

awareness in children in maintaining and maintaining 

the environment around them through the stages of 

cognitive development of children which will ultimately 

implement environmental love behaviors in daily life 

with an appropriate approach [20]. Based on the 

explanation above, it will be explained through this 

article a description of the theory of environmental 

health through ecoliteracy in early childhood which is 

expected to produce the next generation who are aware 

and sensitive to environmental health in order to reduce 

various environmental problems that occur caused by 

humans. Because someone who is literate in ecology 

will know how to relate and behave with ecosystems 

[28]. 

Recent studies suggest that environmental education 

in early childhood can continue to be improved through 

introducing more content related to ecoliteration in the 

classroom [16]. Then playing in nature has also been 

recommended as one of the methods to introduce 

ecoliteration to children [15]. 

2. METHODOLOGY  

The type of research used is qualitative research 

with literature research methods or literature studies. 

Literature study is a method of collecting library data 

without doing research, namely by reading, recording or 

processing library collection materials. (Zed 2008 in 

[31]). Literature research is a type of qualitative 

research which is one of the research methods by 

collecting data, either research or without conducting 

field research, namely through literature sources in the 

form of books or articles. This research uses literature as 

a source of data in the form of articles, books and 

scientific papers related to ecoliteracy and 

environmental health, especially ecoliteracy in early 

childhood. 
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3. DISCUSSION  

3.1. Environmental Health 

One of the basics of health from modern society is 

environmental health which aims to be able to maintain 

and increase the amount of value that exists in human 

health itself, not only from social and physical factors 

but also comprehensively so that it can bring influences 

that include health, tranquility, as well as the safety of 

mankind which includes the nature and behavior of all 

aspects of humans in relation to the environment. 

According to Law No. 32 of 2009 concerning 

Environmental Management and Protection, the 

environment is defined as a unity of space with objects, 

powers, circumstances and living beings including 

humans and their behavior, which affects the survival of 

fairy life and the welfare of humans and other living 

beings. Environmental health can also be referred to as a 

condition of environmental conditions that reach 

optimal and can have a positive effect on the optimal 

realization of health status [1]. 

In Islam, environmental health is widely explained 

and encouraged and even obliged to always maintain the 

health of the environment and the survival of other 

creatures on earth. The concept of oneness of God 

(tawhid), sharia and morals is a unified concept and is 

related to saving and preserving the environment. Every 

human behavior and action must be based on the belief 

in the absolute power and oneness of Allah swt. which 

relates to other beings or their environment because man 

must be responsible for all the actions he performs on 

Him. Evidence of the existence of Islamic teachings as 

in a hadith that explains about maintaining health "From 

'Abdullah bin 'Umar, said, "Among the prayers of the 

Messenger of Allah SAW said in HR. Muslim no. 2739: 

" O Allah, I seek refuge in Thee from the withdrawal 

of Thine blessing and the change of Thine protection 

(from me) and from the sudden wrath of Thine, and 

from every displeasure of Thine." 

The Islamic view of nature (the environment) is the 

unity (holistic) of the Creator and also living beings 

(including humans) and interconnectedness. The 

explanation of man as a creature of God as well as a 

servant and Caliph on earth is explained in Q.S Al-

An'am verse 165. 

 
وَهُوَ الَّذِي جَعلَكَُمْ خَلََئِفَ الْْرَْضِ وَرَفعََ بعَْضَكُمْ فوَْقَ بعَْضٍ  

درََجَاتٍ لِيبَْلوَُكُمْ فيِ مَا آتاَكُمْ ۗ إنَِّ رَبَّكَ سَزِيعُ الْعِقاَبِ وَإنَِّهُ لغَفَوُرٌ 

 رَحِيمٌ 
 

Means: “He it is Who hath placed you as viceroys of the 

earth and hath exalted some of you in rank above others, 

that He may try you by (the test of) that which He hath 
given you. Lo! Thy Lord is swift in prosecution, and 

Lo! He verily is Forgiving, Merciful” 

The principles taught by Islam are related to health, 

cleanliness and inner birth purity which is a unity in a 

system that has an integration between health, both 

physical and spiritual health, because one of the 

conditions for achieving a prosperous life in the world 

and happiness in the hereafter is physical and spiritual 

health [11]. 

3.2. Ecoliteracy  

Ecoliteracy stands for ecological literacy which is 

known as ecological literacy, environmental literacy, 

ecological literacy, and environmental literacy. 

Ecoliteracy comes from the words eco and literacy. Eco 

which means household (derived from Greek) or 

another understanding, namely the universe, the earth, 

which is the place where all living things live. And 

literacy which means literacy, literacy of knowledge 

about how to care for and maintain the universe as a 

place for living things [26]. 

Ecoliteracy is a way to create a balance between 

natural resources and community needs through people's 

understanding of the importance of global ecological 

awareness. Ecoliteracy is a way of thinking about global 

awareness related to the environment in order to create a 

balance between the availability of natural potential and 

the needs of society by considering a consequence of 

human actions [5]. Ecoliteracy is also understood as the 

preservation of ecosystems into people's minds through 

awareness-building behaviors. The result of ccoliteracy 

is green behavior or behavior of preserving the 

environment [18]. 

Ecoliteracy is the awareness of humans in protecting 

and preserving nature. Knowledge, attitudes, character, 

and skills in cultivating and preserving nature obtained 

from lifelong learning processes will be formed through 

such awareness [14]. Ecoliteracy describes human 

awareness of the importance of protecting the 

environment [21]. When the individual has achieved 

ecoliteracy regarding the importance of caring for and 

maintaining the earth as a natural place for living things, 

it is certain that the person has green behavior. 

Keraf in [7] defines ecoliteracy itself describing the 

high awareness possessed by humans or individuals of 

the importance of the environment. Ecoliteracy is an 

ability to understand how to preserve the environment 

and understand the surrounding environment [32]. The 

process of improvement in the form of understanding, 

knowledge, attitudes and also behaviors related to 

ecology is also called ecoliteration [5]. Ecological 

intelligence is a complex intelligence. The ecological 

intelligence of a person is based on the knowledge of 

both attitudes and consciousnesses, actions and 

behaviors that are in harmony with nature and the 

environment [34]. 
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Orr (1992) in [9] stated about ecoliteracy, namely a 

person needs an understanding of ecology and efficacy 

for basic purposes in solving environmental problems. 

Such sustainability leads a person to look for other 

alternatives to the activities he is carrying out with the 

aim of reducing the negative impact on the environment 

and others. The concept of sustainability is how a 

person can understand ecological sustainability with the 

competence of knowing where they live, understanding 

nature as a model of how humans can reduce waste, 

understanding there are limits to growth not 

development. Therefore, someone who already has 

ecological literacy will need a knowledge of causal 

relationships and also a caring attitude. In addition, it is 

also useful in acting based on the knowledge and 

attitudes that have been possessed if you have practical 

competence. Practical competence is gained from direct 

experience in doing things. 

The four basic principles of environmental literacy 

are: (1) knowledge and skills (including the ability to 

think critically and systematically regarding the solution 

of environmental problems); (2) affective and cognitive 

dispositions towards environmental issues ; (3) an 

understanding of the environment and environmental 

issues; and (4) environmentally responsible behavior. 

This principle provides the basis for the development of 

an environmentally literate society, equipped to be able 

to understand and recognize the state of human systems 

and the environment that are ready to overcome the 

problems faced in the world by connecting experience 

with action. It then relates those experiences to actions 

that provide tremendous potential to be able to change 

how environmental issues are [33]. 

Ecoliteracy is the ability to understand the 

surrounding environment and understand ways to 

preserve the environment around individuals. The 

understanding of ecoliteracy given to children from an 

early age can make children as individuals who have a 

high awareness of the importance of preserving the 

environment. Caring for the environment is also one of 

the characters that needs to be equipped to the 

Indonesian generation. The introduction of ecoliteracy 

in early childhood can be done through learning in 

schools [12]. 

3.3. Early Childhood  

The Directorate of Early Childhood Education 

(2002) states that children with an age range of 0-6 

years have an effect on their next life, namely those who 

are still in their infancy as well as development. 

Children in that age range can also be referred to as 

preschoolers. Early childhood is a child who usually 

attends a preschool program that ranges in age from 3-6 

years. While generally in Indonesia, early childhood 

children with an age range of 3-5 years participated in 

the Child Care Program, the age range of 3 years 

participated in the Playgroup program while generally 

the Kindergarten program was followed in the age range 

of 4-6 years (Biechler and Snowman 1993 in [23]). 

Moeslichatoen (2004) in [23] argues that in 

Kindergarten to be able to achieve goals must use 

methods from learning that are in accordance with the 

developmental dimensions of the child, including: a) 

Play, b) Field trips, c) Conversing, d) Storytelling, e) 

Demonstrations, f) Projects and g) Assignments. 

3.4. environmental Recognition Education in 

Early Childhood  

 

Education related to the environment must be given 

from an early age which is mainly based on direct 

experience and also in contact with the environment, 

this will provide experiences that can shape behaviors 

and values and habits to be able to appreciate the 

environment around them. Three reasons that are the 

main reasons for the need to be given from an early age 

are related to environmental education, including: 1) 

children at an early age must develop a love for the 

environment because the development of these feelings 

is expected to be well embedded, 2) learning ability and 

quality of life in the development of a healthy child's 

life which can be encouraged through the interaction of 
the natural environment which is an important 
part, 3) provide an understanding to children that 
any religion and any religion is recommended to 
always protect the environment and preserve, 
protect nature and avoid damage [8]. 

Efforts that can be made to improve an 

environmentally conscious behavior have been applied 

and carried out in several existing agencies or schools, 

but the efforts that have been made, especially in the 

ECCE unit, are still not optimal. Educators or teachers 

in giving and teaching related to environmentally 

conscious behavior in early childhood are still many 

who experience confusion, which should be at an age in 

developing excellent environmentally conscious 

behavior. Early childhood is a golden age in the 

formation of children's attitudes and character. This age 

is an age in self-recognition as well as character and 

environment so that the child can be familiar with his 

environment [23]. 

Generally, the time spent by early childhood is more 

used to play. According to Jerome Bruner in [23]. 

mentioning that material can be taught as various ways 

that are appropriate to development to each age group. 

The keyword 'play' can be a medium and also a 

substance in learning in early childhood, namely play 

which can be a medium and also the substance of the 

education itself. Research conducted by  [23] proposes 

efforts to be able to improve environmentally conscious 

behavior, namely through the AUD Teacher E-Darlink 
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program (Environmentally Conscious Education in 

Early Childhood Teachers), namely by educating about 

the importance of having an environmentally friendly 

through play media. Research by [32] shows results, 

namely one way in introducing ecoliteracy for early 

childhood is to use the storytelling method. Meanwhile, 

according to [22] in their research, the results were 

obtained that the role of parents is very influential in 

fostering ecoliteracy attitudes in children by carrying 

out plant planting activities with live pharmacies. 

In early childhood, it is also known as an active 

learner who is close to the surrounding natural 

environment. That way, the introduction of nature to 

children will make a generation that cares and loves the 

environment as well as other living things contained in 

nature will be formed. Five points for the development 

of ecoliteracy attitudes, namely: a) Develop empathy for 

all forms of life. A learning that focuses on awareness 

and empathy for the environment to students. b) 

Embrace sustainability as a community practice. A 

group study to teach each individual's responsibility in 

understanding how the environment is sustainable. c) 

Make the invisible visible. Students will be made to get 

closer and animate in every process in learning through 

real learning. d) Anticipate unintended consequences. 

The fourth stage teaches students to be able to take full 

responsibility for the work they have. e) Understand 

how nature sustains life. At this stage students become 

aware of the impacts that will occur if the environment 

is not maintained [25]. 

Ecoliteracy also plays a role in the context of 

leadership that leads to an understanding of being a 

leader who is open and accepting of the world around 

him so that he can quickly learn from the experiences 

contained in the ecological system that includes oneself 

and its relationship with others that allows for the unity 

of values between oneself and others. A future leader 

must be able to adjust to others as well as his 

environment because having an open mind about the 

relationship of nature and social experience will provide 

varied challenges (Dewey 1991 in [29]). 

The use of picture books also provides a significant 

advantage as a mentor text for children in early primary 

education. The alignment of words and images engages 

and challenges children as young learners to be able to 

acquire knowledge in a variety of ways. Studies 

conducted by Debby 2007 in [35] showed that the use of 

picture books in early childhood can stimulate cognitive 

development. Young children tend to have a positive 

attitude towards nature as well as science. So there are 

more than many picture books that contain nature and 

animals for children compared to books on engineering 

or technology [6]. This positive attitude can train critical 

thinking skills from an early age that can be utilized 

through the use of picture books [24]. School has a role 

in promoting ecoliteration and system thinking by 

paying more attention to the emerging structure, the role 

of the leader here is to facilitate all emergence that 

occurs to be more creative and requires a leader to 

transfer an intellectual understanding of the 

interconnection between the mind and the world in 

actual practice [5]. 

An example of education for ecoliteration is 

STRAW (Students and Teacher Restoring a Watershed). 

This is obviously to prepare students, because it is the 

student who inherits a number of environmental 

challenges of climate change, biodiversity loss, dirty 

wealth inequality and depletion of resources and much 

more. So this generation needs leaders who can 

understand the relationship between the human system 

and nature itself who have knowledge, will, and ability, 

as well as courage in taking action (Stone, 2017).    

Learning through nature is one of the good ways to 

introduce the environment to children. Through nature 

schools, it provides opportunities for teachers to be able 

to develop and explore various ways of teaching 

education and science for sustainable development, 

especially outdoor education in the community.  

Sustainability is a practice represented as an action in 

which people learn about the action with exercise 

(Stone, 2017). 

Examples of education that can be given are outdoor 

education or non-formal education such as educational 

events or programs held in parks, zoos or other places 

for the general public. These places that support the 

events of non-formal education provide a unique 

situasion where people can continuously improve their 

environmental literacy through interaction with nature, 

offering additional opportunities to be able to continue 

to explore, improve and develop environmental 

knowledge, attitudes, and behaviors [13]. 

With modern and ever-evolving life there are 

concerns that it will go too far to switch to using 

technology. There is recognition and also the need to be 

able to obtain balance and connect children with nature. 

One of them is a study conducted by [10] discussing the 

kitchen garden program in elementary schools is one of 

the transdisciplinaries and provides reasons for learning. 

The language of children's ownership in discourse 

regarding the environment indicates the self-confidence 

of these children as active participants in their world 

[19]. 

The concept of zero waste can also increase 

ecoliteration, this is in accordance with research by [30] 

which found the results that ecoliteration based on the 

concept of zero waste in social studies learning carried 

out directly by each student is a form of concern for the 

surrounding environment and also increases social care 

that will have an impact on character building. 

Ecoliteracy is the ability to understand the 

surrounding environment in order to maintain the 
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balance of natural ecosystems and will have a further 

impact on life in the environment of the ecosystem. 

Environmental sensitivity is one of the abilities to 

understand the environment. Such as realizing that the 

act of littering can cause flooding. The habit of using 

plastic bags, plastic straws and disposing of their waste 

carelessly can be detrimental to other living things. 

Environmentally conscious behavior can be started by 

providing an understanding of the importance of 

preserving the environment and its impacts and taking 

actions that are able to protect environmental 

sustainability [12]. 

4. CONCLUSION  

One part of the basic health foundations of modern 

society is environmental health which aims to be able to 

maintain and increase the amount of value that exists in 

human health itself, not only from social and physical 

factors but also as a whole. In Islamic teachings, 

environmental health is widely explained, it is 

recommended and even obliges to always maintain 

health regarding the environment and the survival of 

other creatures on earth. Ecoliteracy is a way to create a 

public understanding of the importance of ecological 

awareness globally, therefore between natural resources 

and community needs, a balance can be created. 

Children in the early age range are active learners. 

Introducing nature to children from an early age is 

expected to form the next generation who care and love 

the environment and other living things in nature. 

Efforts that can be made to introduce ecoliteracy can be 

using storytelling methods, the E-Darlink program and 

by carrying out live pharmacy plant planting activities, 

straw programs, the use of picture books etc. 
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ABSTRACT  

The purpose of this study was to determine the physical quality of texture and damage rate of edamame at various 

harvest ages. The study was structured using a randomized complete block design with 5 treatments, each treatment 

having 4 replications. The research data will be analyzed by ANOVA and tested for Fisher’s LSD test at the 5% level. 

The physical quality of edamame at various harvest ages affected the texture and damage rate of edamame pods. The 

best harvesting age was at the age of 72 days with a texture value of 4.07±0.06 kg50mm
-1 

and damage rate 2.89±1.40 

g. 

Keywords:  Damage Rate and Age of Harvest; Edamame; Physical Quality; Texture.

1. INTRODUCTION  

Edamame is a type of Japanese soybean that is very 

popular with the public because of its savory and sweet 

taste. Edamame is a type of soybean with a large size 

and is harvested when it is fresh and young. The color 

of the fresh green edamame seeds and their sweet taste 

are what distinguish edamame soybeans from ordinary 

soybeans. So it can be consumed as a healthy and 

nutritious snack. The criteria for edamame that are 

preferred by consumers are that consumers choose large 

pod size, level of sweetness, appearance, aroma, taste, 

and texture as the best choice edamame [1]. 

One way to meet consumer expectations in 

determining the quality of edamame is to determine 

seven key attributes, namely pod size; no pests and 

diseases; freshness; no foreign objects; food safety; 

product cleanliness, and durability. The main problem 

that often arises in meeting customer needs is 

processing time that has not been able to be handled 

optimally [2]. 

Edamame harvest is the initial activity to determine 

the quality of edamame according to consumer desires. 

There are several ways to determine harvest, which can 

include visual or appearance methods, physical 

methods, chemical methods, and computational 

methods. Determination of the optimum time for 

harvesting edamame is when the pods are still green, 

immature, and dense with fully developed green seeds, 

which usually occurs in the development phase.Physical 

characteristics that appear at the time of harvesting are 

the color of the pods are bright green and slightly gray, 

the size is about 5 cm long and about 1.4 cm wide with 

two or more seeds [3]. This research will use the 

parameters of edamame pod color, edamame pod 

texture (hardness), pod size (length, width, and 

thickness), pod weight, and pod damage level. 

Determination of physical quality is accompanied by the 

various ages of harvest. 

The criteria for harvesting edamame are when the 

edamame pods have one, two, and three seeds. As for 

the weight of the edamame pods, it reaches 2 to 3 

grams. The harvest age of edamame is that it can be 

harvested at the age of 65-75 days after planting (DAP) 

[3], or when 90% of the pods are full of seeds and the 

pods are green. In Australia, green edamame soybeans 

can be harvested at the age of 68-86 DAP depending on 

the time of planting, while in Indonesia it is generally 

harvested at the age of 65-75 DAP [4]. Therefore, 

research to determine harvest time needs to be carried 

out to get the best physical quality of edamame. 

Determination of good physical quality is closely 

related to the grading of edamame. Good grading is 

divided into 4 grades of edamame grade, namely: the 

first grade is super edamame quality, which has the 

characteristics of smooth, dark green pods and pods 

filled with 3 seed pods. While the second grade is of 

premium edamame quality, which has the characteristics 

of smooth green pods and the pod contains only 2 seeds. 
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The third grade is the deluxe edamame quality, which 

has the characteristics of poor colored pods and is less 

pithy. The last grade, namely grade 4 is the quality of 

edamame mukimame, usually, edamame pods in this 

grade are used for processed edamame products, which 

must go through a processing process first and are not 

consumed fresh. Therefore, the best physical quality is 

sought at various harvest ages [5]. 

The criteria for edamame pods to be harvested for 

export are: (1) the variety required by the buyer, (2) the 

normal shape of the edamame, (3) the maturity is 

sufficient and full, (4) the pods have 2 and 3 seeds, (5) 

the color is bright green, (6) no defects caused by 

pests/diseases and mechanical. While the criteria for 

edamame pods that are ready for export after being 

frozen and processed are: (1) the variety required by the 

buyer, (2) 2 and 3 seed pods, (3) the number of pods per 

500 gram is 160-170 pods, (4) free from pests and 

diseases, (5) no physical damage, (6) characteristic odor 

of edamame, (7) normal pod shape, (8) clean from dirt 

(grass, leaves, mud, etc.), (9) bright green color normal, 

(10) fresh pods did not wilt [6]. 

Edamame soybeans have a seed size much larger 

than ordinary soybeans, the weight of 100 seeds reaches 

30 g, the number of seeds per pod is more than 2, the 

color of the coat is gray, the texture of the seeds and 

pods is soft, and the potential yield of fresh pods is 

around 7-10 tons. ha
-1

 [7]. 

2. MATERIALS AND METHODS  

2.1. Materials  

The tools used in this research are a hardnes tester, 

digital analytical scale, cutting shears and camera. The 

materials used in this research are edamame pods, 

edamame var. Ryoko, and label paper. 

2.2. Research Methods   

 The study was divided into two stages: the first 

study was arranged using a randomized complete block 

design with 5 treatments, each treatment having 4 

replications. The research data will be analyzed by 

ANOVA and tested for Fisher’s LSD test at the 5% 

level. The treatments consisted of various harvest ages, 

namely 60, 63, 66, 69 and 72 DAP. 

2.2.1. Sample measurement 

Sampling was carried out maximally at 09.00 am, 

this was done because the edamame plants were still 

fresh and there was not too much evaporation of the 

plants. The plants that were sampled were randomly 

selected in several edamame plant beds. Plants were 

harvested at the age of 60,63,66,69 and 72 DAP. Then 

the plant is cut using scissors cuttings at the base of the 

stem. After that, the plants were brought to the 

laboratory to collect data in the form of pod texture, 

weight of fresh pods and seeds per plant, size of pods 

and seeds, and level of pod damage. 

2.2.2. Measuring the texture of the edamame 

pods 

Measuring the texture of edamame using a hardness 

tester using an accuracy level of kg50mm
-1

. The 

hardness point was taken with three points, namely the 

base, middle, and end of the edamame pod. Each 

treatment was repeated 4 times. 

2.2.3. Measurement of pod damage rate 

Measurement of the level of pod damage was carried 

out on the whole pod of the plant. Then the 

measurement of the level of pod damage was measured 

on one plant manually by separating the pods affected 

by pests, empty pods, and other physical damage 4 

times. Then the damaged pods were weighed using an 

analytical balance. 

2.3. Statistical Analysis   

The data obtained from the research results were 

then tested for homogeneity and then processed using 

analysis of variance (ANOVA) at p 0.05. After 

obtaining the analysis of variance (ANOVA) value, 

further tests were carried out using Fisher's test to find 

out which one was different and the best. 

3. RESULT AND DISCUSSION  

The physical properties of edamame pods used as 

observation parameters included texture and damage of 

edamame pods. Physical properties based on harvest age 

are shown in Table 1. 

Table 1. Texture and damage rate of edamame pods at 

various harvest ages 
 

 Note: Mean ± SD; Value in the same coloumn followed by 

different letters is statistically different under Fisher’s LSD 

test (P≤0.05) 

Harvest ages 

(days) 

Texture 

(kg50mm-1) 

Level pods 

Damage (g) 

60  3.66±0.02 d 14.67±3.38 d 

63  3.71±0.04 c 10.00±4.08 cd 

66  3.82±0.04 b 6.65±2.36 bc 

69  3.95±0.05 b 3.98±4.43 ab 

72  4.07±0.06 a 2.89±1.40 a 
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3.1. Texture of Edamame Pods  

The texture of the edamame pods at various 

harvesting age treatments is shown in Table 1. It shows 

that the results significantly in the Fisher’s LSD test 

(P≤0.05), which is the best at harvest age of 60 days 

with a value of 4.07 ± 0.06 kg50mm
-1

. It can be seen 

that with the increase in the age of edamame harvest, the 

texture value obtained also increases according to the 

results obtained. This means that the level of pod shell 

hardness increases with increasing harvest time. The 

texture of the edamame pods will be related to the next 

research, namely the preference test by the panelists. 

The following is a histogram of the texture 

regression of edamame pods Figure 1. 

 

Figure 1 Histogram of texture of edamame pods 

From the results of the research, it can be seen in 

Figure 1. that the 60-day treatment has a texture value of 

3.66±0.02 kg50mm
-1

. While the treatment for 63 days 

was 3.71±0.04 kg50mm
-1

. on the 66 days of treatment 

3.82±0.04 kg50mm
-1

. At treatment 69 days 3.95±0.05 

kg50mm
-1

. And treatment 72 days 4.07±0.06 kg50mm
-1

. 

It can be seen that the regression for edamame pod 
texture is linear. The more days, the more the texture 

value increases. 

3.2. Damage Rate of Edamame Pods 

The level of damage to Edamame pods shows the 

results in Table 1. that the best results in the treatment 

of 72 harvest ages are 2.89±1.40 g. This shows that with 

increasing harvest age, the level of damage to edamame 

pods increases. This is because the skin of the edamame 

pods is getting older, and the harder it is. The tough skin 

of the pods will make it difficult for pests to attack the 

edamame pods. In accordance with the general or 

qualitative requirements of soybean seeds based on 

quality standards of soybean seeds based on SNI 01-

39221995 includes free of pests and diseases (fleas, 

caterpillars, eggs, cocoons), free foul odors, acids, or 

other foreign odors, free of chemicals such as 

insecticides and pesticides. fungicide, has a normal 

temperature [7]. Therefore, by decreasing the level of 

damage to edamame pods, it is one of the standards for 

edamame quality. 

The following is a histogram of the Damage Rate 

regression of edamame pods Figure 2. 

 

Figure 2 Histogram of Damage Rate of edamame pods 

It can be seen in Figure 2 for the regression of the 

level of damage to edamame pods, which is a decrease 

from treatment 60 to treatment 72 days. In the 60 day 

treatment it was 14.67 ± 3.38 g. While in treatment 63, 

namely 10.00±4.08 g. In the 66 day treatment, it was 

6.65 ± 2.36 g. For treatment 69 days 3.98±4.43 g. And 

at 72 days treatment 2.89±1.40 g. 

 

4. CONCLUSION  

The physical quality of edamame (Glycine max L. 

Merill) at various harvest ages affected the texture and 

damage rate of the edamame pods. The best harvesting 

age was at the age of 72 days with a texture value of 

4.07±0.06 and damage level 2.89±1.40.  
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ABSTRACT  

The Coffee in North Maluku archipelago has the potential to be developed into a competitive product that has a 

distinctive taste compared to other regions. The purpose of the study was to analyze quality Liberika coffee taste in 

Sopi region as an ethnobotanical product based on local wisdom of the indigenous people in Morotai Island, North 

Maluku. The research was carried out at the Testing Laboratory of LP-592-IDN Indonesian Coffee and Cocoa 

Research Center Jember by following Arboleda's instructions. The test results were then analyzed according to the 

SNI 01-7708:2011 standard, following the coffee bean quality guidelines of the National Accreditation Board for 

Agriculture, Food and Health. The results of the taste test for Liberica coffee beans in Sopi region were Caramelly, 

Rubber Smell, Sweet Aroma, Rubbery, Chocolaty, and Leather, with a final score of 78,625. Based on the 

classification of taste quality using the Cupping score method, this value belongs to the category of Fine Commercial 

Coffee 

Keywords: Taste Analysis; Liberica Coffee; Sopi region; Fine Commercial Coffee 

1. INTRODUCTION  

Commercial coffee production has played a 

dominant role in the economy [1]. According to FAO 

statistics, coffee is a plant from tropical countries with a 

production of about 4 million tons annually with a 

transaction value of 6 to 12 billion US dollars [2]. 

Specifically, Indonesia's export of robusta coffee is 

ranked first in the world, but since 1997 Indonesia's 

position has been replaced by Vietnam [3]. As the fifth 

largest exporting country in the world [4], Indonesia 

provides opportunities for coffee plants as a fruit 

commodity that functions as a refreshing drink. As is 

the case for Europeans who live in sub-tropical and cold 

climates, they also need warm drinks [5]. The genus 

Coffea L. contains three species used in the production 

of coffee drinks, namely; C. liberica (Liberian or 

Liberica coffee, or excelsa coffee), C. canephora 

(Robusta coffee), and C. arabica (Arabica coffee). Of 

the three, C. arabica is the most popular commercial 

species. Much research has focused on these three 

species, for example, naturally low-caffeine species, 

especially those from Madagascar [6] 

North Maluku Province is one of the coffee-

producing areas in Indonesia, where the types of coffee 

grown include Robusta, Liberika, and Arabica coffee. 

Robusta coffee production reaches 458 tons per year [7]. 

These coffee varieties in the North Maluku archipelago 

have the potential to be developed into products that 

have a competitive taste that is different from other 

regions, given the unequal geographical location as an 

essential barometer of the taste of coffee beans. Coffee 

from various regions and plantations has different 

qualities and tastes [8] [9]. 

Previous basic research resulted in data that 

validated coffee plant ethnobotany found on Bacan 

Island consisting of Robusta Coffee (Coffea canephora), 

Liberika (Coffea liberica), Excelsa (Coffea liberica var. 

dewevrei.), and Arabica (Coffea arabica). Other islands 

in the province of North Maluku also found types of 

coffee. However, the number of types, quality of beans, 

taste, and traditional use by the community have not 

been recorded. One of the islands whose coffee potential 

has not been recorded is Morotai Island. Thus, through 

this article, we will report the results of research on the 

taste quality of Liberica coffee on Morotai Island. 
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1.1. Coffee Bean Quality 

The height of the planting location influences the 

taste produced by coffee beans [10]. Climate also affects 

the performance of coffee genotypes. The quality of 

coffee cherries is more influenced by temperature than 

rain and altitude [11]. Coffee quality consists of (i) 

physical aspects: length, size, or weight of coffee beans, 

(ii) organoleptic characteristics: aroma, acidity, body, 

residual taste, taste, preference, and overall balance and 

(iii) chemical elements such as caffeine, trigonelline, 

chlorogenic acid [12] [13]. Each of these aspects 

depends on factors such as shade level [14] [15], daily 

temperature [16], amount and distribution of rainfall 

[17], soil physical and chemical characteristics [18], 

genotype, and origin [19], and agronomic measures such 

as pruning and fruit thinning [20]. The shading method 

improves physical and organoleptic attributes by 

decreasing air temperature, which slows the ripening 

process, increasing the accumulation of aroma 

precursors [13] [15]. Fertilizer application increases 

fruit and seed size, weight, and organoleptic quality 

through an accumulation of fat and carbohydrates [21]. 

It is generally accepted that highlands improve 

coffee quality. However, conflicting results were 

obtained regarding its effect on the chemical 

composition of coffee beans. For example, the total lipid 

content decreased with increasing altitude—similarly, 

chlorogenic acid accumulated with increasing altitude 

[8]. Although shade and elevation are empirically 

known to have beneficial effects on coffee quality, few 

scientific studies have documented this effect. Both 

factors influence air temperature, and their positive 

influence significantly impacts cooler climatic 

conditions. Low temperatures have been suggested to 

slow the ripening process, leading to higher aroma 

accumulation [22]. 

Plant management and the growing environment 

may be more important determinants of quality than 

genetics [23]. Temperature affects coffee quality, such 

as color, phenolic content, soluble solids, chlorogenic, 

caffeic, and p-coumaric acids, caffeine, trigonelline, 

lipids, and minerals [24]. The quality of coffee beans is 

determined by several factors, including color, texture, 

and size. [25]. Micronutrients perform specific and 

essential functions in plant metabolism, and their 

deficiency can lead to metabolic disorders that affect 

coffee production and beverage quality. In Brazil, B, 

Cu, and Zn are the main micronutrients in coffee growth 

[26], and light management through shade affects the 

quality of Arabica coffee (Coffea arabica) in dry and hot 

areas [27]. 

Some Patents concerning Coffee with various mixed 

ingredients, namely hibiscus, lemongrass, Japanese 

pepper, rosemary, vanilla, sugar beet, oolong tea, Pu-erh 

tea, red tea, rose, jasmine, hops, Kombu, Azuki beans, 

red beans, peas, soybeans, almonds, cashews, chestnuts, 

pumpkin seeds, sweet chestnuts, walnuts, sesame, 

sunflower seeds, hazelnuts, pecans, macadamia nuts, 

pine nuts, peanuts, rice, barley, malt. Also, buckwheat 

seeds, Job's tear, mandarin orange peel, orange peel, 

Kabosu peel, orange peel, Sudachi peel, Yuzu peel, lime 

peel, lemon peel, blueberry, plum, cherry, Japanese 

persimmon, pineapple, banana, grape, mango, peach, 

apple, black pepper, chili, sugar cane, ginger, garlic, 

onion, carrot, burdock root, pumpkin, sweet potato, 

potato, and corn [32]. Another data is pineapple as an 

additive in coffee because pineapple contains bromelain 

enzymes which reduce coffee caffeine levels [33]. 

Varieties, or planting origins, may produce different 

effects or efficacy [34]. 

2. METHODOLOGY  

2.1 Coffee Bean Physical Quality Test Stage 

This research was carried out at the Testing 

Laboratory of the LP-592-IDN Indonesian Coffee and 

Cocoa Research Center (LP Puslitkoka Indonesia) in 

Jember by following the instructions of Arboleda, 2018 

[25]. The raw material is Liberika coffee originating 

from Morotai Island, North Maluku. The Coffee Quality 

Test Indicator analyzed is the Taste Test (Cup testing). 

2.2 Coffee Bean Taste Test Analysis 

Coffee beans were analyzed using Quantitative 

Descriptive Analysis (ADK) with the attributes of 

Fragrance/Aroma, Flavor, Aftertaste, Salt/Acid, 

Bitter/Sweet, Mouthfeel/Body, Uniform Cups, Balance, 

Clean Cups, Overall, and Taints-Faults. The following 

are the instructions National Accreditation Agency for 

Agriculture, Food and Health [35]. 

2.3 Standardize coffee bean products 

The tested coffee was then analyzed according to the 

SNI standard 01-7708:2011, following the coffee bean 

quality guidelines of the National Accreditation Board 

for Agriculture, Food, and Health [35].  

3. RESULTS 

In general, the quality of the taste of Liberica coffee 

on the island of Morotai analyzed obtained a score of 

78.62 in the good category, and the Caffeine value was 

only 1.05 in the low category. The characteristics 

analyzed include Aroma (fragrance), Sopi coffee has a 

value of 7.5 (good), and the Aroma of coffee, when 

infused with hot water and steam released, has a sweet 

aroma. Meanwhile, the Flavor element, which is a 

combination of taste on the tongue and the Aroma of 

steam in the nose, reaches 7.63 (good), where the 

Aroma is Caramelly. This value includes the influence 

of the quality and complexity of the combined taste and 
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Aroma when the coffee is sucked into the mouth so 

strongly that it involves the entire palate. This flavor can 

change according to temperature. Meanwhile, the 

Aftertaste characteristic of Sopi coffee achieved a good 

score (7.00), where the quality of the favorable taste 

originating from the back of the palate and remaining 

after the coffee was swallowed was Bitter.   

The salt/acid element, which describes the sour taste 

when the coffee is sipped on Sopi coffee, reaches 7.75. 

Acidity is often described as a distinctly good sour taste 

or sour if it does not taste good. Good acidity describes 

a good coffee, sweet and like a fresh fruit taste 

immediately felt when the coffee is sipped. Acidity that 

is too dominant is categorized as unpleasant. Acidity 

can change according to temperatures. For the 

Bitter/Sweetness characteristic, the score reached 7, 

lower than the others but still in the good category. This 

sweetness assesses the pleasant sweetness of the 

carbohydrate content of coffee, but it is not like the taste 

of sucrose in soft drinks (soft drinks). The way to judge 

it is by giving a value of 2 for every five bowls so that 

the total value is 10. Thus, a value of 7 means 3 cups 

taste sour, astringent, or raw.  

The Mouthfeel/Body score on Sopi coffee reached 

7.5 (good), like the average score on other 

characteristics. This characteristic assessment is more to 

touch the feeling of heavy or light liquid (thickness 

level) in the mouth, especially felt between the roof of 

the mouth and the tongue as a result of squeezing 

dissolved solids and oils suspended in the liquid. The 

taste affects the characteristics of Uniformity Cups 

which reach the maximum value (10.00 or 

Extraordinary), where there is uniformity of taste and 

aroma from each cup of coffee solution test. If the 

aroma of the bowl is different, then the value for this 

criterion is low. The scoring technique is the same as the 

Bitter/Sweet character assessment, where each bowl is 

given a value of 2, and the total value for five bowls is 

10.  

 

Figure 1. Liberika coffee from Morotai Island, North Maluku Province 

 

Next is the Balance score, which assesses all aspects, 

including flavor, aftertaste, acidity, and balanced body. 

If one aspect is more or less in the sampling, it causes 

the balance value to decrease. In other words, no 

balance of taste or aroma dominates. In this 

characteristic, Sopi coffee reaches a value of 7.5 (good). 

Supporting this score, the Clean Cup score gets the 

maximum value equal to the Uniform Cups score, which 

is 10.00 (Excellent). This character shows that there is 

no negative value from the beginning to the aftertaste, in 

the form of taste, until the coffee liquid is swallowed or 

vomited. A score of 2 is assigned to each negative bowl, 

and the total score for the five bowls is 10. 

In the end, all assessments that reflect the above 

aspects of a coffee sample each rater perceives are 

reflected in the Overall score. The score achieved is 

only 6.75 (good enough), an overview of the overall 

aspects. A type of coffee with a pleasant aspect but does 

not meet the standard criteria will be given a low score. 

The expected coffee is coffee that is judged to include 

all of the above aspects. 

4. CONCLUTION 

The quality of the taste of Liberica coffee on the 

island of Morotai, which was analyzed, obtained a score 

of 78.62 in the good category and the Caffeine value 

was only 1.05 in the low category. 
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ABSTRACT 

When discussing Al-educational Ghazali's philosophy, it becomes a term that never ends. Al-Ghazali spent the 

majority of his time studying science. Al-Ghazali had studied with great sheiks since he was a child, and his life was 

extended by teaching and writing books. He is a prolific author who has written books in a variety of areas. The goal 

of this research is to look at Al-opinions Ghazali's on moral education in his book Bidayatul Hidayah and then 

compare them to how they are implemented in Salafi boarding schools. This study found that the book Bidayatul 

Hidayah is a yellow book that is commonly studied by students using the bathing masail, sorogan, or bandongan 

technique, and that the contents can be directly applied by students despite not being comprehensive. As we know, Al-

moral Ghazali's education philosophy, which is influenced by Sufism's teachings in the book Bidayatul Hidayah, is 

compatible with the principles of the Salafi boarding school, which still adheres to the Prophet SAW's simple life 

purity. 

Keywords: Al-Ghazali; Bidayatul Hidayah; Moral Education; Salafi Islamic Boarding Schools.

INTRODUCTION 

Muhammad bin Muhammad bin Ahmad bin 

Abu Hamid At-Thoussi Al-Ghazali is the full name of 

Imam Al-Ghazali [1] (Anwar et al., 2006). He was born 

in the Iranian city of Thus, in the Kusan region, which is 

under Baghdad's control. The city is one of the 

epicenters of science's rapid advancement. It's no 

surprise that Al-Ghazali is regarded as a prolific and 

active academic who has authored dozens of scholarly 

publications in a range of subjects. 

Education determines a country's way of life 

[2]. (Al-Wizar, 2015). Al-Ghazali is part of a group of 

Sufistic academics that place a high value on education. 

Some of his publications are used as study materials in 

Indonesian Islamic boarding schools, particularly Salafi 

boarding schools. 

The Salafi Islamic Boarding School is a school 

that focuses on the yellow book as its main textbook. 

According to Law No. 18 of 2019, the yellow book is an 

Arabic or other language Islamic book used in Islamic 

boarding schools as a reference for Islamic scientific 

traditions. The book Bidayatul Hidayah by Imam 

Ghazali is the study of the yellow book that has been 

popular among Salafi boarding school students. This 

book is usually studied as a prerequisite for students to 

move on to more advanced moral books. 

Bidayatul Hidayah is an essential text that 

should be studied and used as a guidance for daily 

spiritual activity [3]. (An-Nadwi, 1997) This book 

includes instructions for performing obedience and 

avoiding Allah's prohibitions. as well as how to 

communicate with others. Imam Al-Ghazali discusses 

the everyday rituals that we engage in and the etiquette 

for performing acts of worship in his book, so that 

worship might be performed properly, meaningfully, 

and with a lasting impact. 

The primary purpose is for mankind to 

maximize their service to Allah by winning His pleasure 

and forming healthy connections with one another in 

order to achieve safety and happiness in this world and 

the next. As a result, the book Bidayatul Hidayah 

teaches two fundamental lessons: morality toward 

mankind and morality toward Allah SWT. 

Morals are qualities that are ingrained in the 

soul and inspire people to act without thinking [4] 

(Anwar, 2008). Morals essentially teach how to relate to 

God, Allah, the Creator, as well as how to relate to one's 

fellow human beings. Moral instruction is defined by a 
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strong desire to do or not do something in conformity 

with Allah's pleasure  [5] (Adisusilo, 2013). 

Every Muslim has a personal responsibility to 

learn and practice good morality. The building of noble 

character is the most essential general purpose of 

Islamic education, according to Muhammad Al-Athiyah 

Al-Abrasyi. [6] (May of 2015) This suggests that moral 

education, particularly in Islamic educational 

institutions, has a high priority for inclusion in the 

educational curriculum. 

Students at the Salafi boarding school are 

expected to be able to implement Al-description 

Ghazali's in everyday life after studying the book, 

according to the Bidayatul Hidayah book. The 

beginning of guidance is outward piety, which is 

represented in pupils' behavior, and the culmination of 

guidance is spiritual piety. The end of guidance can be 

reached by outward practice. The noble nature of a 

santri is shaped by this external training. 

METHODS OF RESEARCH 

Imam Al-opinions Ghazali's on moral 

education in the Bidayatul Hidayah Book are examined 

or discussed in this study, as well as their 

implementation in salafi Islamic boarding schools. This 

study employs research techniques and literacy studies. 

In literary study, information gathered from books, 

journals, and the internet is relevant to the issues being 

investigated. The following section of this paper will 

describe the following discussion points: first, it will 

explain Imam Al-views Ghazali's on moral education. 

Second, it will discuss the book Bidayatul Hidayah, 

which is one of the primary sources of moral teaching in 

salafi Islamic boarding schools. At the final portion, 

we'll go through how the Book of Bidayatul Hidayah is 

used in salafi Islamic boarding schools [7]  (Mita, et al, 

2020) 

DISCUSSION AND RESULTS 

Al-Biography Ghazali's 

His full name was Abu Muhammad bin 

Muhammad Al-Ghazali, and he was born in Thus, 

Khurasan, Persia, in the year 450 H or 1058 M, and died 

on 14 Jumadil Akhir in 505 H in Tabristan, Tus 

province. the 19th of December 1111 M  (Nata, 2005) 

His father was supposed to be a devout 

impoverished guy who ate entirely from his own 

earnings from spinning yarn. His father attentively 

listened to the gatherings of specialists in knowledge 

(fuqaha) and acted in the best interests of the scholars. 

He always cries and prays to Allah SWT while he 

listens to the scholars' studies, in order to be blessed 

with a pious child (faqih). Allah answered his wish. 

When he was going to die, his father instructed his 

faithful friend to look after his two sons and complete 

their education to the best of his ability. Al-will 

Ghazali's father's was quickly carried out by his friend. 

After their father's inheritance was depleted, the two 

children were schooled and sent to school, and they 

were urged to seek knowledge as best they could. 

Since his boyhood, Al-Ghazali has 

demonstrated a strong interest in science. Even when 

confronted with formidable difficulties, he will 

persevere in his quest for the ultimate truth. In the 

following sentence, he expresses his devotion for 

knowledge and truth: "My yearning for the truth of 

things, which I've had since childhood and youth, is an 

instinct and talent that Allah SWT has poured into my 

disposition, not just an attempt and an invention," says 

(Nata, 200) 

Al-Ghazali began his schooling in his 

hometown of Tus, where he learned the fundamentals of 

knowledge. Then he traveled to Naisyafur and 

Khurasan, both of which were known at the time as the 

most prominent centers of learning in the Islamic world. 

Al-Ghazali studied at Naisyafur with Imam Al-

Haramain, who gave him the epithet Bahrun Mughdid, 

which means "endless sea." (Al-Abrasyi ,1975) 

Ignaz Goldziher acknowledges that al-figure 

Ghazali's has had a significant impact on both the 

historicity of Islamic thinking and the religiosity of 

Muslims. Al-Ghazali was ranked second behind the 

Prophet Muhammad in terms of thought and laying the 

foundations of Islam. They treated Al-Ghazali with 

more reverence than they did the monarchs. 

With his work, he is a very productive thinker. 

In each of his works, his ability to elaborate and 

communicate ideas is regarded as unique, critical, and 

even communicable. (Baharuddin, 2011).  

Wazir Nidlomul Muluk appointed Al-Ghazali 

as a lecturer at Baghdad's Annidlomiyah University. In 

484 H, he also moved to Baghdad and began lecturing at 

the university for around ten years. It has a huge and 

far-reaching influence. The welfare of the people is 

ensured and realized. However, he had reservations 

about what he had accomplished in the end. 

Sufism, at the end of his intellectual journey, 

was able to remove the shak (doubt) that had plagued 

Al-Ghazali for a long time. He discovered the self-

assurance he was yearning for in Sufism. The light that 

God revealed to him is mystical understanding. Al-

Ghazali regained his confidence as a result of this. (An-

Nadwi, 1997). 
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 The book Ihya Ulumuddin is Imam Al-

contribution Ghazali's to Sufism. Bidayatul Hidayah, a 

summary of the work Al-Ihya, is his second lighter 

novel. Bidayatul Hidayah explores the way to direction 

with outward practice through daily action in his book 

Bidayatul Hidayah. This practice is designed to teach 

people to constantly follow Allah's directives and avoid 

His prohibitions. 

The Historical Context of Al-Moral Ghazali's 

Education Theory 

Al-Ghazali wrote works on morality during the 

Sufi period, which lasted from his departure from 

Baghdad until his death on December 18, 1111 AD. The 

majority of these works are recognised by all legitimate 

scholars. The elements of moral instruction highlighted 

in his works during this time period are connected to his 

Sufi upbringing. His studies gave him considerable fear 

about the punishment he would face in the afterlife, 

leading him to a life of solitude filled with worship and 

riyadah. 

Al-moral Ghazali's education theory might be 

described as theological in nature (a school of 

philosophy which teaches that everything in this world 

has a purpose). Because he assesses charity based on its 

goal (Al-Quasem, 1975:13-14). Education in Morals 

According to Al-Ghazali, mankind have a tremendous 

objective in life, which is to be happy in the afterlife. 

Specifically, generosity is said to be good if it has an 

influence on the soul that leads to that aim, while charity 

is said to be harmful if the soul is hindered from 

obtaining it. (Muslih 2008:75) 

Moral Education in Al-Thoughts Ghazali's 

Al-Ghazali was a Muslim who, among other 

things, had brilliant thoughts and was recognized as a 

reformer (mujaddid). The advent of political instability 

at the period, which had an impact on the fragmentation 

of Muslims, as well as the disintegration of religion and 

morality, were socio-cultural conditions at the time. 

Because of his responsibility to rectify the ignorant 

attitudes and behaviors that disturb Muslims' lives, he 

became a hero and a Defender of Islam Argumentator 

(hujjah al-Islam). One of the purposes of education is to 

help people become closer to Allah SWT. As a result, 

three terms must be included in the curriculum: 

physical, 'aqliyah, and akhlaqiyyah. This method is 

founded on two schools of thought: fiqh and Sufism. 

This way of thinking appears to be methodical and 

complete, as well as consistent with a Sufi's and faqih's 

attitude and personality. If applied now, the schooling 

approach presented appears to be appropriate. 

Furthermore, the requirement must be adjusted in 

accordance with local expertise in the areas where 

education is provided (Benny, 2018) 

Moral education, according to Al-Ghazali, is 

equated with habituation. His notion of moral education 

is built on a philosophical framework that emphasizes 

causality. Despite the fact that Al-Ghazali advises 

educators to employ habituation to cultivate virtues, he 

concludes that there is no causal relationship between 

moral education and moralization, and that one should 

hope for God's intervention and communicate His 

Mercy (Attaran, 2015; Benny, 2018) 

Introduction to the Contents of the Book of 

Bidayatul Hidayah as a Sufism-Modeled Morals 

Book 

The book Bidayatul Hidayah is on Sufism 

morals. Al-Sufism Ghazali's is notable for its 

Ahlusunnah Waljamaah style, which is founded on the 

Qur'an and Hadith. As a result, his book's writings rely 

on the Qur'anic verses and the prophet's hadith for 

support. Al-Ghazali favors psychomoral development in 

Sufism, which focuses more on moral instruction or is 

equated with morals in Islam. 

The book Bidayatul Hidayah is broken into 

three parts in general. The first section explains how to 

obey in a proper manner. Al-Ghazali highlighted that 

you cannot carry out all of Allah Ta'ala's instructions 

unless you can manage your hearts and all of your 

members at all times, as well as your breath, from 

sunrise to dusk. Mastering your temperament is a 

challenging task that requires constant work in order to 

genuinely establish oneself in submission to Allah 

SWT. 

He traces the debate from the beginning to the 

etiquette of waking up, which is addressed in great 

detail in this first part. It is clear that Al-Ghazali wishes 

to instruct a Muslim on how to begin the day with the 

etiquette outlined in his book. The etiquette of going to 

the bathroom, the etiquette of performing ablution and 

bathing, and even minor details that Muslims frequently 

overlook, such as the recommendation to dress, are all 

discussed in this book. According to Al-Ghazali, if you 

desire to dress, you should do it with the intention of 

gaining Allah's pleasure. Do not allow us to dress in 

order to appear attractive to animals. Adab tayammum; 

adab of going to the mosque; etiquette of entering the 

mosque; adab after the sun rises until the sun sets; adab 

of preparing for prayer; manners when going to sleep; 

prayer etiquette; the etiquette of the priest and the 

congregation; Friday etiquette; and fasting etiquette are 

all topics covered in this first section. 

The second topic of discussion is how to break 

free from immorality. It is said at the start of this section 

that quitting sin is more difficult than exercising 

obedience. Only shiddiqin people are capable of 

abandoning wickedness. Leaving immorality has a lot to 
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do with lust. Only a small percentage of people are able 

to regulate their emotions. The devil's temptation to take 

the khuldi fruit and eat it consumed humans at the level 

of the prophet Adam As. So, from Al-point Ghazali's of 

view, forsaking immorality is more difficult than 

exercising compliance. 

It is broken into two parts in the second 

section: how to abandon external immorality and how to 

leave inner immorality. Because there are seven gates of 

hell, the method to leave immorality externally is to care 

for the seven limbs. Eyes, ears, tongue, stomach, 

genitals, two hands, and two legs are the seven limbs 

that a Muslim must always preserve. These seven 

members of the body will testify in Padang Mahsyar and 

speak the words of culpability for anything the owner 

did. Humans will constantly be introspective in order to 

build a noble personality if these seven limbs are 

protected from immoral behaviors. While abandoning 

the attitudes of hasad, joy, and ujub is one method to 

abandon immorality in the mind. These three 

characteristics are the climax of a repulsive disposition 

and lead to self-destruction. It will be easier to avoid 

other disgusting attitudes if you can avoid and abandon 

this disposition. 

While the third part of the book Bidayatul 

Hidayah discusses the etiquette of association and 

friendship with khaliq (God) and creatures, it includes 

guidelines on adab with God our Creator, teacher 

etiquette, student etiquette, etiquette with parents, adab 

with all human beings, stranger etiquette, etiquette with 

friends, and stranger etiquette. 

It is unsurprising that numerous Islamic 

educational institutes use the Bidayatul Hidayah book as 

a reference for moral learning. This book has its own 

advantages for students and even ordinary people to 

study because of its material, which is not too long-

winded but has weight. 

The Salafi Islamic Boarding School's Yellow Book 

Studying Tradition 

The study of the yellow book is inextricably 

linked to the salafi lodge's long-term viability. The book 

Bidayatul Hidayah must be studied before moving on to 

other books at a higher level. Students in Islamic 

boarding schools normally study Bidayatul Hidayah, 

however for their level of study, they should read Ihya 

Ulumuddin, a text that is heavier than Bidayatul 

Hidayah. Several approaches are employed in salafi 

Islamic boarding schools to study the book of Bidayatul 

Hidayah. The following are the methods: 

1. Method of Deliberation (Bathsul Masail) 

The deliberation technique, also known as 

bahtsul masa'il, is a type of learning that is akin to a 

discussion or seminar. A group of students forms a 

halaqah to discuss or study a preset problem, which is 

guided directly by the kyai or ustadz, or sometimes also 

by senior students. Students are permitted to ask 

questions or express their thoughts in practice. 

(Abdurrahman, 2003) 

2. The Sorogan Technique 

Because every santri thrusts his book in front 

of the kyai, the word sorogan derives from the Javanese 

word sorog, which means to shove. The sorogan 

technique of learning (recitation) is usually held in a 

specific room with a seat for the ustadz/kiai as a teacher 

and a bench or small table in front of it to place books 

for students facing. Meanwhile, the other pupils sat a 

little further away, listening to what was said or 

watching what happened when their friend walked 

forward to face the ustadz/kiai as a reference for him 

when his turn came around. 

This method is commonly employed in the 

recitation of the yellow book and is applied with 

refraction in daily activities with the goal of providing 

experiences that students or students can replicate and 

become accustomed to in everyday life. (Sholikah, 

2018) 

3. The Bandongan Technique 

Because the recitation is offered at specific 

times, the bandongan method is also known as the 

wetonan method. The name weton originates from the 

Javanese word wektu, which means time. Because the 

bandongan method is carried out by a kyai or ustadz 

against a group of students or students to listen or listen 

to what is read from a book, it differs from the sorogan 

method. This method is commonly used to study the 

yellow books (gundul), in which pupils listen to their 

books and write important notes to assist them 

understand the material. 

Moral Education for Santri at Salafi Islamic 

Boarding Schools Where the Bidayatul Hidayah 

Book Is Studied 

According to pesantren, the objective of 

education is to improve character/morals, train and 

heighten the spirit, respect spiritual and human values, 

and educate honest and moral attitudes and actions, not 

just to enrich the minds of students with explanations. 

The goal of pesantren education is to develop in 

students a sense of obligation and devotion to God, 

rather than to pursue riches and power. 

1. Moral/Character Education is being implemented in 

Pondok Pesantren Padarincang Cidanghiang 
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At the Cidanghiang Barugbug Islamic 

Boarding School, character education begins with the 

kiai's direction, which motivates and aligns the students' 

learning intentions. The Cidanghiang Islamic Boarding 

School transforms character values through a learning 

process that takes place at the majlis in the form of 

transformation for knowledge, particularly moral 

subject matter, such as peeling the Adabul 'alim 

Walmuta'alimin book, the Ta'lim Mutaallim book, and 

the Bidayatul Hidayah book. 

The importance of obeying parents and 

teachers, as well as religion, are the key character 

characteristics highlighted throughout this pesantren. 

Cidanghiang Islamic Boarding School emphasizes the 

importance of independence and taawun in addition to 

faith-taqwa and respect for parents and teachers. The 

numerous activities and practices practiced in the 

pesantren reflect these principles. 

The importance of ta'awun at the Cidanghiang 

Islamic Boarding School can be evident in almost every 

student activity. Cooking and cleaning the room and the 

pesantren environment together, collecting rice and 

monthly fees so that if there are students who do not 

have money or rice, their basic needs can be met are 

some examples of activities that can inculcate an 

attitude of mutual cooperation. He did, however, have to 

cook. 

Finishes with a return to sleep. The students 

tidy up their rooms and prepare for morning prayer in 

congregation after waking up. This type of activity is 

utilized to help pupils develop their faith-taqwa. 

Reading the Koran, reciting the yellow book, marhaba, 

dalalil, and asama badr, in addition to these activities, 

help to cultivate religious values/faith-taqwa and a love 

of knowledge (tafaqquh fiddin). 

Prayer hours at the Cidanghiang Islamic 

Boarding School are held in congregation so that each 

student's faith-taqwa is swiftly learned and integrated. In 

addition to these activities, students are used to cooking 

and eating together, practicing general cleanliness, 

mudzakaroh discussing fiqh topics, and cooperating to 

construct pesantren. These events serve to reinforce the 

Cidanghiang Islamic Boarding School's key character 

qualities. 

The precision of educators in choosing and 

using techniques to planting character values determines 

the effectiveness of the character education process. The 

leadership of the Cidanghiang Islamic Boarding School 

explained the pedagogical strategy used in the 

pesantren, which included a comprehensive and 

robbaniyyah approach. The teaching and learning 

process is an intrinsic element of everyday life, 

according to a holistic approach. Santri learns that all 

activities in the pesantren have deep values and wisdom, 

from waking up to sleeping again. Santri can improve 

her patience, sincerity, self-control, and other skills. The 

Robbaniyyah is a spiritual approach that focuses on 

drawing closer to Allah through dhikr, prayer, and 

worship. According to KH. Toif, he prayed to Allah for 

knowledge and for the pupils to be patient in their 

learning so that Allah might open the way to wisdom 

and ease. 

Aside from the correct method in the 

application of character values, the education unit's 

strategy for implementing education must be established 

systematically so that it may be achieved via all 

activities. All stakeholders must work together to 

develop or build the character of students in order to 

gain a foothold in the implementation of character 

education, which encourages students to grow in their 

capacity and commitment to achieve the best things and 

do everything properly. As a result, a strategy for 

implementing character education is critical. 

Character education / morals is more than just 

instilling good habits in students / pupils; it must be 

done on a regular basis so that the ingrained character 

values become good habits. However, as 

educators/ustadz, we sometimes overlook whether or 

not these character traits have been instilled in our 

students/students. As a result, evaluation is required in 

the development of character at educational institutions 

or pesantren. 

The kids of Cidanghiang Islamic Boarding 

School are also evaluated. It was carried out by 

including the administrator or village head in a number 

of evaluation activities on the implementation of 

character values at the Cidanghiang Islamic Boarding 

School. According to an interview with KH. Thoif, the 

Leader of the Cidanghiang Islamic Boarding School, 

administrators or village leaders met once a month to 

review all matters concerning pupils (Muhammad, 

2019) 

2. The Salafiyyah Al-Muawanah Islamic Boarding 

School has implemented moral/character education. 

The Salafiyyah Al-Muawanah Islamic 

Boarding School places a strong emphasis on tadzhim, 

or respect, as a means of enhancing pupils' moral 

qualities. Be it reverence for Allah, the Messenger of 

Allah, the Messenger of Allah's friends and family, and 

everything that Allah and His Messenger adore, 

including reverence for parents, knowledge, knowledge 

councils, and instructors who are wasilah who transmit 

knowledge. 

The Salafiyyah Al-Muawanah Islamic 

Boarding School places a strong emphasis on improving 
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students' moral qualities. They still think, as in other 

huts, that excellent morals are the key to obtaining 

knowledge's blessings and advantages. There is a clear 

distinction between Islamic and public institutions in 

this respect. Many people are clever, geniuses, yet their 

intelligence is utilized to commit crimes, immoral 

activities, and other disgusting deeds, as evidenced by 

today's difficulties. To ensure that kids have high 

values, a reward and punishment system is 

implemented. A reprimand from fellow students, 

management, or the ustadz is always issued when there 

is a violation of ethics and norms. 

Students at the Salafiyyah Al-Muawanah 

Islamic Boarding School employ the Al-Quran and 

Hadith as a guide and moral indicators from a variety of 

sources, particularly the study of Shaykh Imam Al-

morals, Ghazali's which include obedience, khauf, raja', 

patience, qona'ah, tawadhu, sincerity. (Siti Nurmela, 

2016) 

3. Moral/character education at Probolinggo City's 

Riyadhus Sholihin Islamic Boarding School 

Character development is tailored to the 

pesantren's lifestyle and management, as well as to 

habit. The pesantren have authorized a schedule for 

Santri and administrators to follow. The pupils 

performed with discipline, full responsibility, and others 

from the moment they awoke until they went back to 

sleep. 

As long as the pesantren carries out 

character/habits formation, according to Ustadz Ahmad 

Sya'ir, Head of the Riyadhus Sholihin Islamic Boarding 

School. “In the learning perspective, caregivers who are 

assisted by educators (ustadz and asatidzah) in 

implementing learning play a critical role in realizing 

the mission of Islamic boarding schools that are based 

on God, nationality, independence, and multicultural 

character to support national education efforts, 

particularly for future generations”. 

This is backed up by the pesantren's abundance 

of educational resources. Long-term cooperation can 

continue to be carried out in order to improve the 

management of Islamic boarding schools with the use of 

Islamic religious knowledge and emotional 

strengthening between alumni students, administrators, 

and domicile students. 

The Riyadhus Sholihin Islamic Boarding 

School has benefits and distinctiveness as a 

multicultural Islamic boarding school built on morals 

among the many Islamic boarding schools in 

Probolinggo City. All facilities and recommendations in 

Islamic boarding schools can continue to be improved 

and added according to the demands of the students, 

especially in the current modern era, where modern 

facilities such as access to information via the internet 

must be taken into account by policymakers. 

Reading the yellow book, exemplary Kiai and 

ustadz, spiritual practice/riyadoh, d) habituation of life 

patterns, e) discipline, f) educating through 

organization, g) educating through ibrah/taking lessons, 

h) educating through mauidzah/advice, I 

scouting/scouts, j) sports, and k) kanuragan science are 

some of the methods used 

There are various ways to implement the 

formation of multicultural character among santri, so the 

implementation of pesantren is based on the pesantren's 

goals, vision, and mission; prepare students to be able to 

become members of the community in holding 

reciprocal relationships with the social, cultural, and 

natural environment that is imbued with a religious 

atmosphere, and form students who are intelligent, 

knowledgeable, faithful, and devoted. The following are 

some examples of how the Riyadhus Sholihin Islamic 

Boarding School has implemented the building of a 

multicultural character in its students: 

1. Yellow Book Values Based Tolerance 

2. Personal Habits 

3. Uswah from Kyai and Ustadz  

4. Ro'an Activities Strengthening Social Care 

Characters 

5.Institutional Characteristics of Friendship and 

Communication 

6. Integrated Santri Multicultural Character Formation 

in Extracurricular Activities 

7.Organizational Forum for the Development of 

Responsible and Honest Character 

8. Scouting Forms Help to Form Santri's Multicultural 

Character. (Achmad, 2021) 

CONCLUSION 

Based on the findings, it can be concluded that 

Al-ideas Ghazali's contributed significantly to the field 

of education, particularly in terms of moral education. 

Many of his ideas have been collected in books. 

Bidayatul Hidayah, a synopsis of the work Al Ihya, is 

one of his books addressed in this study. 

One of the works that has become a reference 

for salafi Islamic boarding schools in Indonesia is 

Bidayatul Hidayah. Several approaches are employed in 

salafi Islamic boarding schools to study the book of 

Bidayatul Hidayah. The Deliberation Method (Bathsul 
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Masail), the Sorogan Method, and the Bandongan 

Method are some of these methods. 

The book Bidayatul Hidayah is broken into 

three sections. The first section explains how to obey in 

a proper manner. The second topic of discussion is how 

to break free from immorality. The third section, which 

deals with the etiquette of association and friendship 

with the khaliq (God) and creatures, includes 

instructions on how to: adab with God, our Creator; the 

etiquette of a teacher; manners of a student; etiquette 

with parents; adab with all human beings; manners with 

strangers; etiquette with friends; etiquette with 

strangers. 

Studying the book of Biyayatul Hidayah is not 

enough to cultivate moral education; thus, it is important 

to implement or implement moral education. The 

Cidanghiang Padarincang Islamic Boarding School, the 

Al-Muawanah Salafiyyah Islamic Boarding School, and 

the Riyadhus Sholihin Islamic Boarding School 

Probolinggo City are three salafi boarding schools that 

apply moral education through the study of the book of 

Bidayatul Hidayah. In general, the three salafi lodges 

use a variety of approaches to implement moral 

education, including the study of the yellow book, 

lifestyle habits, spiritual practice, organization, 

discipline, tolerance, and advice/mauidzah. 
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ABSTRACT 

The purpose of this study is based on exploratory research to identify the “Challenges in Quality of Education in HEIs 

of Pakistan” and this approach is used to achieve the objectives of the study in less time and inexpensive means. 

Pakistan is facing a lot of challenges in education sector and the purpose of our research is to identify the major 

challenges in educational sector in Pakistan. The researcher used triangulation in order to carry the reliability and 

validity of the data for results. So, to conduct this triangulation the researcher used questionnaire for the students, 

questionnaire for the teachers and interviews of the management. . In this regard primary data was collected from the 

focused group of students using a sample of 100 questionnaires for each university were filled by the students of the 

selected five universities. In future, we will research on the solution of these problems.  

Keywords: Curriculum, Corruption, Teacher’s Behavior, Research Work. 

1. INTRODUCTION & BACKGROUND 

What does quality mean in the context of education? 

Many definitions of quality in education exist, testifying 

to the complexity and multifaceted nature of the 

concept. Considerable consensus exists around the basic 

dimensions of quality education today, however. 

Quality education includes: 

 Learners who are healthy, well-nourished and 

ready to participate and learn, and supported in 

learning by their families and communities 

 Environments that are healthy, safe, protective 

and gender-sensitive, and provide adequate 

resources and facilities. 

It is well said that education is the road to national 

development. “Education is a vital process of the 

development of any society. It is considered one of the 

main pillars of a society” (Adams, 1988). Education 

creates awareness among the people about life and 

challenges in the world. Quality of Education is a 

description of how well the learning opportunities made 

available to students help them to achieve their awards. 

It is about making sure that appropriate and effective 

teaching, assessment and learning opportunities are 

made available to students. 

The challenges in quality of education in HEIs of 

Pakistan can be found back to the very beginning of the 

country when the newly independent state came into an 

already defined system of education. This whole system 

was very weak, poorly managed and classified. The 

system could not be improved according to the social 

category of the people. Due to this, Pakistan is still 

scuffling with the lowest literacy rate in the world even 

after 73 years of its existence since 1947 to 2020. This 

study aims to analyse the various challenges in quality 

of education in Higher Education Institutions of 

Pakistan. 

In Pakistan the education system is categorized into five 

levels. These are: 

 Primary Level (Class 1 to Class 5) 

 Middle Level (Class 6 to Class 8) 

 Secondary Level (Class 9 to Class 10) 

 Intermediate Level (Class 11 to Class 12) 

 University Level (Class 13 to onwards) 

After focusing on levels of education system, if we talk 

about schools, colleges and universities, they are also 

categorized into three types. These are: 

 Government Schools 

 Private Schools 

 Madaras  

Quality of Education in HEIs of Pakistan is really 

having a bad configuration at the moment. There is no 

doubt in accepting the fact that education stands the 

backbone for the development of nations. This research 

is aimed at identifying the factors affecting quality of 

education in HEIs of Pakistan. Several researches has 

been conducted related to this sector. Role of Total 

Quality Management (TQM) in educational sectors is 

the basic research problem. According to current 

surveys, we can say that 60% of the population is 

literate but the reality is very different. In Pakistan, the 
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quality of education has a declining trend. Previous 

researches provided only short term solutions of the 

problems. Previous researches provided only problems 

rather than solutions and only information related to 

public sector HEIs. 

Currently the economic situation in Pakistan is under 

severe stress and education sector has received the 

highest impact. The Constitution of Islamic Republic of 

Pakistan has led to the fact in the following words: 

“The state of Pakistan shall remove illiteracy and 

provide free and compulsory secondary education 

with minimum possible period”. 

This research focuses on complete overview of 

challenges in quality of education in HEIs of Pakistan. 

This research also provides information about long term 

solutions of the problems. In this research most 

important challenges are discussed along with their 

recommendations. This research will be helpful to 

students, researchers, managers, policy makers, trainers, 

target population and general public. 

2. LITERATURE REVIEW 

Nowadays positive conditions and a rapid world, the 

education sector including the public sector is 

tremendously affected by management practices of the 

business world and no doubt, Total Quality 

Management is an example that has really entered the 

public sector. It is a combined management philosophy 

that is needed to be implemented at all the institutional 

levels (Oakland, 2003) i.e. it will not be successful if 

executed in odds and ends. 

Total Quality Management is obviously compatible with 

higher education, for the reason that it is a direct 

procedure that is focused at expanding productivity, 

reducing costs and enhancing quality (James and James, 

1998). Numerous Higher Education Institutions in 

America have accepted the approach of Total Quality 

Management but still there are some circumstances 

where the academic quality has not upgraded much. 

There is an improvement in infrastructure, 

administrative processes have enhanced rapidly and 

there is also an increase in student and staff satisfaction 

but more clearly that education or academic quality 

needs betterment (James and James, 1998).  

Preceding research indicated the break-up between 

individual or institutional reasons behind educational 

development (Amundsen and Wilson 2012; Trowler and 

Bamber 2005). Single reasons examine the major cause 

of teaching training courses to be committed for faculty 

members in a procedure of individual impression on 

education in order to give changes in individual 

educators’ concept of teaching and learning, connecting 

this to teaching practices. Higher education 

development is considered afterwards as anything 

personal and optional. On the other hand, institutional 

grounds are interconnected to quality management and 

strategic planning (D’Andrea and Gosling 2005; Havnes 

and Stensaker 2006). The major focal point is not on the 

educator but on changing the whole institution. 

Development leads are frequently controlled and happen 

regarding an institutional plan (Amundsen and Wilson 

2012). Effect on institutional change and improved 

educational quality is clearly promoted if the courses are 

made mandatory (Havnes and Stensaker 2006; Trowler 

and Bamber 2005).  

In keeping to both points of views, the primary 

expectation is that the HETT courses will definitely 

have an effect on a single educator who will put up to 

change the institution and elevate the quality. The plan 

of automated change is nevertheless, sturdy in the 

institutional point of view and condemned by 

intellectuals who claim that the link is not automatic 

between development of teaching and the institutional 

change but it needs more examination (Gibbs and 

Coffey 2004; Trowler and Bamber 2005).  

As reported by N.A. Jafarey, 

“Pakistan’s low level of scientific research is due to a 

culture that discourages independent and critical 

thinking”. 

No doubt that the university education in Pakistan, 

especially the government and the teachers’ pay slight 

attention to research work. As a result, students remain 

oblivious about the methods of research. The outcome is 

that a student does not have a clear concept of critical 

analysis. The second reason is there are not enough 

resources for conducting research. It is true that research 

work is very essential especially at undergraduate level. 

Although researchers play an important role in getting a 

job in the market.   

3. STATEMENT OF THE PROBLEM 

This research is aimed at identifying the factors 

affecting quality of education in Higher Education 

Institutions (HEIs) of Pakistan. 

4. RESEARCH QUESTIONS 

Q1. What are the challenges in quality of education in 

higher education institutions of Pakistan? 

Q2. What solutions can be proposed in order to improve 

the quality of education in higher education institutions 

of Pakistan? 

5. RESEARCH OBJECTIVES 

Main Objective: 

 To identify the Challenges in Quality of 

Education in HEIs of Pakistan. 

Sub Objective: 

 To identify the relationship between 

Curriculum and Quality of Education. 

 To identify the relationship between Less 

Training Institutions and Quality of Education. 
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 To identify the relationship between Corruption 

in Education and Quality of Education. 

 To identify the relationship between Teacher’s 

Behavior and Quality of Education. 

 To identify the relationship between Less 

Research Work and Quality of Education. 

6. SIGNIFICANCE OF THE STUDY 

The results of the study will be great benefit to the 

following: 

 This study will provide information regarding 

Challenges in Quality of Education in HEIs of 

Pakistan with additional information and 

knowledge to help them in their further 

research. 

 For the researchers, the study will help them 

uncover critical areas in the educational process 

that many researchers were not able to explore 

in their previous study. 

 The data gathered will be helpful for managers 

making decisions and strategy formation. 

 The study will help policy makers to develop 

policy guidelines that will be helpful for new 

policies, staff training, removing gaps in 

existing policies and information. 

As per the topic, this will be an opportunity for 

government to pay more attention on the quality of 

education in Higher Education Institutions of Pakistan. 
 

7. THEORETICAL FRAMEWORK 

 

 

 

 

 

 

 

8. METHODOLOGY 

Research Strategy 

An exploratory approach has been adopted for this 

research. The reason for using this approach is to 

identify the challenges in quality of education in HEIs 

of Pakistan. 

Sample 

A sample of five universities was selected on the basis 

of commonality i.e. all institutions were from the public 

sector and chartered by the same Provincial 

Government. Similar environment, dependency on same 

superior ministry, locality and nature justifies selection 

of this sample. A total of 100 questionnaires for each 

university were filled by the students of the focused five 

universities. 

Research Instrument  

The researcher used triangulation in order to carry the 

reliability and validity of the data for results. So, to 

conduct this triangulation the researcher used 

questionnaire for the students, questionnaire for the 

teachers and interviews of the management. 

9. DATA ANALYSES & RESULTS 

The data of questionnaire was collected using the 

google forms. This tool aid to reflect the authentic 

results from the audience.   

Interviews from the random departments of 

management were taken place in order to validate the 

data further. Next, these unguided interviews of the 

management were conducted to know the insight of the 

scenario. The management came up with the problems 

they were facing like lack of resource’s that could 

enhance student’s research skills and how this have 

effected their behaviour. 
 

10. ETHICAL CONSIDERATION 

Data provided by the respondents were to be kept 

confidential. Further, a permission form was signed 

from the participant before they got engaged in research 

in order to protect the participants’ rights. 

The permission will include the following: 

 The right of participant voluntarily and right to 

withdraw any time. 

 Comprehensive information will be provided by 

the respondent in order to make them clear 

about the nature of data usage.  

 Signature of both researcher and respondent to 

fulfil the formalities of the institute. 

11. FUTURE DIRECTION 

Hence, the purpose of this research is to identify the 

challenges in quality of education in HEIs of Pakistan 

which educational sector is suffering from since last few 

years so, in future we will research on solutions to these 

challenges in order to increase the quality of education, 

the government of Pakistan announced that education is 

compulsory for 16 years old for each and every citizen. 

It will play an important role in the development of 

Pakistan. 
 

12. CONCLUSION  

This paper concludes that education develops people in 

all domains of life such as social, moral, spiritual, 

political and economic. With effective educational 

systems, many countries are playing a leadership role in 

the comity of nations. The quality of education system 
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in Pakistan has not been able to play its role effectively 

in nation building. This factor has contributed towards 

development of frustration among the Pakistani society.  

Finally, this study concludes that there is an urgent need 

to reform the system of quality of education in Pakistan 

and for this purpose the study presents the following 

recommendations. 

13. RECOMMENDATION 

Following are the recommendations for quality of 

education in Higher Education Institutions of Pakistan. 

 Curriculum should be evaluated on annual 

basis. In this regard a vast survey could be 

conducted to seek options of teachers, parents 

and community regarding their expectations 

and observations. In this light the expert 

recommendations of the education researchers, 

the curriculum goals should be redefined.  

 In the view of importance of education, the 

government should take solid steps towards 

implementation instead of projecting policies 

like forming an evaluation team that could take 

control of the quality of education. In this 

regard, government should establish more 

training institutions for better and continuous 

feature of quality of education in Pakistan. 

 The system of accountability must be 

strengthened and all the professionals 

associated with the system of education should 

be educated to own their responsibilities on 

individual and collective basis. This helps in 

creating a sense of ownership of the system and 

its functions. 

 Government should conduct workshops and 

training programs making teachers aware about 

their behavior towards students. 

 The culture of research should be promoted 

within educational institutions. For this purpose 

the pace of research oriented programs in 

teaching and learning should be accelerated in 

educational institutions around the country 

especially at higher levels. Government should 

increase the volume of funding to higher 

education commission for this purpose. 
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ABSTRACT 

The use of learning media is not new to natural science learning. Indeed, the presence of media in learning helps 

to provide a visual representation of the benefits of natural science learning and increases students' enthusiasm 

in learning. Among the many medias that exist, fiction can be an alternative means of supporting natural science 

learning since they can excite readers' imaginations in ways that real-life experiences may not be able to. 

Furthermore, science fiction is a type of fiction that is appropriate for use as an alternative supporting medium in 

natural science learning. Science fiction, as the name implies, is a story that includes diverse scientific 

occurrences. This study employs literary research approach by gathering and reviewing various sources related 

to alternative media, science fiction, and natural science learning. The findings of this study indicate that science 

fiction can be used as an alternate media to promote natural science learning, as it can increase students’ interest 

in studying and improving their learning outcomes. 

 

Keywords: Science Fiction; Alternative of Supporting Media; Natural Science Learning. 

 

 

INTRODUCTION 

Science or called Natural Science (IPA) is one 

of the subjects that is considered difficult. The 

existence of many terms and formulas makes it 

difficult for students to understand them. In 

addition to the content of the material, several 

factors cause the difficulty of science subjects. 

Based on Sri Wuryastuti's research, several 

problems were identified in science learning in 

schools, including the following: (1) science 

learning in schools has not or does not provide 

opportunities for students to develop their 

creativity; (2) in general, teaching materials have 

not been explicitly associated with technological 

developments and their impact on society; (3) the 

learning process has not shown the existence of 

process skills under the pretext of targets that must 

be achieved in the curriculum; and (4) science 

learning is more focused on preparing education to 

a higher level so that it seems ignorant of the 

formation of critical, creative, and technologically 

proficient human resources [1]. The challenges 

encountered in science learning will be directly 

correlated to the outcomes of science learning that 

have not met expectations. 

 

To overcome these obstacles, numerous 

innovations were carried out. One of them is by 

involving supporting media that have appealed in 

the hopes that it will make science learning more 

enjoyable. If the learning situation is more 

conducive, it is assumed that it can provide higher 

learning outcomes with the mindset of students 

who are critical, creative, and innovative. 

Science fiction in learning serves as an 

alternative to supporting media. The same may be 

said for science learning. Various materials in 

science learning that aim to provide students with a 

basic knowledge of principles and concepts, facts 

that exist in nature, the relationship of 

interdependence, and the relationship between 

science and technology can be presented in an 

engaging way through the use of alternative of 

supporting media in the form of science fiction. In 

order for the use of science fiction as an alternative 

media to support science learning to be effective in 

achieving the anticipated learning objectives, the 
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selection must be in accordance with certain 

criteria. 

There are three criteria for science fiction that 

can be utilized as an alternative supporting medium 

in science learning. First, the readability aspect 

must be adjusted to the level of education of 

students which includes the use of typeface, size, 

and length of each sentence. Secondly, the 

selection of themes should match the interests of 

the learners, for example, friendships, adventures, 

and extraterrestrial stories. This is because the 

interesting content of the story will make an 

impression on the reader's mind. Finally, the length 

of the story must be adjusted to the time allocation 

of the learning program. These criteria can be 

enhanced or modified according to the needs, 

characteristics, and targets of science learning [2]. 

The purpose of the study is to find out factors 

that support or strengthen science fiction as one of 

the supporting media in learning science. This 

study tries to investigate the question concerning 

issues related with the problems in science learning 

and science fiction as the alternative of supporting 

media in science learning. Further, the study is 

focused on science learning, science fiction and 

alternative media in science learning. 

 

RESEARCH METHODOLOGY  

    This study employs the use of literature review 

as a method. According to Webster & Watson, a 

literature review is a research that uses 

methodologies for comparing, generalizing, and/or 

integrating pre-existing data to produce synthesis in 

advancing science to support the development of 

theory and research [3]. The purpose of this 

research is to find out factors that support or 

strengthen science fiction as one of the supporting 

media in learning science or natural sciences (IPA). 

 

RESULT AND DISCUSSION 

In this section, the results of research and 

discussion will be presented which includes three 

things, namely science fiction, alternative 

supporting media, and science learning with the 

alternative of supporting media of "science fiction". 

The detailed description of the research results can 

be seen in the next subsections. 

 

Science Fiction 

In essence, the existence of science fiction 

from the beginning is basically a virtual 

representation of the working principles of the 

universe [4]. This viewpoint contrasts with Robert 

Heinlein  who states that science fiction is a type of 

speculative fiction that allows authors to take 

postulate from the real world and relate it to facts 

and natural laws [5]. 

Science fiction is one of the most popular 

narrative genres among students because in terms 

of content it has relevance to literary education in 

schools. Regardless, science fiction is in high 

demand not only because it is relevant to the study 

of literature, but also because it is directly tied to 

the learning of science. This is in line with 

Rampan's belief that science fiction has advantages 

in terms of original content and fantasy that is so 

imaginative that it can provide inspiration and 

scientific knowledge for students [6]. Furthermore, 

outline various advantages of science fiction for 

students, including the ability to improve 

knowledge, provide moral lessons, shape char 

acter, and sharpen the imagination required for 

scientific advancement. According to certain 

viewpoints on science fiction that science fiction is 

a combination of fiction and science stories that can 

be useful in teaching science to students. 

Science fiction has several types. According 

to Klause in Budiaju, there are five different kinds 

of scientific works, including (1) science fiction 

that tells about the existence of a prophecy of a 

journey to space or planetary opera which includes 

the empire space of war, as well as the matter of 

time and space; (2) science fiction related to hard 

science, such as physics and chemistry, and soft 

sciences such as sociological and religious 

psychology; (3) science fiction that describes the 

negative side of technological developments which 

is generally in the form of social criticisms; (4) 

science fiction that includes other stories such as 

mystery, horror, and detective; (5) science fiction 

originator of the idea of the ability to fly between 

the sprinkling of stars as part of a dream during 

childhood [7]. 

Literature is introduced through literature in 

western countries to reduce the impression of 

rigidity so that it becomes more beautiful and 

enjoyable to learn. The literati who combined 

literature with science were Natalie Sinclair with 

her work entitled Mathematics and Beuty, Joseph 

Carrol with the book Literary Darwinism, and The 

Sience of Stories by Janos Laslo [8]. There are also 

literary works in Indonesia with scientific content 

in them. Some literary works with scientific content 

include the novels of Supernova: Knights, 

Princesses, and Shooting Stars by Dewi "Dee" 

Lestari, Area X: Hymne Angkasa Raya by Eliza V. 

Handayani, and Laskar Pelangi by Andrea Hirata. 

According to Horace in Teeuw, literary works 

are "Dulce et Utile" in nature, implying that they 

include pleasant and useful meanings [9]. 
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Therefore, it can be said that literature generally 

can be used as entertainment while yet having deep 

meaning. The advantages are provided in the form 

of moral and character values as well as science 

and technology. The existence of this kind of 

nature can enhance the role of science fiction as an 

alternative supporting medium in science learning. 

The Alternative of Supporting Media 

Science is still a subject that is considered 

difficult by sudents. Various factors are the cause 

of the unsatisfactory learning outcomes of science 

students. The factors that cause science learning 

difficulties are divided into two, namely internal 

and external. Internal factors include aspects of 

talent, interest, motivation, and intelligence [10]. 

Meanwhile, external factors include school 

facilities, teachers, infrastructure, and student 

activities. 

 The things that make it difficult to learn 

science are because there are many foreign terms, 

the material is too dense and seems to be 

memorized, the use of limited media, the lack of 

variety of media is directly proportional to the level 

of understanding of students, teacher dominance 

that is too strong in learning activities, material that 

is not mastered by teachers, and learning that is not 

varied [11]. 

  The existence of the media as a learning 

support is much needed. Media as a tool to convey 

messages that might motivate people to carry out 

activities [12]. The definition indicates how the 

media work in general. In the world of education, 

media is always associated with learning so it is 

called learning media. Learning media is a tool in 

the teaching and learning process [13]. 

Furthermore, learning media is everything that can 

be used to convey messages or information in the 

teaching and learning process so that it can 

stimulate the attention and interest of students in 

learning [14]. 

Learning media has four functions, namely 

attentional, affective, cognitive, and compensatory 

functions. The attentional function is the core 

function of the learning media, which is to attract 

and direct students’ attention to concentrate on the 

learning material displayed or accompanying the 

text of the learning material. Affective function is 

one of the functions of learning media that may be 

observed from the convenience of students while 

learning. Furthermore, cognitive function can be 

seen from the appearance of the media, while the 

compensatory function of the learning media can 

be seen based on the results of the study. 

Based on the aforementioned several 

discussions about these learning media, it can be 

seen that learning media is one of the tools that can 

be used in certain learning processes to attract 

students' learning interests and achieve the 

expected learning objectives. In this study, learning 

media is called the alternative of supporting media 

because the phrase 'alternative media' has the 

meaning of many media choices, while supporters 

are intended to support the learning process. 

 

Science Learning with the Alternative of 

Supporting Media of "Science Fiction" 

Science fiction is one of the supporting media 

that can potentially be used to convey scientific 

material in a non-rigid way. Science fiction 

frequently contributes to cultural, social, scientific, 

and literary studies and supports efforts to improve 

science communication, particularly in the area of 

science education [15]. 

Various stories are associated with science so 

that learners will be more interested. This has a 

positive impact because it can attract the 

enthusiasm of students. Science learning strategies 

can also be by utilizing books, both fiction and 

nonfiction, that have a relation to science learners 

so that students would be more engaged and 

motivated to read [16]. 

Science fiction can improve children’s 

intelligence. The involvement of science fiction as 

a medium in increasing naturalist intelligence 

cannot be separated from the basic traits of a child, 

namely having a high curiosity in new, unique, and 

secret things so that they can motivate children to 

develop analytical and fantasy power. 

Science fiction can also be used as 

propaganda that presents complex theories in a fun 

way. Although other phenomena connected to the 

subject matter of science fiction are challenged as 

to their reality, they might be employed as 

stimulants to sharpen students' critical thinking. 

Possess critical thinking in line with the 

strengthening of character values based on the 

Regulation of the Minister of Cultural Education of 

the Republic of Indonesia Number 20 of 2018 

concerning Strengthening Character Education in 

Formal Education Units. These values include 

religious values, honesty, tolerance, discipline, hard 

work, creativity, independence, democratic, 

curiosity, national spirit, love of the homeland, 

respect for achievements, communication, peace-

loving, fondness of reading, environmental care, 

social care, and responsibility. 

ISSN 2985-5721

Proceeding of International Conference of Education, Sciences, Technology, Engineering, & Mathematics



 

279 
 

There is occasionally skepticism regarding 

science fiction's contribution to science learning. 

Students will, however, be encouraged to read for 

pleasure to learn about scientific theories and to 

find the answers to problems with the support of 

science fiction. Their intense curiosity will 

motivate them to keep studying from many sources. 

This kind of condition will encourage students to 

think critically in the hope that it will be followed 

up with scientific development that will be 

beneficial for society and civilization. 

 

CONCLUSION 

Science fiction is one of the prose genres that 

has unique characteristics of combining a high 

level of imagination with science. With these 

characteristics, science fiction can be used as an 

alternative supporting medium in science learning 

in schools. This is due to the fact that the inclusion 

of science fiction in science encourages students to 

explore diverse scientific issues and theories 

through a pleasant reading experience. As a result, 

these learning activities indirectly encourage 

learners to think critically and enhance their 

learning so that learning objectives can be achieved 

optimally. 
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ABSTRACT 
This study aims to examine the influence of entrepreneurship competence in the dimensions of innovativeness, 

creativity, commitment, courage to take risks and building a team of principals on the motivation and performance of 

SMK teachers in Soppeng Regency through direct and indirect influences. This research is a quantitative research with 

a correlational design through the survey method. The sampling technique is probability sampling with a total sample 

of 280 people spread over ten vocational schools in Soppeng Regency, South Sulawesi, Indonesia. The data analysis 

technique used was Structural Equation Modeling (SEM) with the Amos 24 application. The results showed a partial 

hypothesis test that the dimensions of innovativeness, creativity, commitment, risk-taking and building a team of 

principals’ entrepreneurship competence had a significant direct and indirect effect on teacher performance. The 

dimensions of innovativeness, creativity, commitment, courage to take risks and building a team of principals’ 

entrepreneurship competencies have a significant direct effect on teacher motivation. Teacher motivation has a 

significant effect on teacher performance. Simultaneously the dimensions of innovation, creativity, commitment, 

courage to take risks and building a team of principals’ entrepreneurship competence have a positive and significant 

effect on teacher motivation. The dimensions of innovation, creativity, commitment, courage to take risks, building a 

team of principals’ entrepreneurship competence and teacher motivation simultaneously have a positive and 

significant effect on teacher performance. The better the dimensions of innovation, creativity, commitment, courage to 

take risks, building a team of principals’ entrepreneurship competencies, the better the teacher’s motivation to 

determine teacher performance. 

Keywords: competence; entrepreneurship; motivation; principal; teacher performance. 

 

1. Background 
To create quality education, as the spearhead in 

the forefront of the school scope, teachers must show 

good performance. According to Magnier-Watanabe, 

Uchida, Orsini, and Benton [1] said that employee 

performance is the result of the implementation of 

tasks and activities carried out. To create a quality 

education, as the spearhead in the forefront of the 

school scope, teachers must show good performance. 

Good teacher performance is strongly influenced by 

the attitude and motivation of the principal as a leader 

[2]–[5]. Principal leadership affects teacher 

performance, teacher work motivation affects teacher 

performance, [6] . 

Motivation plays an important role in determining 

teacher performance. Motivation is a process that 

describes the intensity, direction and persistence of an 

individual to achieve his goals [7] . Intensity describes 

how hard a person tries. High intensity will not bring 

the desired results unless the effort is directed towards 

a goal that benefits the organization. In other words, 

motivation must have a directional dimension. Efforts 

to persevere in advancing towards organizational 

goals is an effort that must be cultivated. Motivation 

has a persistence dimension, which is a measure of 

how long a person can maintain his or her efforts. 

Motivated individuals will stay on the job to achieve 

their goals. 

From the explanation above, it is shown that 

teacher performance is determined by two factors, 

namely psychological influence (motivation) and 

situational influence. The situational influence in this 

case is the principal’s entrepreneurship competence in 

the dimensions of being innovative, creative, 

committed, taking risks and building teams. To be 

able to develop and be able to compete in the era of 

digitalization, a principal who has an innovative spirit 

is needed. The principal must be able to generate 

ideas, be able to perfect existing ideas, collect ideas 

from educators, sort out ideas, evaluate ideas, 

implement ideas and be able to develop ideas. An 

innovative spirit is needed in the form of ideas or 

ideas in solving a problem. Brilliant ideas are needed 

in order to move faster to achieve goals. Thus a school 
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organization needs a principal who has an innovative 

spirit so that teacher performance can increase. The 

results of research conducted by Wang and Dass [8] 

and Tsai [9] stated that innovative behavior can 

improve employee performance. 

Why is entrepreneurial competence in the 

creative dimension important for a school principal? 

To be able to achieve the goals set by the school, the 

creativity of the principal is needed. A creative 

principal always tries to try new things, tries to 

increase his knowledge, tries to improve his skills to 

solve problems, has perseverance in work and has 

more curiosity. A school principal who only waits for 

orders from his superiors, does not want to get out of 

his safe and comfortable zone, will be left behind by 

high competition. 

Furthermore, the dimensions of entrepreneurial 

competence commitment are important for school 

principals and school organizations. Commitment 

refers to loyalty to the organization. Of course, the 

principal's commitment is needed so that the goals 

that have been set in a short-term program, medium-

term program and long-term program can be realized 

properly. The principal's commitment is needed in 

order to be integrated with the school organization, 

there is an emotional attachment to the school, he will 

not leave the school organization, stay in school with 

a full sense of responsibility in carrying out his duties. 

The opinion of Salancik (1977) as quoted by 

Armstrong [10] that commitment is a state in which 

an individual becomes bound by his actions and 

through these actions on beliefs that sustain his own 

activities and involvement. Principal commitment is 

needed in order to increase teacher motivation and 

performance. Research by Diamantidis and 

Chatzoglou [11] management support leadership, 

leadership commitment affects employee 

performance. Leadership commitment affects 

individual performance [12]  

Why is the risk-taking dimension of the 

principal’s entrepreneurship competence important? A 

school organization on its way to arrive at a 

predetermined achievement target, it will be in 

uncertainty. Because of the uncertainty, the risk is 

always there. This is where a school principal is 

needed who has the courage to take risks. Principals 

must dare to make decisions, principals must dare to 

compete with other schools, principals must dare to 

face business challIndicatores and try to suppress and 

minimize risks. Risk taking has to do with self-

confidence. That is, the greater a person's belief in his 

or her own abilities, the greater that person's belief in 

the ability to influence outcomes and decisions, and 

the greater a person's willingness to try what others 

perceive as a risk [13] . 

Why is the dimension of building a principal's 

entrepreneurial competency team important? School is 

a gathering place for various resources, both natural 

resources and human resources. All natural resources 

must be able to be managed properly optimized by 

human resources. Human resources must be able to be 

influenced, mobilized, developed and empowered. In 

a school organization, human resources have different 

levels of ability and behavior. Because of these 

differences, it is necessary to build a team so that the 

goals can be achieved. According to Rue & Byars 

[14] that team building is the process of building a 

cohesive group that works together to achieve its 

goals. 

1.1 The problem Statement 
Based on the background of the problem above, 

the formulation of the problems are as follows: 

1. Is there a direct and indirect effect of the 

innovative dimensions of the principal’s 

entrepreneurship competence on the performance 

of the Soppeng Regency Vocational High School 

teachers? 

2. Is there a direct influence of the innovative 

dimensions of the principal’s entrepreneurship 

competence on the motivation of the Soppeng 

Regency Vocational High School teachers? 

3. Is there a direct and indirect influence on the 

creative dimensions of the principal’s 

entrepreneurship competence on the performance 

of the Soppeng Regency Vocational High School 

teachers? 

4. Is there a direct influence of the creative 

dimension of the principal’s entrepreneurship 

competence on the motivation of the Soppeng 

Regency SMK teachers? 

5. Is there a direct and indirect effect of the 

dimensions of the principal’s entrepreneurship 

competence commitment on the performance of 

the Soppeng Regency Vocational High School 

teachers? 

6. Is there a direct influence on the dimensions of 

the principal’s entrepreneurship competence 

commitment to the motivation of the Soppeng 

Regency Vocational High School teachers? 

7. Is there a direct and indirect influence of the 

dimensions of daring to take risks on the 

entrepreneurial competence of the principal on 

the performance of the Soppeng Regency 

Vocational High School teachers? 

8. Is there a direct influence of the dimensions of 

daring to take risks on the entrepreneurial 

competence of the principal on the motivation of 

the Soppeng Regency Vocational High School 

teachers? 

9. Is there a direct and indirect influence on the 

dimensions of building a principal entrepreneurial 

competency team on the performance of Soppeng 

Regency Vocational High School teachers? 

10. Is there a direct influence on the dimensions of 

building a school principal’s entrepreneurship 

competence team on the motivation of Soppeng 

Regency Vocational High School teachers? 

11. Is there a direct influence of teacher motivation 

on the performance of teachers in SMK Soppeng 

Regency. 
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12. Is there a simultaneous influence of innovative, 

creative, commitment, risk-taking and building a 

team of principals' entrepreneurial competence on 

teacher moti 

13. vation? 

14. Is there a simultaneous influence of the 

innovative, creative, commitment, risk-taking, 

team-building and motivation on the performance 

of the Soppeng Regency Vocational High School 

teachers? 

2. Theoretical basis 

2.1. Performance theory 
According to King [15] that performance is a 

person's activity in carrying out the main tasks 

assigned to him. Referring to this view, it can be 

interpreted that a person's performance is related to 

the routine tasks he does. For example, as a teacher, 

his routine task is to carry out the teaching and 

learning process in schools. The results achieved 

optimally from the teaching task are the performance 

of a teacher. According to Byars & Rue [16], 

performance is seen as the result of the link between 

effort, ability, and role perception. Effort, resulting 

from being motivated, refers to the amount of energy 

(physical and/or mental) that an individual use in 

performing a task. Ability, is a personal characteristic 

used in doing a job. Perception, role (task) refers to 

the direction in which individuals believe that they 

should channel their efforts into their work. 

Performance is not only related to individual 

variables, but is also related to situational variables. 

This is in accordance with what is said by [17] that 

performance is influenced either directly or indirectly 

by several factors such as motivational factors, 

organizational culture, organizational structure, 

leadership behavior and type, team processes, team 

characteristics, individual abilities, personality, 

values. culture. The teacher's performance variable in 

this study was measured in five dimensions, namely 

work quality, work accuracy, work initiative, work 

ability and communication. 

2.2. Motivation theory 
Motivation according to Robbins & Judge [7] as 

the processes that account for an individual's intensity, 

direction, and persistence of effort toward attaining a 

goal. In this study, the motivation theory used as a 

reference in revealing teacher motivation is the Goal 

Setting Theory from Locke & Latham and the Self 

Efficacy Theory from Bandura. Considerations for the 

selection of the theory are to see the level of clarity of 

goals, the level of difficulty of the goals, the level of 

intensity of achieving the goals, the level of 

commitment to achieving the goals and how confident 

the teacher is in his ability to carry out the task. Goal 

setting theory is a theory of motivation that explains 

what causes some people to perform better on work-

related tasks than others [18] . Self-efficacy beliefs 

contribute to motivation by determining the goals 

individuals set for themselves, how much effort they 

expend, how long they persist in the face of adversity, 

and their resilience to failure [19] . 

2.3. Innovative dimensions of principal’s 

entrepreneurship competence 
Innovation requires good leadership and 

management at the organizational level. At the 

organizational level in schools, the principal is the 

leader of change. Good leaders will stimulate people 

to be more active' and interested in their work, and in 

turn, will lead to a generation that has better ideas [20] 

. The results of research by [21]–[23] that there is a 

positive influence of innovation ability on 

performance. In this research, innovation is seen in 

three dimensions, namely generating ideas, harvesting 

ideas and developing and implementing these ideas. 

In the dimension of generating ideas, there are 

indicators, namely generating new ideas, perfecting 

existing ideas. In the dimension of harvesting ideas, 

the indicators are collecting ideas, sorting ideas and 

evaluating ideas. Meanwhile, in the Developing and 

implementing dimensions, these ideas have indicators, 

namely implementing ideas and developing ideas [20] 

. 

In the theory of motivation, there are two things 

that affect a person's motivation, namely intrinsic 

motivation and extrinsic motivation. One theory of 

motivation that can explain why people are attracted 

to do something because of the goal itself. Goal 

setting theory is a theory of motivation that explains 

what causes some people to perform better on work-

related tasks than others (Locke & Latham, 2013, p. 

1). Goal setting theory is a motivational theory that 

explains what causes some people to do better jobs 

than others. 

Colquitt, Lepine & Wesson (2019, p. 8) in the 

Integrative Model of Organizational Behavior 

explains that motivation as an individual mechanism 

is directly influenced by individual characteristics 

such as abilities, personality and culture. Motivation 

is also directly influenced by group mechanisms such 

as leader style, leader behavior, leader strIndicatorth, 

team processes, team characteristics. Likewise, 

motivation is directly influenced by organizational 

mechanisms, including organizational culture and 

organizational structure. 

The principal is a leader within the school 

environment. As a leader, of course, his leadership is 

expected to influence teacher motivation which in turn 

has an impact on improving teacher performance. 

Related to this, the path-goal theory of leadership 

developed by Robert House says that Leader behavior 

is acceptable to subordinates to the degree that they 

see it as a source of satisfaction now or as a step 

toward future satisfaction. Leader behavior influences 

the motivation of subordinates when it makes the 

satisfaction of their need’s contingent on successful 

performance; and it provides the guidance, support, 

and rewards needed for effective performance (Rue & 

Byars, 2009). Leader behavior is acceptable to 

subordinates insofar as they see it as a source of 
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present satisfaction or as a step towards future 

satisfaction. Leader behavior influences the 

motivation of subordinates when making satisfaction 

of their need’s contingent on successful performance; 

and provide the guidance, support, and rewards 

needed for effective performance. 

2.4. The creative dimension of the principal’s 

entrepreneurship competence 
According to Amabile [24] creativity in general is 

the existence of a new product, ideas that are useful 

for solving a problem. Creativity refers to the process 

of forming ideas or solving problems and 

implementing those ideas. Creativity is the ability to 

develop new ideas and find new ways of looking at 

problems and opportunities. It is further argued that 

creative thinking is at the core of business skills, and 

entrepreneurs take the lead in developing and 

applying those skills [25] . 

Research by [26] found that creative 

Indicatoragement of leaders is positively related to 

creative performance of employees; [27] there is an 

effect of job involvement on employee performance. 

The results of Yakup's research, [28] show that job 

involvement has a positive and significant effect on 

employee job satisfaction. In this study, creativity is 

measured in three dimensions, namely intrinsic 

motivation in carrying out tasks, skills in task 

dimensions and skills in creative thinking. 

2.5. Commitment Dimensions Principal 

entrepreneurship competence 
According to Allen & Meyer [29], there are three 

dimensions of commitment, namely affective, 

continuance and normative dimensions. Affective 

commitment refers to employees' emotional 

attachment, identification, and involvement in the 

organization. Employees with strong affective 

commitment continue to work with the organization 

because they want to do so. Continuity commitment 

refers to an awareness of the costs associated with 

leaving the organization. Employees whose primary 

relationship with the organization is based on a 

continuing commitment remain because they need to. 

Meanwhile, normative commitment reflects the 

feeling of obligation to continue the work. Employees 

with a high level of normative commitment feel that 

they must remain with the organization. 

The results of research conducted by [30] that 

commitment (Affective, Normative, continuance) is 

significantly related to organizational performance. 

Furthermore, by [31] job satisfaction, motivation and 

organizational commitment simultaneously affect 

employee performance. Meanwhile research by [32] 

organizational commitment affects organizational 

performance through ethical values; [33] 

organizational commitment has a positive impact on 

job performance; organizational commitment has a 

positive effect on job satisfaction; Job satisfaction has 

a positive impact on performance when organizational 

commitment is controlled. 

2.6. Dimensions dare to take risks Principal 

entrepreneurship competence 
Risk-taking is any behavior that is consciously, or 

unconsciously controlled, with a perceived 

uncertainty about the outcome, and/or about the 

possible benefits or costs for the physical, economic 

or psycho-social Good-being of oneself or others [34] 

. According to [35] the courage to take risks in 

entrepreneurship is a desire to try to do intelligently 

regardless of shame and fear. An entrepreneur must 

dare to take responsibility, be willing to test his guess 

about the business to be run and dare to take the risk 

of being wrong. In this study, the risk-taking variable 

will be measured in two dimensions, namely the 

ability to take risks and be anticipatory through 

indicators of daring to take risks for the business 

being undertaken, daring to compete with others, 

daring to make decisions, the ability to suppress and 

minimize risk and readiness to face business 

challIndicatores. 

2.7. Dimensions of building a team Principal 

entrepreneurship competence 
According to Rue & Byars [14] that team 

building is the process of building a cohesive group 

that works together to achieve its goals. According to 

Rivai & Murni [36] the main purpose of building a 

team is to build a solid work unit, having membership 

identification and strong collaboration, especially in 

inter-teacher schools because certain lessons need to 

be managed with team teaching. Similarly, other jobs 

that involve personnel with different characters. 
Teams play an important role in helping the 

organization achieve its goals. Groups have more 

knowledge and information than individuals. They 

make communication and problem solving easier. 

This creates a more efficient and effective company 

[14] . The team building variable in this study 

includes three dimensions, namely: selecting 

individuals, building trust and encouraging group 

cohesiviness. 

3. Research methods 

3.1. Research type and design 
This type of research is a quantitative 

research with a correlational research design. The 

method used is the Survey method. 

 
Figure 1. Research design 

3.2. Research time and place 
This research was conducted from February to 

May 2021 with the research location being a 

Vocational High School in Soppeng Regency, South 

Sulawesi, Indonesia . 
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3.3. Research variable 
The principal’s innovative character has 3 (three) 

dimensions, namely: generating ideas, harvesting 

ideas and developing and implementing the ideas. 

Creative variables have 3 (three) dimensions, namely: 

motivation to do the task, skills in the task domain and 

skills in creative thinking. The commitment variable 

has three dimensions, namely affective commitment, 

continuance commitment and normative commitment. 

The risk-taking variable consists of two dimensions, 

namely the ability to take risks and be anticipatory 

through indicators of daring to take risks for the 

business being undertaken, daring to compete with 

others, daring to make decisions, the ability to 

suppress and minimize risk and readiness to face 

business challIndicatores. The team building variable 

in this study includes three dimensions, namely: 

selecting individuals, building trust and encouraging 

group cohesiviness. The teacher motivation variable 

has five dimensions, namely goal content, goal 

intensity, magnitude, strIndicatorth and generality 

and the teacher performance variable has five 

dimensions, namely work quality, work accuracy, 

initiative at work, work ability and communication. 

3.4. Population and sample 
The population in this study were all teachers at 

vocational schools in Soppeng Regency, South 

Sulawesi, Indonesia totaling 410. The sample taken 

was 280 teachers with the sampling technique used 

was probability sampling, ie the sampling technique 

provided equal opportunities for each member of the 

population to be selected as sample members. 

3.5. Data collection and data analysis 

techniques 
The data collection technique in this research is a 

survey using data collection tools, namely 

questionnaires or questionnaires. The questionnaire is 

in the form of closed questions/statements given to 

respondents directly at their respective schools. 

Data analysis techniques are descriptive analysis 

and statistical inferential analysis with SEM 

(structural equation modeling) analysis. SEM analysis 

in this study was carried out using a two-step 

approach ( Two-Step Approach ). The first stage is 

done by re-specifying a hybrid model or a full model 

as a CFA ( Confirmatory Factor Analysis ) model in 

order to obtain an acceptable CFA model of each 

exogenous and endogenous construct. The CFA 

model can be accepted if it has a good validity and 

reliability model data fit [37] . The second stage of the 

two-step approach is to combine the CFA model from 

exogenous and endogenous constructs that have been 

accepted into one overall model (hybrid model) or full 

model to be estimated and analyzed in order to see the 

overall fit of the model and evaluate the structural 

model in order to obtain a full model that can be used. 

received. 

Confirmatory factor analysis is designed to test 

the unidimensionality of a theoretical construct. 

Confirmatory factor analysis is used to test whether 

the indicators forming the latent variable are 

significant and valid [38] . The latent variables that 

the researcher uses in this study are formed based on 

theoretical concepts with several indicators or 

manifest variables. Confirmatory analysis wants to 

test whether the indicators and dimensions forming 

the latent construct are valid indicators and 

dimensions as a measure of the latent construct. 

The CFA test refers to the model fit criteria 

contained in the following Goodness of Fit Index table 

: 

Table 1. Goodness of fit index 

No Goodness of Fit Index 
Cut off value  

 
Criteria 

1.  DF > 0 Over identified 

2.  Chi-Square < α.df Good fit 

3.  Probability  > 0,05 Good fit 

4.  CMIN/DF < 2 Good fit 

5.  GFI ≥ 0,90 Good fit 

6.  AGFI ≥ 0,90 Good fit 

7.  CFI ≥ 0,90 Good fit 

8.  TLI atau NNFI ≥ 0,90 Good fit 

9.  NFI ≥ 0,90 Good fit 

10.  IFI 0.90 good fit 

11.  RMSEA 0.08 good fit 

12.  RMR 0.05 good fit 

Source: [38, pp. 63–69]  

 

ISSN 2985-5721

Proceeding of International Conference of Education, Sciences, Technology, Engineering, & Mathematics



 

285 

 

4. Results and Discussion 

4.1. Research result 
4.1.1. Descriptive statistical analysis results 

Table 1. Description of Innovative Dimension Variables (X1) 

Variable Dimension 
Dimensions 

Average 
Category Indicator 

Average 

indicator 
Category 

In
n

o
v

at
iv

e 

ch
ar

ac
te

r 

Generating ideas 3.89 Good 
Indicator 1 3.80 Good 

Indicator 2 3.98 Good 

Collect and evaluate 

ideas 
3.82 Good 

Indicator 3 3.87 Good 

Indicator 4 3.83 Good 

Indicator 5 3.74 Good 

Develop and implement 

ideas 
3.78 good 

Indicator 6 3.75 Good 

Indicator 7 3.80 Good 

Variable mean 3.83 (good) 

Source: 2022 data processing results 

The descriptive results above indicate that 

the innovative dimension variable of the principal’s 

entrepreneurship competence is in the "good" 

category. The highest dimension is in the ability to 

generate ideas, which is 3.89. Furthermore, for the 

average indicator in the "good" category. The highest 

indicator is in indicator 2, which is refining existing 

idea

Table 2Description of Creative Dimension Variables (X2) 

Variable Dimension 
Dimension

s Average 
Category Indicator 

Average 

indicator 
Category 

C
re

at
iv

e 
C

h
ar

ac
te

r 1. Intrinsic motivation to 

do the task 
4.08 Good 

Indicator 1 4.16 Good 

Indicator 2 4.03 Good 

Indicator 3 4.07 Good 

2. Skills in the task 

domain 
3.83 Good 

Indicator 4 3.88 Good 

Indicator 5 3.77 Good 

3. Skills in creative 

thinking 
3.99 good 

Indicator 6 3.89 Good 

Indicator 7 3.94 Good 

Indicator 8 4.15 Good 

Variable mean 3.98 (good) 

Source: 2022 data processing results 

Based on table 3 above, it is known that in the 

creative dimension variable the entrepreneurial 

competence of the principal with an average of 3.98 is 

in the "good" category. Intrinsic motivation in 

carrying out tasks is the highest dimension according 

to respondents with an average of 4.08. Furthermore, 

the highest indicator is found in the first indicator, 

namely involvement in work with an average of 4.16. 

Table 4. Description of Commitment Dimension Variables (X3) 

Variable Dimension 
Dimensions 

Average 
Category Indicator 

Average 

indicator 
Category 

C
o

m
m

it
m

en
t 

C
h

ar
ac

te
r 

1. Affective 

Commitment 
3.83 Good 

Indicator 1 3.77 Good 

Indicator 2 3.59 Good 

Indicator 3 4.13 Good 

2. Continuing 

Commitment 
3.52 Good 

Indicator 4 3.41 Good 

Indicator 5 3.58 Good 

3. Normative 

Commitment 
4.10 good 

Indicator 6 4.29 Very good 

Indicator 7 4.00 Good 

Variable mean 3.82 (good) 

Source: 2022 data processing results 

Table 4 above shows that in the variable 

dimensions of the principal’s entrepreneurship 

competence commitment, the average is 3.82 in the 

"good" category. Affective commitment is the highest 

dimension according to respondents' perceptions. 

While the highest indicator is in the sixth indicator, 

namely the belief in responsibility towards the 

organization with an average of 4.29 in the "very 

good" category.
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Table 5. Description of the Dimensional Variable Dare to Take Risks (X4) 

Variabel Dimension 

Dimensio

ns 

Average 

Category Indicator 
Average 

indicator 
Category 

D
ar

e 
to

 

ta
k

e 
ri

sk
s 1. Dimensions of the 

ability to take risks 
3.98 Good 

Indicator 1 3.97 Good 

Indicator 2 4.12 Good 

Indicator 3 3.85 Good 

2. Anticipatory dimension 4.05 Good 
Indicator 4 4.04 Good 

Indicator 5 4.06 Good 

Variable mean 4.01 (good) 

Source: 2022 data processing results 

Based on table 5 above, it is known that the 

dimension variable is daring to take risks in the 

entrepreneurial competence of the principal with an 

average of 4.01 in the "good" category. Anticipatory 

dimension as the highest dimension according to the 

respondent's perception. While daring to compete 

with others is the highest indicator according to 

respondents

. 

Table 6. Description of Team Building Dimension Variables (X5) 

variable Dimension 
Dimensions 

Average 
Category Indicator 

Average 

indicator 
Category 

T
ea

m
 B

u
il

d
in

g
 

C
h

ar
ac

te
r 

1. (Selecting individuals) 4.25 Very good 
Indicator 1 4.32 Very good 

Indicator 2 4.18 Good 

2. Building trust 4.13 Good 

Indicator 3 4.14 Good 

Indicator 4 4.13 Good 

Indicator 5 4.27 Very good 

Indicator 6 4.03 Good 

3. Encourage group 

cohesiveness 
4.00 good 

Indicator 7 4.04 Good 

Indicator 8 3.95 Good 

Variable mean 4.14 (good) 

Source: 2022 data processing results 

Based on table 6 above, it shows that the 

dimension variable of building a team of principals' 

entrepreneurial competence with an average of 4.14 is 

in the "good" category. Selecting individuals is the 

highest dimension according to respondents. While 

the indicator with the highest score is found in the 

fifth indicator, namely sharing information with group 

members (share information) with a value of 4.27 in 

the "very good" category

. 

Table 7. Description of Teacher Motivation Variables (Y) 

Variable Dimension 
Dimensions 

Average 
Category Indicator 

Average 

indicator 
Category 

Motivation 

1. Goal content 4.30 Very good 
Indicator 1 4.45 Very good 

Indicator 2 4.10 Good 

2.Goal intensity 4.15 Good 
Indicator 3 4.13 Good 

Indicator 4 4.16 Good 

3.Magnitude 4.27 Very good 
Indicator 5 4.25 Very good 

Indicator 6 4.30 Very good 

4.StrIndicatorth 4.11 Good Indicator 7 4.11 Good 

5.Generality 4.18 Good Indicator 8 4.18 good 

Variable mean 4.22 (very good) 

Source: 2022 data processing results 

Table 7. Description of Teacher Motivation Variables (Y) 

Variable Dimension 
Dimensions 

Average 
Category Indicator 

Average 

indicator 
Category 

Motivation 
1. Goal content 4.30 Very good 

Indicator 1 4.45 Very good 

Indicator 2 4.10 Good 

2.Goal intensity 4.15 Good Indicator 3 4.13 Good 
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Indicator 4 4.16 Good 

3.Magnitude 4.27 Very good 
Indicator 5 4.25 Very good 

Indicator 6 4.30 Very good 

4.StrIndicatorth 4.11 Good Indicator 7 4.11 Good 

5.Generality 4.18 Good Indicator 8 4.18 good 

Variable mean 4.22 (very good) 

Source: 2022 data processing results 

Based on table 7 above, it is known that the 

teacher motivation variable has the highest dimension, 

namely goal content with a score of 4.30 in the "very 

good" category. While the highest indicator is the first 

indicator of the level of accuracy (clarity) of special 

objectives with an average of 4.45 in the "very good" 

category. Overall the average teacher motivation 

variable is 4.22 which indicates that the respondents' 

assessment of the teacher motivation variable is 

included in the "very good" category

. 

. Table 8. Description of Teacher Performance Variables (Z) 

Variable Dimension 
Dimensions 

Average 
Category Indicator 

Average 

indicator 
Category 

T
ea

ch
er

 P
er

fo
rm

an
ce

 

1. Dimensions of work 

quality 
4.32 

Very 

good 

Indicator 1 4.32 Very good 

Indicator 2 4.28 Very good 

Indicator 3 4.36 Very good 

2. Dimensions of work 

accuracy 
4.31 

Very 

good 

Indicator 4 4.14 Good 

Indicator 5 4.26 Very good 

Indicator 6 4.45 Very good 

3. Initiative dimension 

at work 
4.24 

Very 

good 

Indicator 7 4.37 Very good 

Indicator 8 4.26 Very good 

Indicator 9 4.03 good 

4. Dimensions of 

workability 
3.92 Good 

Indicator 10 4.05 Good 

Indicator 11 3.82 good 

5. Communication 

dimension 
3.91 Good 

Indicator 12 4.08 good 

Indicator 13 3.63 good 

Variable mean 4.17 (good) 

Source: 2022 data processing results 

Based on table 8 above, it shows that the average 

teacher performance value is 4.17 in the "good" 

category according to respondents' perceptions. The 

dimension of work quality is the highest dimension 

which is characterized by mastering the material, 

managing the teaching and learning process and 

managing the class. The lowest dimension is the 

communication dimension, which is characterized by 

understanding and managing school administration 

and being able to interpret research results to improve 

the quality of learning. Mastering the education 

foundation is the highest indicator according to the 

respondents' assessmen.

4.1.1. SEM Assumption Test Results 

The assumptions that must be met by the SEM 

model in this study include the normality test, 

multicollinearity test, and outlier test. Data is said to 

be normally distributed if the critical ratio (CR) is 

between -2.58 to 2.58. Based on the results of the 

normality assumption test, it shows that each variable 

indicator in this study has a critical ratio (CR) value of 

less than ± 2.58. Therefore, the variable indicator data 

proved to be normally distributed. Based on the table 

of multicollinearity test results, it can be seen that the 

correlation between variables < 0.8. This means that 

there is no multicollinearity between variables. The 

outliers test in this study is explained based on the 

comparison between the mahalonobis distance value 

and the chi-square table value using df = 26 (number 

of unobserved variables) and error rate = 0.001 (26; 

0.001 = 54.052). The data is said to be outlier if the 

value of the top mahalobis distance > chi square table. 

The data obtained the highest value of mahalanobis 

distance of 52.471. Based on these criteria, it can be 

seen that the highest value of the mahalonobis 

distance value is 52.471, which is smaller than the 

chi-square table, so it can be stated that the research 

data is proven to be free from the problem of outliers. 

4.1.2. Confirmatory factor analysis test 
Table 9. Convergent Validity Test Results 

 

ISSN 2985-5721

Proceeding of International Conference of Education, Sciences, Technology, Engineering, & Mathematics



 

288 

 

   estimate 

IN3 <--- Innovative .832 

IN2 <--- Innovative .910 

IN1 <--- Innovative .801 

KRE3 <--- Creative .868 

KRE2 <--- Creative .697 

KRE1 <--- Creative .658 

KOM3 <--- Commitment .530 

KOM2 <--- Commitment .655 

KOM1 <--- Commitment .998 

RIS2 <--- Risk .664 

RIS1 <--- Risk .824 

TEAM3 <--- TEAM .719 

TEAM2 <--- TEAM .699 

TEAM1 <--- TEAM .692 

MOT1 <--- Motivation .669 

MOT2 <--- Motivation .695 

MOT3 <--- Motivation .687 

MOT4 <--- Motivation .593 

MOT5 <--- Motivation .555 

KIN1 <--- Performance .768 

KIN2 <--- Performance .777 

KIN3 <--- Performance .597 

KIN4 <--- Performance .635 

KIN5 <--- Performance .677 

The Standardized Regression Weight value in table 9 above shows the loading factor (Estimate) value above 

0.5, this means that the indicator can explain the existing construct.

4.1.3. Reliability test 
Table 10. Square Root Value of AVE 

Variable CR VE 

Innovative dimensions 0.885 0.849 

creative dimension 0.788 0.747 

Commitment dimension 0.786 0.754 

Dimensions dare to take risks 0.716 0.748 

Dimensions of team building 0.746 0.703 

Teacher motivation 0.777 0.642 

Teacher performance 0.822 0.694 

The results in table 10 above show that the CR value of all variables is > 0.700 and the VE value is > 0.500. 

Therefore, it can be concluded that all variables are reliable and feasible. 
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4.1.4. Full model 

 
Figure 2. Full Fit Standardized Model 

Furthermore, testing of the feasibility of the Full Model is carried out. To see that the model is feasible to 

use, the model fit index criterion is used. 

Table 11. Summary of Model Conformity Test Results (Goodness of Fit) 

Goodness of Fit Cut of Value Result of 

Analisis 

Evaluation 

Model 

Degree of Fredom (DF) Positif (+) 208 Over identified 

X
2 
(Chi - Square) 242,647 384,115 Bad Fit 

Signifikansi Probability ≥ 0,05 0,000 Bad Fit 

CMIN/DF ≤ 2,00 1,847 Good Fit 

GFI ≥ 0,90 0,901 Good Fit 

AGFI ≥ 0,80 0,857 Good Fit 

CFI ≥ 0,90 0,951 Good Fit 

TLI ≥ 0,90 0,935 Good Fit 

NFI ≥ 0,90 0,901 Good Fit 

IFI ≥ 0,90 0,952 Good Fit 

RMSEA ≤ 0.08 0,055 Good Fit 

RMR ≤0,05 0,037 Good Fit 

Source: Data primer by writer with AMOS 24 (2022) 

Based on Table 11 above, it can be concluded 

that overall the Full Model Figure 2 is an acceptable 

Fit Model. According to Haryono and Wardoyo [39] a 

model is said to be feasible if at least one of the 

model's feasibility test methods is met. Meanwhile, 

according to Thakkar [40] that the model is 

considered feasible (good fit model) if it has met 3-4 

criteria

4.1.5. Hypothesis testing 
Table 12. Table of direct effects 

Influence Coefficient CR P Information 

1 2 3 4 5 

X1 → Y .131 3.376 *** Significant 

X2 → Y .211 4.281 *** Significant 

X3 → Y .184 2,489 .013 Significant 

X4 → Y .220 2.846 .004 Significant 

X5 → Y .279 4.079 *** Significant 
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X1 → Z .084 2.387 .017 Significan 

X2 → Z .132 2.919 .004 Significan 

X3 → Z .148 2.192 .028 Significan 

X4 → Z .137 1.975 .048 Significan 

X5 → Z .318 4.632 *** Significan 

Y → Z .350 3.795 *** Significant 

Note: *** = 0.000 significant at 0.01 . significance value 

Source: Primary data processed (2022) 

Based on the summary of the results of the SEM 

analysis on the direct effect, several things can be 

explained as follows: The critical ratio (CR) value for 

the influence of innovative variables on teacher 

motivation is 3.376, which is greater than the t table 

value (1.960) and the significance value is 0.000 

<0.05 and the coefficient 0.131 with a positive 

direction. This means that innovation has an effect on 

teacher motivation. The higher the innovative 

dimension of the principal’s entrepreneurship 

competence, the better the teacher's motivation. 

Furthermore, the critical ratio (CR) value for the 

influence of the principal's creative character variable 

on teacher motivation is 4.281, which is greater than 

the t table value (1.960) and the significance value is 

0.000 <0.05 and the coefficient value is 0.211 in a 

positive direction. This means that creative character 

has an effect on teacher motivation. The higher the 

creative dimension of the principal’s entrepreneurship 

competence, the better the teacher's motivation. Based 

on the results of the t test, commitment to motivation 

has a CR value of 2.489, which is greater than t table 

(1.960) and a significance value of 0.013 <0.05 and a 

coefficient value of 0.184 with a positive direction. 

This means that commitment has an effect on teacher 

motivation. The higher the dimensions of the 

principal’s entrepreneurship competence commitment, 

the better the teacher's motivation. The critical ratio 

(CR) value for the effect of the risk-taking variable on 

teacher motivation is 2.846, which is greater than the 

t-table value (1.960) and the significance value is 

0.004 <0.05 and the coefficient value is 0.220 in a 

positive direction. This means that taking risks has an 

effect on teacher motivation. The higher the 

dimension of risk-taking the principal’s 

entrepreneurship competence, the better the teacher's 

motivation. The critical ratio (CR) value for the effect 

of the team-building variable on teacher motivation is 

4.079, which is greater than the t-table value (1.960) 

and the significance value is 0.000 <0.05 and the 

coefficient value is 0.279 in a positive direction. This 

means that the variable of team building has an effect 

on teacher motivation. The higher the ability to build 

the entrepreneurial competence of the principal, the 

better the teacher's motivation. 

The critical ratio (CR) value for the influence of 

innovative character variables on performance is 

2.387, greater than the t table value (1.960), the 

significance value is 0.017 <0.05, and the coefficient 

value is 0.084 in a positive direction. Thus, the 

innovative dimensions of the principal’s 

entrepreneurship competence have a significant effect 

on the performance of SMK teachers in Soppeng 

Regency. The critical ratio (CR) value for the effect of 

creative variables on teacher performance is 2.919, 

which is greater than the t table value (1.960) and the 

significance value is 0.004 <0.05 and the coefficient 

value is 0.132 in a positive direction. Therefore, it can 

be stated that there is a positive influence of the 

principal's creative variable on the performance of 

SMK teachers in Soppeng Regency. The critical ratio 

(CR) value for the influence of the commitment 

variable on teacher performance is 2.192, greater than 

the t table value (1.960) and the significance value is 

0.028 <0.05 and the coefficient value is 0.148 in a 

positive direction. This means that the commitment 

variable has a significant effect on teacher 

performance. The better the principal's commitment, 

the higher the teacher's performance. The critical ratio 

(CR) value for the effect of the risk-taking variable on 

teacher performance is 1.975, which is greater than 

the t-table value (1.960) and the significance value is 

0.048 <0.05 and the coefficient value is 0.137 in a 

positive direction. This means that the risk-taking 

variable has a significant effect on teacher 

performance. The higher the courage to take the risk 

of the principal’s entrepreneurship competence, the 

better the teacher's performance. The critical ratio 

(CR) value for the effect of the team building variable 

on teacher performance is 4.632, which is greater than 

the t table value (1.960) and the significance value is 

0.000 <0.05 and the coefficient value is 0.318 in a 

positive direction. This means that the team building 

variable has a significant effect on teacher 

performance. The higher the team building the 

principal’s entrepreneurship competence, the better 

the teacher's performance. The results of the analysis 

of the teacher's motivation variable on teacher 

performance have a CR value of 3.795, greater than t 

table (1.960) and a significance value of 0.000 and a 

coefficient value of 0.350 in a positive direction. 

Thus, the variable of teacher motivation has a 

significant effect on the performance of SMK teachers 

in Soppeng Regency. The higher the teacher's 

motivation, the better the teacher's performance. 
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Table 13. Table of indirect effects 

Connection t count t table P (Probability) Information 

Innovative→ motivation → performance 2,522 1,960 0.012 Significant 

Creative → motivation → performance 2.839 1,960 0.004 Significant 

Commitment→motivation→ performance 2,081 1,960 0.037 Significant 

Risk → motivation → performance 2,276 1,960 0.023 Significant 

Team → motivation → performance 2,778 1,960 0.005 Significant 

Source: Primary data processed (2022) 

Based on the indirect effect table, it can be seen 

that the t-count value for the influence of the 

principal's innovative variable on teacher performance 

through teacher motivation is 2.522> 1.960 t table and 

the significance value is 0.012 <0.05. Therefore, it can 

be stated that the principal's innovative variable has a 

significant effect on teacher performance through the 

motivation of SMK teachers in Soppeng Regency. 

The high innovative dimension of the principal is 

followed by the high motivation of teachers in 

determining teacher performance. This shows that the 

existence of the motivational mediating variable has a 

significant influence in mediating the latent variable 

of the principal's innovative dimension with the latent 

variable of teacher performance. The creative 

dimension of the principal’s entrepreneurship 

competence with t count 2.839 > 1.960 t table and a 

significance value of 0.004 <0.05. This can be 

interpreted that the creative variable of the principal 

has a significant effect on teacher performance 

through teacher motivation. This shows that the 

existence of the motivational mediating variable has a 

significant influence in mediating the latent variable 

of the creative dimension of the principal with the 

latent variable of teacher performance. The 

dimensions of the principal’s entrepreneurship 

competence commitment with t count 2.081 > 1.960 t 

table and a significance value of 0.037 <0.05. This 

means that the principal's commitment variable has a 

significant effect on teacher performance through 

teacher motivation. This shows that the existence of 

the motivational mediating variable has a significant 

influence in mediating the latent variable of the 

principal's commitment dimension with the latent 

variable of teacher performance. The dimension of 

dare to take risks is the principal’s entrepreneurship 

competence with t count 2,276 > 1,960 t table and a 

significance value of 0.023 <0.05. This means that the 

principal's risk-taking variable has a significant effect 

on teacher performance through teacher motivation. 

This shows that the existence of the motivational 

mediating variable has a significant influence in 

mediating the latent variable of the principal's risk-

taking dimension with the latent variable of teacher 

performance. The dimensions of building a school 

principal’s entrepreneurship competence team with t 

count 2.778 > 1.960 t table and a significance value of 

0.005 <0.05. This can be interpreted that the variable 

of building a principal's team has a significant effect 

on teacher performance through motivation. This 

shows that the existence of the motivational mediating 

variable has a significant influence in mediating the 

latent variable of the principal's risk-taking dimension 

with the latent variable of teacher performance. 

 

Table 14 Simultaneous Effect (Test F) 

Simultaneous Effect F count F table R Square Information 

X1, X2, X3, X4, X5→ Y 57.265 2,246 0.511 Significant 

X1, X2, X3, X4, X5, Y → Z 100,333 2,131 0.688 Significant 

Source: Primary data processed (2022) 
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The results of the SEM analysis on the 

simultaneous effect table show that the calculated F 

value for the influence of innovative, creative, 

commitment, risk-taking and team-building variables 

on teacher motivation is 57,265 which is greater than 

the F table value (2,246). Therefore, it can be stated 

that there is a simultaneous influence between 

innovative, creative, commitment, risk-taking and 

team-building variables on teacher motivation. The r-

square value of 0.511 means that the dimensions of 

innovative, creative, commitment, risk-taking and 

building a school principal’s entrepreneurship 

competence team contribute to teacher motivation by 

51.1%, the remaining 48.9% is influenced by other 

factors not in this study. 

 Based on the simultaneous effect, it shows 

that the calculated F value for the influence of the 

variable dimensions of innovative, creative, 

commitment, risk taking, team building and teacher 

motivation on teacher performance is 100.333 which 

is greater than the F table value (2.131). Therefore, it 

can be stated that there is a simultaneous influence 

between the dimensions of innovative, creative, 

commitment, risk-taking, team building and teacher 

motivation on teacher performance. The value of r 

square of 0.688 means that the dimensions of 

innovativeness, creativity, commitment, dare to take 

risks, building a team of principal entrepreneurship 

competencies and teacher motivation contribute to 

teacher performance by 68.8%, the remaining 31.2% 

is influenced by other factors not in the study.  

4.1.6. Discussion 
The results of the direct and indirect influence 

hypothesis test show that the innovative dimensions 

of the principal’s entrepreneurship competence on 

teacher performance are proven to be accepted. In this 

model, which functions as an intermediate variable is 

the teacher's motivation. This indicates that the higher 

the teacher's motivation which is influenced by the 

innovative dimensions of the principal’s 

entrepreneurship competence, the better the teacher's 

performance. The results of this study strengthen the 

results of previous studies by [21]–[23], [41] that 

there is a positive influence of innovation ability on 

performance. The results showed that the innovative 

dimension had a positive effect on teacher motivation. 

Based on the results of the respondent's frequency of 

answers, it shows the teacher's motivation variable 

with an average of 4.22 which is in the very good 

category. This needs to be maintained and improved 

by the principal. The dimension with the highest value 

according to the respondent's perception is goal 

content with indicators of the level of clarity of goals 

and the level of difficulty to be achieved. The average 

value of these dimensions is 4.30 in the very good 

category. Therefore, it is necessary for the principal to 

maintain this so that the goals set by the school are 

always clearly understood by the teacher. The work 

has clear goals, clear directions, so even though it is 

difficult, the teacher will maximize his efforts to 

achieve these goals. The low performance of teachers 

in schools is influenced by various factors including 

the principal's leadership and teacher work motivation 

[42] . This is in line with the opinion of Kasmir [43] 

which suggests that teacher performance is influenced 

by several factors including: work environment, 

organizational culture, leadership, work motivation, 

work discipline, salary, job satisfaction and other 

factors. 

The results of the direct and indirect influence 

hypothesis test show that the creative dimensions of 

the principal’s entrepreneurship competence on 

teacher performance are proven to be accepted. The 

direct effect is evidenced by a critical value of 

2,919 > 1.960 with a significance of 0.004 < 0.05 and 

a coefficient of 0.132. This can be interpreted that the 

number 0.132 means that if the creative dimension of 

the principal’s entrepreneurship competence (X2) 

increases by 1 unit, the application is in the form of 

work involvement activities, more curiosity, enjoying 

the work being undertaken, having factual knowledge 

related to facts, principles, opinions about various 

problems in carrying out tasks to solve problems, 

having technical skills in solving problems, presenting 

new ideas, having a diligent work style in dealing 

with difficulties, having confidence in the individual it 

will cause the contribution to teacher performance (Z) 

to increase by 0.132 times. It can also be interpreted 

that the higher the creative dimension of the 

principal’s entrepreneurship competence, the better 

the teacher's performance. 

The results of this study are in line with research 

by [26] that the creative involvement of leaders is 

positively related to the creative performance of 

employees. Therefore, if you want to improve teacher 

performance, the steps that can be taken by policy 

makers is how to optimize the creativity of the 

principal. The results of the indirect effect hypothesis 

test show that the creative dimensions of the 

principal’s entrepreneurship competence on teacher 

performance are proven to be accepted. In this study, 

which serves as an intermediate variable is the 

teacher's motivation. This indicates that the higher the 

teacher's motivation which is influenced by the 

creative dimensions of the principal’s 

entrepreneurship competence, the better the teacher's 

performance. The high creative dimension of the 

principal is followed by the high motivation of 

teachers in determining teacher performance. This 

shows that the existence of the motivational mediating 

variable has a significant influence in mediating the 

latent variable of the creative dimension of the 

principal with the latent variable of teacher 

performance. 

Based on the results of the study, it is known that 

the fourth hypothesis in this study is that there is a 

direct positive influence on the creative dimensions of 

the principal’s entrepreneurship competence on 

teacher motivation Soppeng District Vocational 

School was accepted by the results of empirical 
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research. The results of this study are in line with 

research findings by [44] that the benefits felt by 

employees, the recognition, empowerment and work 

environment increase the level of employee 

motivation. The concept of job involvement reflects 

the extent to which an individual is actively involved 

with his job duties [45] . Working beyond 

expectations to complete a given task is very 

important for people with high job involvement [46] 

because they perceive performance as necessary to 

protect their self-esteem [7] . 

The results of the research on the commitment 

variable have a direct and indirect positive effect on 

teacher performance. The results of this study 

reinforce previous studies conducted by [30], [32], 

[33], [47], [48] which showed there was a significant 

influence and contribution of commitment to 

performance. Research by [49] organizational 

commitment and job satisfaction affect employee 

performance. Research by [11] management support 

leadership, leadership commitment has an effect on 

employee performance. Leadership commitment 

affects individual performance [12] . 

The results of the study found that there was a 

direct positive influence on the dimensions of the 

principal’s entrepreneurship competence commitment 

to teacher motivation. The results of this study 

reinforce previous research conducted by [50]–[52] 

that organizational commitment has a strong positive 

contribution or influence on work motivation. 

Principals who have a high commitment affect the 

motivation of teachers to keep working hard because 

they see the principal has a strong feeling of 

togetherness towards fellow school members. 

The risk-taking variable has a direct and indirect 

effect on teacher performance. The results of this 

study support the results of research [53] that there is 

a positive influence of risk-taking behavior on 

company performance. The results of this study also 

support the research findings [54] that the courage to 

take risks positively and significantly influences 

entrepreneurial behavior. Research by [55] the 

combination of an entrepreneurial spirit that can 

improve company performance is the courage to take 

risks proactively, the character of openness to 

opportunities proactively. 

Associated with the indirect effect of the variable 

daring to take risks on performance through 

motivation is proven to be accepted by empirical 

results. The results of this study are in line with 

research [44] that employee performance is influenced 

by employee motivation and that motivation is 

influenced by empowerment factors carried out by 

leaders in decision making. One of the characteristics 

of daring to take risks is having the courage to make 

decisions. In the context of the school, the principal in 

making decisions should involve all stakeholders 

including teachers, education staff, students, school 

committees, business and industry so that the school's 

goals in achieving the school's vision and mission can 

be realized. 

Motivational factors relate to why people do 

something they have to do [56] . Thus, the principal 

should understand the motivation of teachers and one 

of the theories of motivation, namely the theory of 

goal setting. The essence of goal setting is to facilitate 

success. The principal therefore ensures that the 

conditions surrounding the goals do not frustrate or 

hinder teachers from achieving their goals. 

The variable of team building has a direct and 

indirect effect on teacher performance. In this study 

the indicators of team building were selecting people 

according to skills, selecting people according to 

personality, showing active personal involvement, 

showing interest in group members, sharing 

information with group members, showing honesty, 

creating clarity of purpose and giving rewards to the 

group. 

The results of this study reinforce previous 

research conducted by [57] that there is a strong and 

significant relationship between teamwork, climate of 

trust, leadership and structure, performance evaluation 

and performance rewards. The results of this study 

also support research conducted by [58] that there is a 

positive and significant effect of work teams on 

employee performance. The main reason behind this 

is that increased collaboration tends to increase the 

number of ideas and this increases the effectiveness in 

the tasks assigned to them. Another finding in the 

study was that teamwork could reduce rudeness and 

intimidation because team members were more 

focused on completing tasks. Related to the results of 

this study, in relation to efforts to improve teacher 

performance in schools, it is certainly expected that 

the role of the principal in encouraging group 

cohesiveness is expected. For this purpose, the 

principal can do so through the creation of clarity of 

purpose and awarding the group. The indirect effect of 

the dimensions of building a school principal’s 

entrepreneurship competence team on teacher 

performance through motivation is in line with the 

findings [44] that reward and individual 

empowerment affect employee motivation which in 

turn contributes to employee performance. In 

connection with efforts to maximize teacher 

performance with motivation as a mediating variable, 

the principal needs to pay attention to the teacher's 

motivation. Related to this, [59] said that motivation 

is about developing your human resources. The 

challIndicatore lies not in the work itself, but in you, 

the person who creates and manages the work 

environment. How a school principal can encourage, 

mobilize, develop and empower existing resources, 

especially human resources so that they can work 

together to achieve common goals. This is where the 

dimensions of building a school principal’s 

entrepreneurship competence team are important. 

One of the motivational theories is the goal 

setting theory from Locke & Latham (2013). They 
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think that goal setting theory is a motivational theory 

that explains what causes some people to do better 

jobs than others. The goal itself is the main source of 

one's motivation [18] . The results showed that 

motivation had an effect on teacher performance. The 

results of this study are in line with research [60]–[63] 

that motivation has a positive effect on performance. 
Thus, one of the determinants of a person's 

performance is the level of motivation. Based on the 

respondent's perception that the level of teacher 

motivation in the Soppeng Regency Vocational 

School is very good category with an average of 4.22. 

This can be interpreted that the level of motivation of 

SMK Soppeng Regency teachers is very high. The 

dimension with the highest value according to the 

respondent's perception is goal content with indicators 

of the level of clarity of goals and the level of 

difficulty to be achieved. The average value of these 

dimensions is 4.30 in the very good category. 

Therefore, it is necessary for the principal to maintain 

this so that the goals set by the school are always 

clearly understood by the teacher. Work with clear 

goals, clear directions even though it is difficult, the 

teacher will maximize his efforts to achieve these 

goals. 

 

5. Conclusion 
1. The innovative dimensions of the principal’s 

entrepreneurship competence have a direct and 

indirect effect on the performance of the Soppeng 

Regency Vocational High School teachers. 

2. The innovative dimension of the principal’s 

entrepreneurship competence has a direct effect 

on the motivation of the Soppeng Regency SMK 

teachers. 

3. The creative dimension of the principal’s 

entrepreneurship competence has a direct and 

indirect effect on the performance of the Soppeng 

Regency SMK teachers. 

4. The creative dimension of the principal’s 

entrepreneurship competence has a direct effect 

on the motivation of the Soppeng Regency SMK 

teachers. 

5. The dimensions of the principal’s 

entrepreneurship competence commitment have a 

direct and indirect effect on the performance of 

the Soppeng Regency SMK teachers. 

6. The dimensions of the principal’s 

entrepreneurship competence commitment have a 

direct effect on the motivation of the Soppeng 

Regency SMK teachers. 

7. The dimension of daring to take the risk of the 

principal’s entrepreneurship competence has a 

direct and indirect effect on the performance of 

the Soppeng Regency Vocational High School 

teachers. 

8. The dimension of daring to take the risk of the 

principal’s entrepreneurship competence has a 

direct effect on the motivation of the Soppeng 

Regency Vocational School teachers. 

9. The dimensions of building a principal’s 

entrepreneurship competence team have a direct 

and indirect effect on the performance of 

Soppeng Regency Vocational School teachers. 

10. The dimensions of building a school principal’s 

entrepreneurship competence team have a direct 

effect on the motivation of Soppeng Regency 

SMK teachers. 

11. Teacher motivation has a direct effect on the 

performance of Soppeng Regency Vocational 

High School teachers. 

12. There is a simultaneous influence of the 

dimensions of innovative, creative, commitment, 

risk-taking and building a team of principals' 

entrepreneurial competence on teacher 

motivation. 

13. There is a simultaneous influence of the 

innovative, creative, commitment, risk-taking, 

team building and teacher motivation dimensions 

on the performance of the Soppeng Regency 

Vocational High School teachers. 
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ABSTRACT 

Cyanide is toxic to all living beings . In Burkina Faso, large quantities of cyanide are discharged after the 

gold recovery process resulting in water pollution in some gold-bearing areas. The aim of this study is to 

find local, available materials capable of effectively removing cyanide from mining water or effluents. For 

this purpose, two clays are collected in Koro and Kaya to serve as adsorbents. Experiments were carried 

out with synthetic cyanide solutions prepared from dissolving sodium cyanide in distilled water. The effects 

of operating parameters such as contact time, initial cyanide concentration, temperature, adsorbent weight 

and initial pH of solution have been investigated under various conditions. Experimental results showed 

that equilibrium is achieved after 6 hours of contact using Koro clay and 2 hours for Kaya clay. The 

performance of both clays decreased by 75 to 55% between pH 6.7 and 11.5. The adsorption capacity 

increases from 2.01 mg/g to 32.42 mg (CN-)/g between 8 and 233 mg/L of initial cyanide concentration. 

However, it remains relatively constant between 20 and 40 °C. 

Keywords: Raw Clays; Burkina Faso; Cyanide    

1. INTRODUCTION  

Cyanides are ubiquitous compounds present 

in the environment in various forms; free cyanide 

(HCN; CN-), wad cyanide and total cyanide [1]. 

Cyanide is not typically present in natural waters 

though cyanide is produced naturally in the 
environment by various bacteria, algae, fungi and 

numerous species of plants. Its presence in water 

normally indicates industrial contamination. 

While industrial sources do pre-treat, cyanide 

may still be found in effluent. Cyanide may be 

present in free form, or part of strong or weak 

complexes with other species [2] Several modern 

industrial processes produce cyanide containing 

wastes, including metal plating, case hardening 

of steel, and refining of gold and silver ores [3].  

In Burkina Faso, large quantities of cyanide 
are released into the wild after gold recovery 

processes resulting in water pollution in some 

gold-bearing areas. At the Zougnazagmiline site, 

total cyanide concentrations ranging from 0 to 65 

mg. L-1 and from 3 to 1.06 x 103 mg. L-1 are 

respectively found in surface and groundwater 

[4]. Cyanide is toxic to all living things [5, 6]. 

The pathways of entry of cyanide into the body 

are most often; inhalation, skin contact and, 

orally, through contaminated drinking water and 

food. Free cyanide has high acute toxicity due to 
its ability to bin heme iron in the oxygen binding 

site of the mitochondrial enzyme, cytochrome 

oxidase, animal cells, thereby blocking oxidative 

energy metabolism. The lethal dose for hydrogen 

cyanide is 100 mg kg–1 by skin contact and 0.5-

1.0 mg/L orally [7; 8].  

Wastewater that contains even trace amounts 

of cyanide must be treated before discharge into 

environment. Cyanide wastewater treatment is 

critical, because cyanide wastes are toxic to 

living organisms. Cyanide treatment processes 

are classified according to two processes: 
destructive processes based on the conversion of 

cyanide into other less toxic compounds. They 

include catalytic, electrolytic, chemical, 

photolytic and biological treatments. The 

recovery processes consist of concentrating and 

recovering the cyanide molecules without 

denaturing them. They include physical methods 

(filtration, complexation) and adsorption on an 

adsorbent which is the most used method because 

of its efficiency, simplicity of application and 

variability of adsorbents [9 ;10]. Cyanide and 

cyanide–metal complexes are adsorbed on 
organic and inorganic constituents such as oxides 

of aluminum, iron and manganese, certain types 

of clays, feldspars and organic carbon [11]. The 

objective of this work is to evaluate the 

performance of two local clays on the treatment 

of cyanide water by adsorption in static mode. 
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2.  MATERIALS AND METHODS 

2.1. Materials 

Analytical grade sodium cyanide is used for 

the preparation of different solutions with 

distilled water. A solution of 1M NaOH and 
0.1M H2SO4 are used to adjust the pH. The 

concentration of effluents and influents are 

evaluated by a colorimetric method. The standard 

cyanide solution (1000 mg/L) is used for the 

preparation of calibration standards. 

2.2.  Methods 

2.2.1. Adsorbent  

The clay is taken from the open pit quarry of 

the Koro clay site, with geographical coordinates 

11.15° north latitude and 04.18° west longitude, 

located 15 km from Bobo Dioulasso in the Hauts-
Bassins region. Kaya clay is taken from 

Roumbila, from coordinates 13.07887° N; 000, 

7842° W located 36 km from Kaya capital of the 

North Central Region. The clays are taken at least 

30 cm from the surface to avoid surface 

contamination.  The collected clays are washed 

with distilled water to remove waste, then dried 

at 105 ° C for 24 hours. They are then crushed 

and immersed in distilled water for wet sieving 

to collect the finest fractions. The fine fractions 

obtained in pasty forms are dried at 105 ° C for 

24 hours and then crushed and sieved 
mechanically with sieves of 150; 100; 90; 80 and 

63μm  

2.2.2. Batch adsorption  

The adsorption tests are carried out according 

to the model written in [12], it consists of 

introducing 50 ml of synthetic or real solutions 

into 250 ml Erlenmeyer containing a known mass 

of clay, then stirring for a certain time. After 

stirring the mixture is centrifuged at 300 rpm for 

30 minutes and filtered using Wattman 0.45μm 

filter to evaluate the residual free cyanide 
content. Adsorption experiments are studied at 

300 rpm. The amount of cyanide retained by the 

material is calculated using the formula (1) 

𝑄𝑒    = 
(𝐶0−𝐶𝑒)∗𝑉

𝑊
        (1) 

Where Qe is the adsorption capacity to the 

equivalent in mg/g; Co the initial concentration 

mg/L of CN-; Ce concentration at the equivalent 

mg/L; W is the mass of the adsorbent in g.  

The cyanide removal rate is calculated using 

the formula. The cyanide removal rate is 

calculated using the formula (2) 

R% =
𝐶0−𝐶𝑒

𝐶0
∗ 100 (2) 

2.2.3. Effect of the initial pH of the solution 

Cyanide is a weak acid whose pKa is 9.2 to 

25 ° C.   The forms of cyanides present in the 

water are a function of the pH of the solution. To 

assess the impact of the pH of the solution on the 

adsorption of cyanide by clays, the pH was varied 

from 6.7 to 11.5 on a concentration of 50 mg / L 

under stirring at 25 ° C for 1H. 

2.2.4. Effect of initial cyanide concentration  

To assess the impact of the initial 

concentration, solutions from 8 mg/L to 233 mg/l 
of CN- are prepared and tested on 0.2g of each 

clay in 50 ml of solution for 3H at initial pH 

11.02 

2.2.5. Optimization of adsorbents mass  

The mass concentration of the adsorbent 

plays an important role in the effectiveness of 

adsorption treatment. It makes it possible to 

optimize the dose of the adsorbent while 

avoiding genes between adsorbent when a more 

than necessary amount is used. The evaluation of 

the optimum dose consists in varying the mass 
concentration from 4 to 30 g / L at pH 11; shake 

for 3 hours at 25 ° C for an initial concentration 

of 65 mg / L. 

2.2.6. Impact of temperature 

At 25 ° C and pH 9.2, 50% of the free cyanide 

present in water is in the form of hydrocyanic 

acid (HCN), a compound very soluble in water 

and easily volatile. The volatility of cyanide 

depends on the pH of the solution, the surface in 

contact with air and the temperature. To evaluate 

the impact of temperature on clay performance 
on cyanide removal, a temperature scan was 

made over a range of 20 to 40 ° C maintaining; 

concentration, mass of the adsorbent, the volume 

of the sample constant.  
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Figure 1. Distribution of HCN and CN- in aqueous solution [13] 

2.2.7. Effect of particle size 

Clays are inorganic materials with particle 

sizes of less than 2 μm. The fractions of 2 μm are 

collected by wet sieving, then dried at 105 ° C for 

24 hours. The dry clays are crushed again and 
mechanically sieved on sieves of radius 150; 100; 

90; 80 and 63 micrometers. Adsorption tests are 

performed on grain fractions 150 - 100 μm; 100 

- 90 μm; 90 - 80 μm; 80 - 63 μm and 0 – 63 μm. 

The experiments are carried out at a constant 

temperature of 25 ° C, at initial concentration 90 

mg/L, mass concentration of clay 6 g/ L, stirring 

at 300 rpm for 2H.  

2.2.8. Study of contact time 

The contact time was evaluated at 25°C at pH 

11 on 50 mg/L solutions. Analyses are carried out 

at different times spread over 24 hours   

2.2.9. Cyanide analysis 

The residual cyanide is analyzed by 
colorometry according to the written protocol in 

[14]. A solution of Chloramine-T at 10 g / L 

reacts at pH less than 8 by releasing cyanogen 

chloride. Cyanogen chloride reacts with 1,3-

dimethylbarbituric acid in the presence of 4-

pyridinecarboxylic acid giving a red complex 

that turns blue after 20 minutes. 

 

 

Figure 2. Stage of reaction and formation of the blue complex 
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3. RESULTS AND DISCUSSION 

3.1. Cyanide analysis 

The results are in agreement with the results 

obtained in [14], the characteristic wavelength is 

605 nm, the optimum reading time is 20 mn +- 5 
mn. The value of the correlation coefficient very 

close to 1 shows a very good alignment of the 

points according to the concentrations and thus 

guarantees a good result in the calibration range   

  

 

Fig. 3. (a) optimum time of lecture; (b) calibrate 

curve of 0 – 200 mg/L or CN- 

3.2. Impact of clay grain size 

Figure 4. (a) showed a decreasing adsorption 

capacity with increasing grain sizes showing that 

adsorption is favorable when the specific area is 

large. Kaya clay in Figure 4. (b) shows high 

absorption for grains between 80 and 100 μm this 

shows on the one hand that adsorption is not only 

related to the surface phenomenon, it can be 

favored by the phenomena of complexation 

precipitation and on the other hand this could be 

explained by a non-homogeneous elementary 

distribution of natural clays according to particle 

size.   

 

 

Figure 4. Adsorption as a function of particle 

size a) Koro clay; b) Kaya clay 

3.3. Adsorbent dose 

The cyanide removal capacity per gram of 
clay decreases as the mass concentration of clays 

increases. However, the effectiveness of the 

treatment increases when the mass increases to 

86% at 20 g/L for Koro clay and 78% at 15g/L 

for Kaya. 
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Figure 5.  Evaluation of adsorption capacity and cyanide removal rate as a function of clay dose 

3.4. Effect of cyanide concentration 

Figure 6. shows that the adsorption capacity 

of koro clay increases from 2.01 mg/g to 32.82 

mg/g when the concentration increases from 8.1 

mg/L to 233 mg/L. The increase in adsorption 

capacity with concentration would be due to a 

decrease in the repulsions of cyanide species on 

the surface of the clay favoring their 

accumulations on sites. Between 186.8 mg/L and 
233.4 mg/L of initial cyanide, the adsorption 

capacity is close to constant 32.4 mg/g to 32.8 

mg/g showing that beyond 186 mg/L of initial 

cyanide, koro clay is no longer effective for 

treatment. 

 

  

 

Figure 6.  Evaluation of adsorption capacity 
and cyanide removal rate as a 

function initial cyanide 

concentration a. Koro clay; b. Kaya 

clay 

3.5. Effect of pH on cyanide removal 

Figure 7 shows that the two clays have the 

same behavior according to the pH of the 

solution. The adsorption capacity decreases from 

9.65 mg/g to 6.98 mg/g for Koro clay and 8.5 

mg/g to 4.7 mg/g for kaya clay, when the pH 

increases from 6.7 to 11.5. For pH values below 

9.2, HCN is the most dominant species and the 
clay surface is generally positive. The presence 

of the free nitrogen doublet could promote its 

fixation on the positive clay sites. Free cyanide is 

volatile at low pH and may contribute to the 

increase in cyanide removed.  Cyanide ions (CN-

) could bind to the surface of agiles by 

electrostatic phenomena. When the pH becomes 

greater than 9, the cyanide ions are the most 

dominant and the surface of the negative clays, 

there would be electrostatic repulsions of the CN- 

ions on the surface of the clays resulting in a 

decrease in the amounts of cyanide removed. 
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Figure 7. Removal of cyanide according to initial pH by Koro and Kaya clays 

3.6. Temperature effect on cyanide removal 

by clay 

The increase in temperature leads to an 

increase in the amount of cyanide removed from 

the first moments. It becomes the same after 2 

hours. The maximum amounts removed are 

invariable, which is an advantage because the 

cyanide would not be volatilized. 

           

Figure 8. Removal of cyanide as a function of temperature a. Koro clay b. Kaya clay 

3.7. Contact time 

The results show that the adsorption of 

cyanide on clays is alternated. After adsorption 

there is desorption and then adsorption again. 

This shows that the established bonds or the 

complexes formed are not stable. The maximum 

amount eliminated observed during several 

analysis sequences is 2H for Kaya and 6H for 

Koro 
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Figure 9. Removal of cyanide over time by Koro and Kaya clays 

4. CONCLUSION 

The evaluation of the performance of the 

clays gives encouraging results, Koro clay has 

the best performance with adsorption capacity 

evaluated 32.8 mg / g. kaya clay has a capacity 

of 31.5 mg / L. The contact time required is 2 
hours for Kaya and 6 hours for koro. The 

performance of clays in could be improved by 

iron and copper doping. 
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ABSTRACT 

The objective of this work is to contribute to the treatment of arsenic-contaminated water in order to reduce 

the adverse effects of arsenic on rural populations. Ferrihydrite was prepared by co-precipitation of an iron 

nitrate solution with a sodium hydroxide solution for use as an adsorbent. Batch experiments were carried 

out with synthetic arsenic (V) or (III) solutions to evaluate the adsorption capacity of ferrihydrite. The 

experimental results showed a strong influence of the operating parameters on the arsenic adsorption 

capacity of the powdered material. Indeed, a higher removal efficiency of arsenic (V) and (III) was observed 

at pH values below 11.52 with a removal rate of 99.98% and 98.58% respectively. Isothermal modelling 

showed that the removal of arsenic (III and V) occurred by a physicochemical adsorption mechanism with 

a maximum adsorption capacity of 12.31 mg/g and 11.36 mg/g respectively. 

Key words: adsorption; arsenic; ferrihydrite; removal 

 

1. INTRODUCTION 

Arsenic compounds are distributed in 

different forms in nature. They are known in the 

literature to be highly toxic to living organisms. 
Indeed, natural and anthropogenic sources are the 

causes of the presence of arsenic in the 

environment, the predominant one being human 

activity [1,2]. In addition to its role as a life-

sustaining trace element, exposure to arsenic 

through the daily consumption of arsenic-

containing water by the population is responsible 

for numerous diseases (cancers, respiratory 

problems, etc.) throughout the world [2,3,4].  

The immobilisation and elimination of 

arsenic in water is becoming a global research 
necessity. In this dynamic to reduce the harmful 

impact of arsenic compounds, arsenic treatment 

techniques such as filtration, coagulation-

precipitation, reverse osmosis, electrodialysis, 

adsorption, and coupled techniques have been 

developed [5]. Of these techniques, adsorption 

on an adsorbent has been extensively studied in 

recent years in the literature [5,6]. It has been 

found that the adsorbent must be efficient, 

selective, resistant to the pH of the medium and 

have a high specific surface area to accumulate 

arsenic [5,6,7].  

Activated carbons, clays, laterites and metal 

oxyhydroxides (Fe, Al, Mn, Ti ...) have been 

studied as adsorbents for the removal of arsenic 

(III and V) [5, 6, 7, 8]. According to the literature, 

adsorbents based on iron oxides and hydroxides 

have been effective for the removal of arsenic 

forms due to the amphoteric character of these 

oxides [5,7]. The adsorption of arsenic on 
ferrihydrite (iron oxyhydroxide) surfaces has 

been widely studied. It has been found that 

ferrihydrite is highly reactive with forms of 

arsenic forming a complex inner sphere of the 

surface over a wide range of pH [9, 10]. 

However, the widely used adsorption and co-

precipitation techniques of arsenic (III and V) 

doped ferrihydrite in situ encounter difficulties 

with the stability of ferrihydrite in acidic and 

basic media resulting in leaching of adsorbed 

arsenic and formation of colloidal particles 

[5,10,11].  

In addition to its poor regeneration after use, 

its use in continuous mode as a column filter is 

confronted with the problem of clogging.  In 

order to effectively use ferrihydrite for water 

treatment, a process for the production of 

hydrated granular ferrihydrite was developed. 

Indeed, the granular form is more stable and 

adapted to batch or continuous mode allowing a 

fast and reproducible adsorption kinetics. The 
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objective of this work is to contribute to the 

treatment of arsenic-contaminated water in order 

to reduce the harmful effects of arsenic on rural 

populations. The aim is to prepare and evaluate 

the capacity of granular ferrihydrite to remove 

arsenic (III and V) from synthetic water in batch 

mode by varying the physico-chemical 

parameters. 

2. MATERIALS AND METHODS 

2.1 Preparation of ferrihydrite  

Techniques such as biological, physical and 

chemical methods have been studied for the 

preparation of ferrihydrite nanoparticles [5, 10, 

11].  The parameters influencing the preparation 

are the size, shape, crystallinity, ageing and 

surface properties of the particles. Among these 
techniques, the chemical route, in particular the 

co-precipitation method, is the simplest, most 

efficient and fastest due to the use of simple 

equipment [11, 12].  The preparation of 

ferrihydrite was realized according to the method 

available in the literature [5, 11-13].  The solid 

ferrihydrite was pulverized to an absorption 

mesh size of less than 75 µm for the various 

experiments.   

2.2 Physical characterization of ferrihydrite  

The dry ferrihydrite grains were pulverized with 

a ball mill to a fine particle size of less than 75 
µm adsorption mesh. The characterization was 

carried out including density, moisture content 

and pH at the zero charge point.  

 Bulk density 

The density (d) of an adsorbent is one of the 

fundamental physical parameters that allows the 

determination of a material from literature results 

[14]. The value of ferrihydrite density was 

determined according to the method used earlier 

[15]. The density has been calculated according 

to the following formula: 

𝑑 =
(𝑚3−𝑚1)

(𝑚2−𝑚3)+( 𝑚1−𝑚4)
              (1) 

 Moisture content 

Moisture content (MC) is a unitless quantity that 

determines the amount of water in a material. It 

negatively affects the efficiency of the material 

to adsorb pollutants when it is wet [15]. The 
moisture content (MC) was calculated according 

to the following expression: 

 𝑀𝐶 =
(𝑚0−𝑚1)

𝑚0
× 100                (2) 

 pH at zero charge point 

Knowledge of the pH at zero charge point (pHpzc) 

of an adsorbent such as ferrihydrite is necessary 

for adsorption applications. The pHPZC is very 

important in adsorption phenomena, especially 

when electrostatic forces are involved in the 

mechanisms [5, 15]. The pHPZC of ferrihydrite 

was determined according to the method of 

Kumar et al. [16] and modified in our study.  

2.3 Preparation of test solutions 

The 1000 mg/L As (III and V) stock solution was 
prepared according to the standard APHA 

methods [17] by dissolving a sodium arsenite salt 

(NaAsO2, Flucka) and (Na2HAsO4⋅7H2O, 

Merck) respectively in ultrapure distilled water 

stored at 12°C in a refrigerator. Reagents such as 

NaOH (Ajax), NaCl (Merck) and 69% HN03 

(Sigma-Aldrich) all analytical grade (AR) were 

used. Adsorption daughter concentrations were 

prepared from 1000ppm stock standards. The pH 

of the solutions was adjusted to between 7 and 8 
with a branded portable pH-meter (HANNA, 

waterproof HI98318).  

2.4 Arsenic removal experiments 

Batch adsorption was used to realize arsenic 

removal experiments in order to achieve the 

optimum equilibrium parameters. To avoid 

sintering of ferrihydrite particles which could 

complicate the reproduction and interpretation of 

the data, a Matlab mechanical rotary shaker of 40 

tube stations 25 mm × 2000 mm Pyrex was used 

for the different mixtures for 24 hours at room 

temperature 25 ± 5°C. After each experiment, 
filtrates were separated, filtered through 0.45 µm 

Wattman paper and the residual arsenic was 

analyzed with a Microwave Plasma Atomic 

Emission Spectrometer (MP-AES Agilent 4200).  

 Effect of pH 

The effect of the pH of the medium was studied 

in order to find the optimal pH zone for the 

continuation of the treatment. Beyond the 

physico-chemical parameters of the ferrihydrite 

surface, the pH of the medium greatly regulates 

the adsorption activity of a pollutant. The pH of 
arsenic solutions (V and III) of a concentration 

equal to 5 mg/L of an adsorbent dose of 10g/L of 

ferrihydrite particles was put into a dozen Pyrex 

test tubes. The pH of the mixtures was adjusted 

in the range of 2 to 12 using nitric acid HNO3 (0.5 

M) and NaOH (0.5 M) solutions. 

 Study of Isotherms models 

The performance of ferrihydrite was evaluated 

by studying the adsorption equilibrium of arsenic 

(III and V) with an adsorbent dose of 10 g/L in a 

concentration range between 2 mg/L and 18 
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mg/L for 24 hours at room temperature. Obtained 

data were used to apply the models of Langmuir, 

Freudlich and Dubinin-Raduskevich (D-R). 

Initial (Ci) and equilibrium (Ce) arsenic 

concentrations were recorded for the calculation 

of the percentage arsenic adsorption (%As) and 

the adsorption capacity (Qe) according to the 

following equations: 

 %𝐴𝑠 =
𝐶𝑖−𝐶𝑒

𝐶𝑖
× 100                  (3)    

   𝑄𝑒 =
(𝐶𝑖−𝐶𝑒))∗𝑉

𝑚
                        (4)  

With Ci (mg/L): initial concentration of arsenic,  

Ce(mg/L): equilibrium concentration of arsenic,  

V(L): volume of the solution,  

m(g): mass of ferrihydrite  

Qe(mg/g): adsorption capacity of ferrihydrite per 

unit mass. 

 

3. RESULTS AND DISCUSSION 

3.1 Physical characteristics of ferrihydrite  

The prepared ferrihydrite paste had a chocolate 

reddish brown colour like that obtained in 

literature [5,11, 12 13]. After the physical 

preparation of the paste, the ferrihydrite that was 

used had a redish brown color. The paste and 

powder used as adsorbents are shown in Figure 

1. 

 

 

 

 

 

 

 

 

Figure 1: Images of the prepared ferrihydrite  

 

The physical characteristics of ferrihydrite 

are listed in Table 1 where we notice that 

ferrihydrite has a basic pHPZC and a relatively 

high density compared to materials like laterite, 

activated carbon and other adsorbents [15]. This 

indicates that the powder would be a well 

hydroxylated adsorbent on its surface and could 

adsorb arsenate and arsenite anions over the pH 

range. The density of the ferrihydrite would be an 

advantage for stability and filtration. The 

moisture content of 69.43% indicates the 

chocolate paste of ferrihydrite was well hydrated 

and could hinder the adsorption capacity [18].   

Table 1: values of physical parameters of ferrihydrite 

   Ferrihydrite                                                                        Characteristics 

 

                                                                   TH(%)                             d                           pHPZC 

    Value                                                 69.43                            4.07                         9.49 

 

3.2. Influence of operating parameters on 

arsenic removal percentage 

3.2.1. Effect of initial pH  

The effect of pH on the adsorption of arsenic 

species was evaluated between pH 2 and 12. 

Figure 2 shows that the adsorption of arsenic (III) 

was best at pH between 2 and 11 and gradually 

decreases beyond pH ≥ 11. The fixation of 

arsenic (III) on ferrihydrite grain surfaces in the 

pH range between 2 and 11 could be explained 

by a physical adsorption mechanism. 

 

 

 

Indeed, the ferrihydrite surface being positive 

in this pH range (pHpzc= 9.67), the stable neutral 

form of arsenite (H3AsO3) would be eliminated 

by van der waals attraction forces due to a ligand 

exchange mechanism [15,19,20]. Sanjoy et al 

(2012) [21] advocated a two-phase removal 

mechanism of the neutral form on a natural rock 

              Brown red wet ferrihydrite 

 
Powdered ferrihydrite in brown red 

color 
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covered with iron oxide: the first phase consists 

of an oxidation of the neutral form of arsenic (III) 

to the ionic form of arsenic (V) by the oxidising 

power of water (O2/H2O).  

                 

Figure 2: The effect of initial pH as a function of 

removal percentage 

3.2.2 Isotherm modelling 

The behaviour of arsenic on ferrihydrite as a 

function of initial concentration has been adapted 

to the equilibrium isotherm models of 

Freundlich, Langmuir and Dubinin-

Rasdushkevich (D-R). The equilibrium isotherm 

is described by a characteristic adsorption 

isotherm with constants for the surface and 

affinity properties of the pollutant [15, 25, 26]. 

 Langmuir and Freundlich isotherms 

These isotherms are known for their evaluations 

of the maximum adsorption capacity in 
monolayers and multilayers [14]. The linearised 

form of the Langmuir and Freundlich isotherm 

model is given by the following relationships:  

𝐶𝑒

𝑄𝑒
=

1

𝑄𝑚
 (𝐶𝑒) +

1

𝐾𝐿𝑄𝑚
                                         (5)  

𝐿𝑛𝑄𝑒

= 𝑙𝑛𝐾𝑓 +
1

𝑛
 𝑙𝑛𝐶𝑒                                           (𝟔) 

With KL (L/mg): the adsorption constant which 

measures the affinity of the adsorbent for the 

solute,  

Qm (mg/g): the maximum adsorption capacity,  

Qe (mg/g): the equilibrium adsorption capacity  

Ce(mg/L): the equilibrium concentration.  

Thermodynamic quantities such as the Gibbs free 

energy change (∆G0) and the equilibrium 

parameter RL  

have been evaluated to better understand the 

arsenic (III and V) removal process on the 

ferrihydrite surface with the Langmuir isotherm 

[15, 27, 28].   

∆𝐺0 =  −𝑅𝑇 𝑙𝑛𝐾𝐿                                             (7)  

 With R (8.3145 J/mol.K): the perfect gas 

constant, T(K): the absolute temperature 

 𝑅𝐿 =
1

1+𝐾𝐿𝐶𝑂
                        (8)  

The value of RL indicates the type of isotherm, 

i.e. unfavourable for RL>1, linear for RL = 1 and 

favourable for                    0< RL<1 with CO 

(mg/L): initial arsenic concentration. The values 

of the maximum adsorption capacity (Qm), 

affinity constant (KL), Gibbs free energy (of 

∆𝐺O) and the equilibrium parameter of the 

Freundlich isotherm are given in Table 2. 

 

 

Figure 3: Modelling of Langmuir and 

Freundlich isotherms of arsenic (III V) 

adsorption on ferrihydrite  
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Table 2. Constants of Langmuir and Freundlich 

                                                              Langmuir model                                                            Freundlich model                 

                                                                                                                                                                                                                      

                              Qm              KL               R2                                         RL           ∆𝐺O                                               Kf           n             R2 

                            (mg/g)      (L/mg)                                                         (kJ/mol)                       (mg/g)                                  

As (III)         

                               12.01     1.73            0.97                           0,1        -1 .244                         12.31     27.78     0.97                               

As (V) 
                              11.36      3.28            0.99                           0,1         -2.700                         10.96    38.46      0.99                                

 

High values of the correlation coefficients 

(R2) for both models tend towards 1. The 
interpretation of the experimental results of 

arsenic (III and V) adsorption on the ferrihydrite 

surface fits well with the Langmuir-Freundlich 

isotherm following a monolayer removal process 

and an interaction between the adsorbed arsenic 

molecules in a multilayer.  The values of the 

adsorption intensities n (n>>1) indicate that the 

ferrihydrite surface is not homogeneous. The 

ferrihydrite surface would be responsible for the 

creation of new active sites during the arsenic (III 

and V) removal process. The values of the 

thermodynamic quantities of the equilibrium 

parameter (RL) and the Gibbs free energy (∆𝐺°) 

suggest a favourable spontaneous adsorption 

process on the ferrihydrite surface [12, 15, 29]. 

However, Langmuir and Freundlich isotherms do 

not indicate the adsorption mechanism of arsenic 

(III and V) on ferrihydrite surfaces 

 Dubinin Rasdushkevich (D-R) model 

 It is generally used to elucidate the adsorption 

mechanism (physical or chemical) of pollutants 

in a process. The D-R isotherm model is also an 

empirical adsorption model that is generally 
applied to express the adsorption mechanism 

with Gaussian energy distribution on 

homogeneous surfaces [88-89].  The linear form 

of the equation is as follows:  

 𝐿𝑛𝑄𝑒 = 𝑙𝑛𝑄𝑚 − 𝑘𝜀2                          (𝟗) ;   

 𝜀 =  𝑅𝑇𝑙𝑛[ 1 + (
1

𝐶𝑒
)]                       (10) ; 

 𝐸 = √(
1

2𝑘
)                                            (11)  

This energy makes it possible to determine 

the physical or chemical nature of the adsorption 

and the type of spherical complexes on the 

surface. According to Han et al [81], if E < 8 

kJ/mol, it is a physisorption. If E is between 8 and 

16 kJ/mol, it is an ion exchange and if E > 16 
kJ/mol, it is a chemisorption. The values of Qm, 

k and E were calculated from the regression lines 

of the D-R isotherm (Figures 4) and are given in 

Table 3. 

 

  

 

 

 

 

 

 

 

 

Figure 4. Modelling of DR isotherm for the adsorption of arsenic (III V) onto ferrihydrite 
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Table 3.  Values of constants of D-R isotherm 

                                                                                   D-R   constants                  

                                                           Qm (mg/g)    k(mol2/KJ2)          E (KJ/mol)                      R2                                                      

                    As (III)                            6.72               0.87                   0.74                                0.83                               

                    As (V)                              9.07               0.14                    1.89                              0.81                               

 

The free energy of adsorption (E) values 

found are less than 8 kJ/mol. This suggests that 

the adsorption of arsenic (III and V) on the active 
sites of ferrihydrite would govern a physisorption 

mechanism. The mechanism involves an 

interaction between the iron hydroxyl phases of 

ferrihydrite and the different forms of arsenic (III 

and V) involving Van Der Waals bonds [13 15, 

30, 31]. Indeed, this result is in agreement with 

the Freundlich isotherm which advocates a 

multilayer arsenic (III and V) removal process on 

the ferrihydrite surface.  Thus, on the first layer 

level, the removal would be between the 

ferrihydrite surface and the arsenic compounds 

while on the other upper levels, the removal 
would be by arsenic-arsenic interactions [7,15, 

31].The low R2 correlation coefficients indicate 

that the D-R isotherm is not suitable to model the 

mechanism of arsenic (III and V) adsorption on 

the ferrihydrite surface.  It must be said that the 

D-R isotherm is only suitable for an intermediate 

range of adsorbate concentrations due to the 

unrealistic infinity of the regression line. 

4. CONCLUSION 

In this study, prepared ferrihydrite was used 

as an adsorbent for arsenic (III and V) removal in 
batch tests. The adsorption model followed the 

Langmuir and Freundlich isotherm models. From 

the adsorption free energy values E, it was 

concluded that the adsorption of arsenic (III and 

V) is a physisorption on the ferrihydrite surface. 

From the Gibbs free energy and the equilibrium 

parameter RL, it is concluded that the adsorption 

process is exothermic, spontaneous and 

favourable using ferrihydrite. 
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