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ABSTRACT 

The closed two-loop electrical circuit teaching module in schools is incomplete, the language is difficult to 

understand, the display is not attractive, and uses substitution-elimination with long stages. This study aims to 

improve the physics learning outcomes of high school students, as well as to determine the responses of teachers 

and students through a teaching module containing the matrix determinant method. This experimental research is 

in the form of a quantitative descriptive approach and a One Group Pretest-Posttest design. The research sample 

was 36 students of XII MIPA 4 and 3 physics teachers of SMAN 2 Jember. Data analysis used the N-Gain test 

(score) and response (percentage). The results showed that the implementation of the teaching module improved 

student learning outcomes with an N-Gain score of 0.82 in the high category. The teaching module received a 

positive response with a percentage of 93.06% from teachers and 88.39% from students in the very positive 

category. Thus, the implementation of the matrix determinant teaching module in a closed two-loop electrical 

circuit can improve the physics learning outcomes of high school students and receive a very positive response 

from physics teachers and students. 
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INTRODUCTION 

Physics learning is a scientific learning 

activity that emphasizes processes, scientific 

behavior, and work such as observing, 

formulating problems, making hypotheses, 

testing, concluding, and coming up with new 

things.[1]. Quality physics learning is 

characterized by the formation of Creative 

Thinking, Critical Thinking, Communication, 

and Collaboration skills in students [2]. 

Facilities, infrastructure, media, models, 

learning strategies, and quality teaching 

materials are factors that support the success of 

physics learning. Success through these 

components can improve students' physics 

learning outcomes [3]. 

Learning outcomes are changes in behavior 

and skills due to understanding after learning 

according to 3 assessments (cognitive, 

affective, and psychomotor)[4]. One of the 

factors causing low learning outcomes is that 

students do not understand the physics material 

that is explained and teachers do not use printed 

teaching materials optimally.[5], [6]. The low 

learning outcomes of the closed-loop electrical 

circuit material are also caused by 

misconceptions due to a lack of understanding 

of physics concepts [1]. To reduce the level of 

student errors in understanding the material, the 

printed teaching materials used should present 

complete and systematic material, as well as 

appropriate examples and practice questions, 

complete with effective and concise ways to 

answer questions on closed two-loop electrical 
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circuits.[7]. One example of printed teaching 

materials that have an influence on improving 

learning outcomes is teaching modules[8]. 

Teaching modules are materials that present 

complex material so that students can be more 

independent in achieving learning 

outcomes.[9]. Teaching modules generally 

consist of an introduction (learning 

information), content (materials and practice 

questions), and a conclusion (bibliography and 

author biodata).[10]. The general characteristics 

of teaching modules are forming attitudes, 

focusing on material, independent media, 

containing knowledge, and effective to use.[11]. 

Teaching modules play an important role in the 

learning process by helping teachers monitor 

student understanding.[12]. Printed teaching 

modules enable students to achieve learning 

objectives independently by encouraging 

independence and deepening understanding.[8]. 

Printed learning modules allow students to learn 

without time or space constraints, and adjust 

their style, learning speed, and preferred 

materials because they are easily accessible 

without an internet connection.[13]. Student 

learning outcomes increased with an n-gain 

result of 0.74 and high criteria through the 

teaching module.[11]. Therefore, teachers very 

often use printed teaching modules in physics 

learning.[14]. 

Kirchoff's law on closed two-loop electrical 

circuits in printed teaching modules is quite 

difficult physics material because it requires 

long, tiered steps and mathematical skills.[15]. 

Students have difficulty making equations, 

drawing loop directions, and knowing the flow 

of electric current.[4]. The material in the 

teaching module is also incomplete and 

includes unattractive images.[16]. This is what 

causes student learning outcomes to still be very 

low on the material on closed two-loop 

electrical circuits.[1], [3]. 

A two-loop closed electrical circuit is 

generally worked on using the substitution-

elimination method.[17]. However, there are 

many methods that can be used to solve physics 

problems of closed two-loop electrical circuits. 

Matrix determinants assisted by Cramer's rule 

are one of the efficient mathematical methods 

for solving physics problems in closed two-loop 

electrical circuits. Cramer's rule is a way to find 

the value of a variable in a Linear Equation 

System using a matrix determinant. The matrix 

determinant is the value of the sum of the main 

diagonal elements minus the sum of the 

secondary diagonal elements whose elements 

have been multiplied[15]. Between the closed 

electrical circuit of two loops with the matrix 

determinant has similarities in the form of 

varying variables. Thus, the variables are 

combined into equations and changed into 

matrix form which will later be worked on with 

the matrix determinant.[18]. 

StudyHasyim & Ramadhan (2018)found 

that physics has abstract concepts, is difficult to 

understand, and is difficult to relate to life, so to 

explain physics material and improve learning 

outcomes, teachers and students need printed 

teaching materials. ResearchSunni (2019)added 

that students had difficulty making equations, 

drawing loop directions, and knowing the 

current. The study fromErly 

(2020)AndHidayatulloh et al (2019)shows that 

students' learning outcomes in studying the 

material on two-loop closed electrical circuits 

are still very low. 

Based on the explanation above about the 

low physics learning outcomes of students on 

the material of closed two-loop electrical 

circuits due to teaching materials containing 

incomplete materials, difficult to understand 

language, unattractive displays, and long stages 

of problem solving methods. Therefore, it is 

important to implement teaching modules that 

have been created with complete materials, 

communicative language, attractive displays, 

and effective methods for solving closed two-

loop electrical circuit problems, namely matrix 

determinants. The purpose of this study was to 

improve and describe the physics learning 

outcomes of high school students, as well as to 

find out how teachers and students respond to 

the teaching modules used. In addition, through 

teaching modules containing solutions to 

solving closed two-loop electrical circuit 

problems using the matrix determinant method, 
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it is expected to create an effective and easy way 

for teachers and students. 

 

RESEARCH METHODS 

This research is an experimental research 

with a quantitative descriptive approach. The 

design used is One Group Pretest-Posttest 

Design. 

1) Location and Time of Research 

The research was conducted at SMA 

Negeri 2 Jember in the odd semester of 

2023/2024 which was selected using 

purposive sampling area.[20]. 

2) Research Sample 

The research sample consisted of 36 

students of class XII MIPA 4 and three 

physics teachers. 

3) Research Instruments 

Primary and supporting data are two types 

of data used in this study. Primary data is 

obtained from test results, as well as 

responses from physics teachers and 

students. The results of content analysis or 

performance of physics teachers and 

students, as well as documentation become 

supporting data. 

4) Research Procedures 

The research procedure can be observed in 

Figure 1. 

 

Picture.1 Research Procedures 

5) Data collection technique 

The test (pretest and posttest) consisted of 

five descriptive questions. The physics 

teacher and student response questionnaire 

consisted of 24 statements and five 

supporting questions with indicators of 

ease of understanding of the content, 

efficiency of use, and beauty and visual 

appeal. The content analysis questionnaire 

or teacher and student performance 

consisted of 12 statements about learning 

problems. Both questionnaires used a 

Likert scale score in the form of a score of 

5 Strongly Agree (SS), a score of 4 Agree 

(S), a score of 3 Quite Agree (CS), a score 

of 2 Less Agree (KS), and a score of 1 

Strongly Disagree (STS)[20]. 

Documentation in the form of identity, 

activities, and results sheets. 

6) Data analysis 

In this study, the learning outcome data and 

the results of teacher and student responses 

were analyzed. The pretest and posttest 

results in the form of scores were obtained 

through equation (1) according toIbrahim 

& Yusuf (2019): 

 

(1) 

The results of the values were analyzed 

based on the Normalized Gain <g> test 

with equation (2): 

 
(2) 

The results of the Normalized Gain <g> 

test are converted into categories in Table 

1 below: 

Table.1 Normalized Gain Level Category 

<g> 

Limitation Category 

 Tall 

 Currently 

 Low 

 

The response results were analyzed from 

the scores into percentages using equation 

(3): 

 
(3) 
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The percentage results are converted into 

categories in Table 2 below: 

Table.2 Response Result Percentage 

Category 

Percentage (%) Category 

 Very Positive 

 Positive 

 Quite Positive 

 Less Positive 

 Very Not Positive 

 

RESULTS AND DISCUSSION 

The matrix determinant teaching module in 

a closed two-loop electrical circuit is compiled 

with MS Word 2010 and Canva, and assessed 

using expert judgment before being 

implemented in learning. The expert judgment 

assessment was carried out by 2 lecturers from 

the Physics Education Study Program, 

University of Jember, which showed that the 

teaching module was feasible and there were 

suggestions for correction according to Figure 

2. The suggestions related to the title of the 

teaching module were more emphasized on 

physics, the components and design of the 

teaching module were more refined, not 

showing the direction of the loop in the 

questions in the teaching module, checking the 

answer keys for all questions, and focusing on 

the material of the Sarrus rule matrix 

determinant. The teaching module contains a 

foreword, table of contents, chapters 1 to 5, 

glossary, bibliography, answer keys, and about 

the author. Chapter 1 introduction contains 

background, description, concept map, benefits, 

learning objectives, and usage guidelines. 

Chapter 2 learning activity 1 and chapter 3 

learning activity 2 contain core and basic 

competencies, indicators, materials, summaries, 

questions, and tests. Chapter 4 evaluation 

contains the intent and purpose, materials, and 

evaluation questions. Chapter 5 closing 

contains follow-up actions and expectations. 

 
Picture. 2 Expert Judgment Results 

The results of the study show the pretest and 

posttest scores as student learning outcomes. 

The pretest and posttest scores are data on the 

occurrence of increased student learning 

outcomes. Student learning outcome data is 

shown in Table 3 below: 

Table. 3 Student Learning Outcome Data 

Information Mark 

 Pretest Posttest  

Number of Students 35 31 

Lowest Value 27 68 

The highest score 64 96 

Total Value Sum 1490 2779 

Average Value 42.57 89.61 

Average N-Gain 0.82 

Category Tall 

 

Based on Table 3, the lowest pretest score 

was 27 and the highest was 64, while the lowest 

posttest score was 68 and the highest was 96. 

The average pretest score was 42.57 and the 

posttest was 89.61, indicating a significant 

difference and improvement. Learning with the 

matrix determinant teaching module in a two-

loop closed electrical circuit is given after 

completing the pretest and before completing 

the posttest. The teaching module contains 

material on two-loop closed electrical circuits 

and the Sarrus rule matrix determinant assisted 

by Cramer's rule as a solution to the problem. 

 According to the data obtained from 

student learning outcomes, it states that the 

valuepretestlower than the posttest score, which 

means that student learning outcomes have 
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increased through the teaching module 

equipped with an effective matrix determinant 

method to answer closed two-loop electrical 

circuit questions. Figure 3 shows the difference 

between the pretest answers using the 

substitution-elimination method which has 

longer stages and the posttest answers using the 

matrix determinant method which has shorter 

stages. This improves students' physics learning 

outcomes because students are helped in 

solving closed two-loop electrical circuit 

questions. 

 
Picture.3 Substitution-Elimination Method 

and Matrix Determinants 

To determine the improvement of student 

learning outcomes through the use of teaching 

modules, the pretest and posttest scores were 

analyzed using the Normalized Gain <g> test. 

The results of the data analysis showed an 

average N-Gain of 0.82. These results state that 

by implementing the matrix determinant 

teaching module in a two-loop closed electrical 

circuit, student learning outcomes increased in 

the high category. 

The teaching module does not only 

emphasize on the completeness of the material, 

communicative language, efficient use, and 

attractive appearance. The teaching module also 

contains a matrix determinant method with 

simple and efficient steps, so that students can 

easily follow the stages of the matrix 

determinant method. Students can also 

maximize their time and get satisfactory results 

after working on two-loop closed electrical 

circuit problems. This is based on students' 

positive responses regarding the stages of the 

matrix determinant method which are concise 

and easy to follow. 

Pretestand posttest have the same 

characteristics of questions. Students' pretest 

answers show that the five questions are not 

finished, the electric current unit is not written, 

difficulty in substituting and eliminating 

equations, difficulty in determining the 

direction of the loop and the direction of the 

electric current, composing and simplifying 

equations, and writing the correct calculation 

answers. This is what causes the low pretest 

score. Based on students' posttest answers, the 

five questions are completely answered and 

some are able to write the correct calculation 

answers. This causes the posttest score to be 

higher than the pretest score. 

To find out the impressions of physics 

teachers' and students' reactions to the teaching 

module after it was used, a response 

questionnaire was given. The summary results 

of the response questionnaire are shown in 

Table 4 below: 

Table.4 Physics Teacher and Student 

Response Questionnaire Results 

Information 

Results 

Teacher 
Studen

t 

Highest response 

value 
119 120 

Lowest response 

value 
109 95 

Total Value of 

Each Indicator: 
  

1. Ease of 

Understanding 

Content 

111 1130 
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2. Efficiency of 

Use 
112 1051 

3. Beauty and 

Visual Appeal 
112 1107 

Percentage of 

Each Indicator: 
  

1. Ease of 

Understanding 

Content 

92.50% 91.13% 

2. Efficiency of 

Use 
93.33% 84.76% 

3. Beauty and 

Visual Appeal 
93.33% 89.27% 

Category of 

Each Indicator: 
  

1. Ease of 

Understanding 

Content 

Very 

Positive 

Very 

Positiv

e 

2. Efficiency of 

Use 

Very 

Positive 

Very 

Positiv

e 

3. Beauty and 

Visual Appeal 

Very 

Positive 

Very 

Positiv

e 

Total Value of All 

Indicators 
335 3288 

Average 

Percentage of All 

Indicators 

93.06% 88.39% 

Average Category 

of All Indicators 

Very 

Positive 

Very 

Positiv

e 

 

Table 4 shows the highest response value for 

teachers at 119 and students at 120, while the 

lowest for teachers at 109 and students at 95. 

The indicator with the highest total value and 

percentage is efficiency of use, and beauty and 

visual interest at 119 percentage 93.33% very 

positive category for teachers. The indicator 

with the highest total value and percentage for 

students is ease of understanding the content at 

1130 percentage 91.13% very positive category. 

The teaching module used is easy to 

understand and follow the material, because it 

uses communicative language, so that teachers 

and students give very positive responses. This 

is evidenced by the total value of the ease of 

understanding content indicator of 111 and a 

percentage of 92.50% for physics teachers, and 

a total value of 1130 and a percentage of 91.13% 

for students. These results indicate that there is 

knowledge received by teachers and students, 

namely the matrix determinant method for 

working on two-loop closed electrical circuit 

problems. The teaching module contains a 

concise and complete summary, as well as 

examples and practice questions equipped with 

simple stages that are in accordance with the 

material. 

In the efficiency of use indicator, the 

teaching module received a very positive 

response because it is convenient to use and 

provides a method for working on questions. 

Physics teachers gave a total score for the 

indicator of 112 with a percentage of 93.33%. 

The total score for the efficiency of use 

indicator given by students was 1051 with a 

percentage of 84.76%. The teaching module 

helps answer difficult questions with a simple 

method, so it can be used as a reference for 

learning and teaching. The teaching module is 

also practical to hold, so it can be read anytime 

and anywhere, and is supported by durable 

conditions. 

The teaching module in Figure 3 received 

very positive responses on the indicators of 

beauty and visual interest, such as design and 

visual components (cover, layout, content, 

images, and writing) are appropriate and 

attractive. The total value of the indicator given 

by the physics teacher was 112 with a 

percentage of 93.33%. Students also gave a total 

value of the indicator for the teaching module of 

1107 with a percentage of 93.33%. The teaching 

module is presented with the right size and font 

that can be read. The size of the images 

displayed in the teaching module is clear and 

consistent. 
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Picture.4 Matrix Determinant Teaching 

Module in Two-Loop Closed Electrical 

Circuits 

Teachers and students gave very positive 

responses to the applied teaching module. Table 

4 proves that the total value of all indicators is 

335 with a percentage of 93.06% from teachers 

and 3288 with a percentage of 88.39% from 

students. The existence of this very positive 

response can be used to ensure that the matrix 

determinant method teaching module is feasible 

and effective to be implemented in learning the 

material of two-loop closed electrical circuits. 

The physics teacher response questionnaire 

contains criticism and suggestions for the 

teaching module written in 5 supporting 

questions. According to the first question in 

Figure 4, complete material, attractive 

appearance, and easy-to-understand language 

are the advantages of the teaching module. 

However, the lack of diverse practice questions 

and student activities are the answer to the 

second question about the shortcomings of the 

teaching module. The things that are liked about 

the teaching module in the third question are the 

material, language, and appearance. The lack of 

varied questions and student activities are the 

things that are disliked about the teaching 

module in the fourth question. Suggestions and 

criticisms for the teaching module in the fifth 

question are that student activities and practice 

questions are developed, the display color is 

harmonized, and the use of language is 

appropriate to the student's level. 

 
Picture.5 Answers to Supporting Questions 

for the First Questionnaire on Teacher 

CONCLUSION 

Based on the results of the discussion that 

has been explained, the conclusion obtained is 

that the implementation of the matrix 

determinant teaching module in a closed two-

loop electrical circuit can improve the physics 

learning outcomes of high school students with 

an N-Gain score of 0.82 in the high category. In 

addition, the implementation of the matrix 

determinant teaching module in a closed two-

loop electrical circuit received a response from 

physics teachers with a percentage of 93.06% 

and students with a percentage of 88.39% in the 

very positive category. 
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