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One of the causes of low student concept mastery is learning resources 

such as textbooks that are limited and less interesting to read or explore by 

students. Modules are one of the solutions to make it easier for students to 

understand physics-related concepts regarding work and energy material. 

The module that will be applied to reduce these problems is a 

multirepresentation-based module. The purpose of this research is to 

analyze the improvement of students' concept mastery through the 

implementation of multirepresentation-based physics modules on the 

subject of effort and energy. The research was conducted on class X 

students at SMK Negeri 2 Jember with a pre-experimental, one-group 

pretest-posttest research design. The research sample was taken by 

purposive sampling using instruments such as tests, observations, 

interviews, and documentation. The improvement of concept mastery was 

measured using N-gain based on the comparison of pretest and posttest 

results. The results showed that the increase in concept mastery on work 

and energy material was in the medium category with N-gain value of 

58,48%, the unistructural level was in the medium category with N-gain 

value of 60,60%, the multistructural level was in the medium category with 

N-gain value of 42,67%, the relational level was in the medium category 

with N-gain value of 48,70%, and the extended abstract level was in the 

low category with N-gain value of 23,48%.  So, it can be concluded that 

the multirepresentation-based module are proven to improve students’ 

understanding of physics concepts. 
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INTRODUCTION 

Physics is a part of science that reviews events and symptoms found in 

everyday life. Understanding of physics concepts among students is often low 

because physics is considered an abstract and difficult field (Sabaruddin and Nadia, 

2019). This has an impact on students' lack of ability to understand the meaning of 

the problem, difficulty analyzing the meaning of the problem, lack of student 

interest in solving problems, and lack of experience in working on high-category 

physics problems (Mbayowo and Pasaribu, 2021).  

Based on the results of observations and interviews conducted at SMKN 2 

Jember, it shows that students' mastery of concepts is still lacking because there are 

still many students who have wrong concepts and difficulties in solving physics 

problems, especially the material of effort and energy. One of the difficulties faced 

by students is their inability to identify problem solving that requires understanding 

of concepts. The grade X teacher at SMKN 2 Jember stated that there are several 

https://jurnal.peneliti.net/index.php/IJEIT/article/view/13516
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factors that can cause low mastery of student concepts, one of which is the limited 

learning resources used, where physics learning in schools still uses textbooks as 

the main learning source that has not significantly integrated multirepresentation 

and does not contain the required concepts. 

Mastery of physics concepts is the ability to explain physics material into a 

form that is better understood by students in the learning process as a result of 

making observations. Mastery of physics concepts is the ability to explain physics 

material into a form that is better understood by students in the learning process as 

a result of making observations (Shidik, 2020). Concept understanding plays an 

important role for students to solve physics problems that are quite complicated 

(Nikat, 2021). One of the causes of low student concept mastery is learning 

resources such as textbooks that are limited in explaining abstract concepts and are 

less interesting for students to explore (Susilawati et al., 2020). Modules are one of 

the solutions to make it easier for students to understand physics-related concepts 

regarding effort and energy material (Ulfa et al., 2021). 

Multirepresentation-based modules are designed to illustrate abstract 

concepts through various representations, such as verbal, graphic, mathematical, 

and visual, so that they are expected to help students understand physics material 

better (Mangngella and Kendek, 2021). Verlina et al. (2018) in their research, 

suggested that there was a significant effect in the use of multirepresentation-based 

modules on concept mastery, meaning that the module proved effective in 

improving students' mastery of concepts. Based on student response data, it was 

found that students' opinions of the multirepresentation-based physics module were 

positive, indicating that students were helped by the module to understand physics 

concepts (Setyandaru et al., 2017). 

The level of students' concept mastery in this study was measured using 

SOLO Taxonomy (Structure of the Observed Learning Outcomes). According to 

Piaget and Barbel (2010), after students reach a certain level in terms of SOLO 

regarding concepts, they will be able to continue operating at a level related to that 

concept. The SOLO taxonomy (Structure of Observed Learning Outcomes) 

categorizes the level of students' abilities at five different levels and is hierarchical, 

namely level 0: pre-structural, level 1: unistructural, level 2: multi-structural, level 

3: relational, and level 4: extended abstract. 

Based on the background that has been described, the problem formulations 

in this study are: how to improve students' mastery of physics concepts through the 

implementation of multirepresentation-based physics modules on the subject of 

effort and energy? The objectives of this study are to analyze the improvement of 

students' mastery of concepts through the implementation of multirepresentation-

based physics modules on the subject of effort and energy. 

 

RESEARCH METHOD 

The research was conducted with a quantitative descriptive method by giving 

certain treatments to research subjects to get results in the form of consequences. 

The research design used was a pre-experimental one-group pretest-posttest by 

comparing the situation before and after treatment.  

The research was conducted at SMKN 2 Jember in the even semester of the 

2022/2023 school year for 2 meetings with a duration of 2 x 45 minutes at each 
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meeting. The research sample in this study was class X-DKV. The initial stage of 

this research is determining the location, making instruments, and determining the 

population and research samples. The second stage is giving pretests to students to 

do learning by using multirepresentation-based physics modules and conducting 

posttests. The last stage is analyzing the data, compiling the results of the 

discussion, and drawing conclusions related to the research. 

Data collection techniques in this study include interviews, conducted 

unstructured interviews with teachers as supporting data related to teaching 

materials used in class, and multirepresentation-based module implementation. 

Second: tests, used to obtain data related to students' concept mastery abilities. 

Third: documentation, used to obtain information related to the research. 

The research instruments used are 1) teaching modules, as a reference in the 

learning process; 2) physics modules based on multirepresentation, used as teaching 

materials to support learning; 3) tests, using pretests and posttests to measure 

students' concept mastery; and 4) documentation, which can be in the form of notes, 

pictures, photos, and videos, and student portfolio results. 

Data analysis was used to determine the improvement of students' concept 

mastery using the N-gain score with the formula: 

   𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝐺𝑎𝑖𝑛 (𝑔) =
𝑆𝑓−𝑆𝑖

𝑆𝑚𝑎𝑘𝑠−𝑆𝑖
× 100%                                          (1) 

After obtaining the percentage value, categorization is then carried out based on 

Table 1. below: 

Table 1. Normalized gain (N-gain) category 
No Nilai N-gain Criteria 

1 

2 

3 

𝑔 ≥ 70% 

30% ≤ 𝑔 < 70% 

𝑔 < 30% 

High 

Medium 

Low 

 

RESEARCH RESULTS AND DISCUSSION 

Based on the research objectives, data for analyzing the improvement in 

physics concept mastery was obtained based on the analysis of difference in pretest 

and posttest scores conducted before and after the implementation of the 

multirepresentation-based physics module with a total of 8 essay questions. The 

improvement in concept mastery was analyzed using normalized gain (N-gain), 

which is carried out at each level of SOLO taxonomy, namely unistructural, 

relational, and extended abstract. The results of the analysis of the improvement in 

students' physics concept mastery can be seen in Table 2. below: 

Table 2. Improvement of Student Concept Mastery 

Taxonomy Level 𝛴𝑆𝑖 𝛴𝑆𝑓 N-Gain (%) Category  

Unistructural 55 75 60,60 Medium 

Multistructural 101 133 42,67 Medium 

Relasional 110 185 48,70 Medium  

Extended Abstract 44 75 23,48 Low  

Average    58,48 Medium 
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Based on Table 2., it can be seen that the multi-representation-based physics 

module implemented can improve students' mastery of physics concepts at each 

level of the SOLO Taxonomy. This can be seen from the average increase in 

students' mastery of physics concepts, which is in the medium category with N-gain 

value of 58,48%. 

The unistructural level experienced an increase in the medium category with 

an N-gain value of 60,60%. Although the improvement at this level is medium, it 

still indicates that most students were able to understand a basic aspect of the 

concept taught better after implementation, compared to the pretest. Students at this 

stage generally begin to be able to recall facts, provide definitions, and answer basic 

questions correctly. Examples of students' pretest responses at the unistructural 

level can be seen in Figure 1. below. 

 
Figure 1. Unistructural level pretest answers 

In the pretest, students do not yet fully understand the aspects of work. Their 

answers are still direct statements based on what is presented in the picture, namely 

the object is moving. Despite choosing the correct activity, students were unable to 

represent the concept from the image format into another format, resulting in 

inaccurate answers. This can occur when students are not accustomed to learning 

concepts in multiple representations, making it difficult to understand concepts 

when presented in different representations. 

In the posttest conducted after implementing the module, students were not 

only able to remember the definition of work, but were also able to relate the 

variables that cause work to occur. Examples of students' post-test responses at the 

unistructural level can be seen in Figure 2. below. 

 
Figure 2. Unistructural level post-test answers 
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Based on the students' answers to the image above, they know that the 

activity performing the work is image b because the activity in the image 

experiences a displacement in the same direction as the applied force. Therefore, 

when the displacement is not zero, the activity experiences work. From the answers 

given, students are able to understand one aspect of the topic presented.  

The multistructural level experienced an increase in conceptual mastery in 

the moderate category, with an N-gain value of 42.67%. This indicates that the 

multirepresentation-based physics module helps students understand separate 

aspects of a topic. Examples of students' pretest answers at the multistructural level 

can be seen in Figure 3 below. 

 
Figure 3. Multistructural level pre-test answers 

In the pretest, students' answers were still direct statements, thus not 

demonstrating conceptual understanding. This may be because, before using the 

multi-representation-based module, physics learning tended to focus on 

memorizing formulas and terms, rather than understanding the meaning of a 

concept. For example, students knew the formula for kinetic energy but did not 

understand that kinetic energy arises from moving objects. Furthermore, this could 

be because students were not yet accustomed to linking various forms of 

representation (verbal, mathematical, pictorial, and graphical). Therefore, when 

asked to explain using two forms of representation simultaneously, students were 

only able to write partially, for example, only stating the definition without the 

formula, or vice versa. 

After implementing a multi-representation-based physics module, students 

have progressed from simply memorizing terms to understanding the meaning and 

basic representation of concepts. The multi-representation-based physics module 

contains material that interprets the concepts of work and energy through multiple 

representations, so students gain conceptual reinforcement through consistent 

application. Examples of students' posttest answers can be seen in Figure 4 below. 
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Figure 4. Multistructural level post-test answers 

Based on the students' posttest responses, it appears that they were able to 

verbally explain the meaning of both concepts correctly. Furthermore, they were 

able to represent the concepts mathematically using appropriate formulas. Their 

responses demonstrated a strong foundational understanding of two aspects of the 

topic: potential energy and kinetic energy. 

The relational level experienced an increase in conceptual mastery in the 

medium category, with an N-gain value of 48,70%. That indicates that the 

implementation of the multi-representation-based physics module was still 

effective in improving students' understanding of physics concepts. This means that 

some students began to be able to use aspects of the problem and connect them to 

find solutions. Examples of students' pretest answers at the relational level can be 

seen in Figure 5. below. 

 
Figure 5. Relational level pretest answers 

In the pretest, students are able to recall some aspects of the concept, but 

lack a complete understanding of the concepts and are unable to logically connect 

them. Students understand the equations for kinetic and potential energy, but are 

unable to determine the relationship between the two concepts using the law of 

conservation of energy. Consequently, students are unable to correctly and 

precisely solve problems that present the law of conservation of energy. 
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After implementing the module, students experienced increased abilities at 

the relational level. Students who reached the relational level were able to connect 

aspects of the concepts learned to solve the problems presented. Examples of 

students' posttest responses at the relational level can be seen in Figure 6. below. 

 
Figure 6. Relational level post-test answers 

Based on the students' answers, they were able to demonstrate the 

contribution of all aspects of the problem, thus integrating the concepts within it. 

Students were able to discover the relationship between kinetic and potential energy 

through the law of conservation of energy, thus finding the correct solution to the 

problem presented. The improvement in students' mastery of physics concepts at 

the relational level indicates that the multi-representation-based physics module 

effectively improves students' mastery of physics concepts. The module facilitates 

a learning process that encourages students to seek causal relationships between 

concepts, such as the concept of work, changes in kinetic and potential energy, and 

the application of the law of conservation of energy. The example questions and 

practice questions integrated within the module train students to analyze problems 

comprehensively, identify information, and connect various concepts to find 

solutions to the problems presented. 

The extended abstract level experienced an increase in the low category with 

an N-gain value of 23.48%. Although the increase was lower than previous levels, 

students still experienced an increase in conceptual mastery between before and 

after the implementation of the multi-representation-based physics module. This 

indicates that the implemented multi-representation-based physics module was able 

to improve students' conceptual mastery at the extended abstract level. Examples of 

students' pretest answers at the extended abstract level can be seen in Figure 7 

below. 
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Figure 7. Extended abstract level pretest answers 

In the pretest, students were able to understand the basic concepts related to 

force, although they had not yet connected them to displacement. Students still 

experienced difficulties when faced with questions that required them to generalize 

concepts, form hypotheses, and transfer concepts to new situations. Students' 

inability to grasp and connect these basic concepts will impact their ability to apply 

them to new situations that require advanced thinking. 

After implementing the multi-representation physics module, some students 

began to draw general conclusions from the problems presented. However, most 

students still struggled to generalize and apply energy concepts to new, more 

complex situations. Examples of posttest responses from students who reached the 

extended abstract level can be seen in Figure 8 below. 

 
Figure 8. Extended abstract level post-test answers 

In the posttest, students were able to apply the concepts they learned to new 

situations. They were able to connect the information to determine the force 
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required when lifting the gallon directly and when using an inclined plane, although 

they had not yet related it to displacement. Furthermore, they understood that the 

total effort required was the same, allowing them to draw the correct conclusion. 

However, the increase in the low category indicates that most students have not yet 

reached the extended abstract level. This is due to several factors, including limited 

and relatively short implementation time, students' learning habits that are still 

oriented towards memorization, and the lack of activities in the module that guide 

students in generalizing concepts across contexts. 

Based on the results obtained, it is known that the multi-representation-based 

physics module is able to provide an increase in students' mastery of concepts at 

each stage including unistructural, relational, extended abstract. This is in line with 

the research of Verlina et al. (2018) which stated that there is a significant influence 

in the use of multi-representation-based modules on increasing students' mastery of 

concepts as seen through the results of the pretest and posttest. Mahardika et al. 

(2020) in their research also stated that multi-representation applied in physics 

learning can improve students' mastery of concepts and reasoning. 

 

CONCLUSION 

Based on the results of the research, data analysis, and discussion, it can be 

concluded that students experienced an increase in mastery of the concept of effort 

and energy after the implementation of a multirepresentation-based physics 

module. This is shown through the Students experienced an increase in mastery of 

the concept of work and energy at the unistructural level in the medium category 

with an N-Gain value of 60,60%. At the multistructural level, the increase in 

concept mastery experienced by students was in the medium category with an N-

gain value of 42,67%. At the relational level, the increase in concept mastery 

experienced by students was in the medium category with an N-gain value of 

48,70%. At the extended abstract level, there was an increase in concept mastery in 

the low category with an N-gain value of 23,48%. 
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