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Abstract 

This research aims to analyze the practicality and effectiveness student worksheet based on 

multiple representation to improve conceptual understanding and problem-solving ability, 

especially in magnetic material. The research method using quasi experiment with pretest-posttest 

control group design. The sampling technique used purposive sampling technique, class XII 

student high school in Bandar Lampung. The instruments are feasibility student worksheet of 

observation sheet, student responses to the student worksheet, student activity sheets, and 

conceptual understanding test and problem-solving ability test. Data were analyzed using 

descriptive analysis by percentage, N-gain analysis, and independent t-test. The results showed 

student worksheet based on multiple representation: 1) practical, which is indicated by a) the 

average score student worksheet enforceability in any learning activity that is 87.31 with very high 

criteria and b) the positive response of students (83.75%) against student worksheet. 2) effective, 

which is indicated by a) the student's activity during the study included in the active category, and 

b) there are significant differences in conceptual understanding and problem-solving ability 

between the experiment class and control class. Conceptual understanding and problem-solving 

ability are taught using student worksheet based on multiple representation the experimental class 

better than the control class. 
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1. Introduction 
 

Education is a lifelong need. Every human being needs education until whenever and wherever 

located. The rapid development of education certainly pose challenges, especially the selection of 

appropriate teaching materials and use of technology in education including challenges in physics. 

Physics is a branch of science. Science deals with how to find out about a natural phenomenon 

systematically. To explain the phenomenon, scientists built the concepts and theories that often 

uses abstract symbols so that it becomes difficult to understand. This makes most of the students 

are less fond a physics lesson at school. Not a few problems in physics particularly on abstract and 

complex material is very difficult to solve because many involve complex mathematics [1]. Thus 

in learning physics students are required to be able to build their own knowledge and actively 

participate in the learning process. 

 

Based on the results of preliminary studies of high school students in Bandar Lampung, 81% of 

students have difficulty in learning the material magnetism and considers the matter so 

complicated and 83% of students use the symbolic representation in the form of a formula in 

problems solving physics. Whereas in studying the physics of matter is in need of conceptual 

understanding and student's ability to interpret various representations when solving problems. 

Ability to interpret a variety of representations, is needed to implement various concepts in solving 

the problems appropriately [2, 3]. 

 

Learning on the material magnetism main goal is to develop students' thinking skills to the overall 

magnetic material at both the macroscopic, microscopic and symbolic. Students' understanding of 

magnetic material is shown by its ability to transfer and links between the phenomenon of 

macroscopic, microscopic and symbolic. Inability to represent one of the three, will affect the 

other, so that students will have difficulty in solving the problems that are complex [4]. 

Explanation verbally through the text that has been created will be more easily understood if the 

description text is equipped with an image/visual and graphic corresponding to such materials. 

Students' individual differences may play a role in their interpretation of visuals on science 

assessments ([5, 6, and 7]). Students use representations to support understanding when they solve 

a problem or learn new concepts [8]. 

 

Representation is something that represent, describe, or symbolize objects and/or processes. 

Multiple representation (MR) means represent the same concept in a different format, including 

verbal, images, graphics, and mathematics [9]. According to [10] learning environment with 

multiple representation has three main functions, the first function is to use the representation to 

obtain additional information or support the process of cognition exist and complement each other. 

The second, representations can be used to limit the interpretation that may occur. And the third 

representation can be used to motivate the students to build a deeper understanding. Based on 

research by [11] that multiple representation used in interactive conceptual learning programs have 

high effectiveness in imparting conceptual understanding. The use of MR in learning can improve 

students conceptual understanding [12, 13]. Another similar study conducted by the [14] that the 

use of analogy and representation in learning more effectively improve students’ conceptual 

understanding in electrical and magnetic materials. 

 

The purpose of this research is to apply the learning to use student worksheet based on multiple 

representation to describe the increasing of students’ conceptual understanding and problem 
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solving ability in terms of practicality and effectiveness in the magnetism learning process. Based 

on these goals, then formulation of the problem in this study, as follows. 

1) How practicality student worksheet based on multiple representation magnetism learning? 

2) How effectiveness student worksheet based on multiple representation magnetism 

learning? 

 

2. Research Methodology 

 

2.1. Research Design 

 

This uses quasi-experimental design with product trials using pretest-posttest control group design. 

Data assessment results practicality shown by feasibility student worksheet and students 'responses 

to student worksheet form of qualitative data, while data on the results of the assessment of 

effectiveness demonstrated by the observation of students' activity in the form of qualitative data 

and test conceptual understanding and problem-solving abilities of physics students in the form of 

quantitative data which can be seen from the students’ pretest and posttest scores. 

 

2.2.  Research Sample 

 

The sample collecting technique is the purposive sampling, the sample are selected based on 

consideration of the researcher. The research sample to obtain the needs data analysis, the 

researchers involved 108 students and 5 teachers to fill a questionnaire. The test products in this 

study were taken one class taught by using student worksheet based multiple representation and 

other classes of the same level as the comparison taught by using conventional student worksheet. 

 

2.3. Research Instruments 

 

Instruments practicality consists of observation sheets feasibility student worksheet to determine 

the level of adherence to student worksheets in learning and sheets student responses to student 

worksheets obtained through a questionnaire consisting of 11 items, 8 items consisted of a 

questionnaire that required students to choose statements happy, quite happy, mediocre, and not 

happy. Then 3 items contain questions that require answers in the form of student opinion 

regarding student worksheet used. Prior to use the students' responses to the questionnaire student 

worksheet based on multiple representation validated by experts and is valid. Furthermore, the 

effectiveness of the instrument consists of pieces of observation of student activity during learning 

using student worksheet based on multiple representation and conceptual understanding test 

consists of six multiple choice questions reasoned and problem solving test consists of four essay 

questions were adopted from [4].  

 
2.4. Data Analysis 

 

Data analysis results practicality student worksheet descriptively. student worksheet practicality 

in terms of enforceability student worksheet based on multiple representation learning using REAL 

model and students' responses to student worksheet. Feasibility of student worksheet is determined 

by calculating the average score of every aspect, then the average score was transformed into value 
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with criteria. As for the reference conversion the score to a scale of five, according to [15] can be 

seen in Table 1 below. 

 

Table 1: Conversion Score Rating Value Statement Quality Practicality 

Level Accomplishment Qualifying 

81-100% Very Good 

61-80% Good 

41-60% Sufficient 

21-40% Insufficient 

0-20% Very Insufficient 

 

Analysis of the data from students' responses to student worksheet by way of happy and quite 

happy to be grouped in a positive response while the mediocre and not happy grouped in a negative 

response. Analysis of data to determine an improved students’ conceptual understanding and 

problem solving skills using analysis inferential statistical analysis of t-test and analysis of the 

average score of N-Gain to determine the effectiveness of magnetic student worksheet based on 

multiple representation. Interpretation criteria N-gain from [16] as in Table 2. 

 

Table 2: Criteria Interpretation of N-gain 

Gain Value Criteria Interpretation 

g>0.7 High 

0.3 <g ≤ 0.7 Medium 

≤ 0.3 g Low 

 

3. Results and Discussions  

 

The Practicality of student worksheet based multiple representation measured through feasibility 

student worksheet in learning and students' responses to student worksheet. The feasibility student 

worksheet in learning includes learning activities that consist of material exposure, experimental 

activities, problem solving, and self-reflection. Results the feasibility of student worksheet 

observation can be seen in Table 3.  

 

Table 3: Observations Feasibility of Student Worksheet Based Multiple representation 

Pert. Aspects Observation Observer Average Average Every Meeting 

I II 

I Step activities 87.00 72.00 79.50 85.23 

 System social 100.00 71.00 85.50 

Principles of reaction 89.50 70.00 79.75 

Support Systems 100.00 90.00 95.00 

Impact of instructional 90.00 82.75 86.38 

II Step activities 88.25 89.25 88.75 87.20 

System social 89.00 80.00 84.50 

Principles of reaction 95.00 80.00 87.50 

support Systems 100.00 81.00 90.50 

Impact of instructional 89.50 80.00 84.75 

III Step activities 87.50 92.50 90.00 89.50 
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System social 100.00 85.00 92.50 

Principles of reaction 85.00 80.00 82.50 

support Systems 100.00 91.00 95.50 

Impact of instructional 90.00 84.00 87.00 

 Average Score Feasibility of Student Worksheet 87.31 

 

Table 3 shows that the results of observation feasibility student worksheet on the first meeting 

until third with an average score of 87.31 was included in the very high category. This means that 

student worksheet based on multiple representation used have operational measures, social system, 

the principle of reaction, support system, and instructional impact are good. Learning activities 

using student worksheet based multiple representation REAL model gives an opportunity for 

students to understand and recognize the concept of a target by using the concept that has been 

owned by the students, by analogy or a similar concept. In learning by using student worksheet 

based multiple representation lead students to apply verbal representations, symbolic/formula, and 

visual to explain the concept of the target (magnetism).  

 

Furthermore, the social system in the learning visible from the interaction between teachers and 

students when the teacher guides the students in formulating the concept target with the concept 

of analogy and the concept of a target through multiple representation, while the interaction 

between students and groups seen during the experiment, formulate hypotheses, analyzing data, 

concluded then deliver the opinion of each group. Then the students are guided apply concept to 

solve the problem. In solving the problem, students are given assistance in the form of an example 

of a similar solution to the problem is solved. Students also undertake reflection and self-

assessment of the ability of its own. In this step, students perform a self-assessment, the shortfall 

on him in explaining the concepts and problem solving.  

 

Students' response to student worksheet based multiple representation with REAL model can be 

seen in Table 4. 

 

Table 4: The results of the Student Response Student Worksheet Based Multiple Representation 

Response Students 

Positive 83.75% 

Negative 16:25 

 

Table 4 shows the results of students' responses to student worksheet based multiple representation 

used a positive response (83.75%). Most of the students (81.5%) was pleased to learn with multiple 

representation-based student worksheet, 79.75% of students expressed using multiple 

representation-based student worksheet easier to understand abstract concepts as developed 

student worksheet analogy is equipped with a target concept with a similar concept they have 

learned previously. These results support the findings of [17] which states analogy usage is not 

only improving understanding concept comprehensively, but also overcoming the misconception. 

Activities of students in learning to use student worksheet based multiple representation were 

active, because students are involved in every phase of activities ranging from phase to phase to 

explain the concept of the target reflection and self-assessment. These results are consistent with 

the results of research [18] student worksheet based RGM can increase students in learning activity 

and student retention in material. 
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The effectiveness of student worksheet based multiple representation in learning is measured 

through learning outcomes which consists of conceptual understanding test results and test results 

on the students' problem-solving abilities experimental class and control class. Based on the results 

of the analysis of conceptual understanding and problem solving skills of students in the 

experimental class and control class can be seen in Table 5. 

 

Table 5: Results N-gain and different test Students’ Conceptual Understanding and Problem 

Solving 

Aspect   Pretest Posttest N-gain Criteria P 

Concept Understanding Experiment 13.67 77.30 0.737 high 0.001 * 

Control 7.80 50.70 0.465 Medium 

Problem Solving Ability Experiments 39 50 0.54 Medium 0,000* 

Control 20 68.67 0.28 low 
* p <0.05 

 

Based on Table 5, the experimental class which used student worksheet based on multiple 

representation gain an increased conceptual understanding is higher than the control class that used 

conventional student worksheet. The results of Mann-Whitney analysis, there is an average 

difference was significant (p <0.05) between the experimental class and control class. The high 

score of N-Gain conceptual understanding of the experimental class indicates that student 

worksheet based multiple representation used in the study had efficacy in the high category in 

instilling concepts in magnetic materials. The learning process by using multiple representation 

based learning sources has given opportunities for students to use their understanding of the 

representations that support when learning new concepts. Students' understanding of the material 

not just focus on one form of representation but in many representations that they get from the 

experiment contained in student worksheet. When using the forms of representation, understanding 

the concept of students have not been good, then use other representations will help students to 

better understand the concept. Thereby students concept understanding will be more profound. 

This is suitble with the opinion of [19] which states that multiple representation can support the 

construction of deeper conceptual understanding. The results of similar research conducted by [20] 

MR reveals that learning to effectively to improve students’ conceptual understanding as well as 

to improve the knowledge of teachers to students' understanding. In addition, research [21] showed 

that training students to transform their acquired knowledge within and across various 

representational forms and to reflect on the scope and function of each level fosters their 

relational reasoning hence helps them develop a more integrated conceptual knowledge. 

 

In the context of overall service to all students, usage student worksheet based multiple 

representation also very supportive. This is consistent with the data in the field, that students have 

different intelligence among the students of the other students. There is more prominent students 

verbal ability, there are the more prominent the ability of the formula, and there are more prominent 

visual and graphic capabilities. Student worksheet views based multiple representation to explain 

the concept of magnetism has provided opportunity to all students to be able to understand the 

concept in accordance with their specific abilities. 

 

Table 5 also shows the average score of N-Gain experimental class (0,54) and control class (0,28). 

This means both classes which used student worksheet based multiple representation and 
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conventional student worksheet have an increased in the problem-solving ability, but based on the 

results of the analysis of different test, a significant difference (p <0.05) on average between 

problem-solving abilities experimental class and control class. Learning by using student 

worksheet based on REAL multiple representation the third phase of guiding students to apply the 

concepts used in problems solving. Stages of problem solving begins with the featured models, 

either verbal or visual, then the students analyze the problem in accordance with the model shown 

both visual or formula to resolve the problem. In the final stage the students perform verification 

or validation to the problem based on the calculation. At each stage of problem solving is seen that 

the use of various forms of representation appears. This was confirmed by research conducted [22, 

23, and 24] who found multiple representation plays an important role in solving the problem. 

 

4. Conclusions & Recommendations  

 

Based on the description in the discussion can be concluded that student worksheet based multiple 

representation using REAL model, 1) practically be seen from the results feasibility of student 

worksheet in learning and positive students’ response against student worksheet. 2) effective be 

seen of students activities during the learning included in the active category, and there are 

significant differences in conceptual understanding and problem solving skills between the 

experimental class and control class. Students’ conceptual understanding and problem solving 

skills are taught using the experimental class student worksheet based multiple representation 

better than the control class. Multiple representation assist students in learning physics concepts in 

a comprehensive manner in accordance capabilities of students.  
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