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This research is a descriptive study with a qualitative approach, which aims 
to describe the ability of junior high school students to solve physics problems 

in various forms of problem representation. The subjects in this study were 

the IX grade junior high school students in six Palu city schools. Respondents 
for interviews in the study amounted to 4 people for each form of problem 

representation, with the criteria of students who answered right, students who 

answered ± 50% correct, students who answered incorrectly, and who did 

not answer. The instrument used was a test of problem solving skills and 
interviews. The data obtained were analyzed qualitatively including data 

reduction, presenting data and verification while descriptive analysis was 

performed by calculating the total score, calculating the percentage and 
categorizing problem solving abilities. The results obtained by the average 

ability of junior high school students to solve physics problems in various 

forms of problem representation 21.86% (less category), with the percentage 

of each form of representation ie verbal representation 36.09% (less category), 
image/picture representation 23.78% (less category), diagram representation 

19.47% (poor category) and graphic representation 8.10% (poor category). 
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INTRODUCTION 
Physics studies about natural phenomena formed by the interaction of various 

physical quantities. In forming natural phenomena, one or more physical quantities are 
interconnected and interact with each other, this makes it difficult for students to 

understand them (Suhandi, 2012). Other difficulties in learning physics are caused, inter 
alia, by the different things inherent in the presentation of physics lessons. These things 

are practicum sessions, formulas and calculations, graphs, diagrams, pictures, and 
concepts (Nina & Heru, 2018). To understand the various relationships and interactions 
between physical quantities that form natural phenomena and other difficulties in learning 
physics requires the ability to solve problems. 

One of the skills students are expected to have in the 2013 curriculum is problem 
solving skills. But so far the implementation of the 2013 curriculum has not been able to 
improve the ability of Palu city junior high school students to solve physics problems. 

Though the ability to solve problems is an important skill in science, especially in physics. 
Because these skills provide opportunities for the application of scientific knowledge. 
From a pedagogical perspective, problem solving can be used as a tool to assess student 
learning (Haratua & Judyanto, 2016) and be one aspect in measuring improvement in 

student learning outcomes in order to realize quality learning (Erni et al., 2018). 
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One indicator of the low ability of junior high school students in the city of Palu in 
solving physics problems, can be seen from the low national exam results of natural science 

subjects obtained by students in the last three years. From a total score of 100, in 2017 the 
average national exam score was 48.93, in 2018 the average score was 44.43 and in 2019 
the average score was 44.77. Physics problems are presented in various forms of 
representation such as verbal forms, diagrams, pictures and graphs. Solving physics 

problems for different formats of representation requires different steps. However, what 
happens so far is that students often use mathematical equations directly because they do 
not have enough steps or procedures to determine the best solution, as a result, most 
students fail to find solutions to these problems (Haratua & Judyanto, 2016). According 

to Docktor & Mastre (2014) problem solving can be explained as exploration using multi 
representations. The use of richer representations by increasing variations in external 
representations that affect cognitive configurations provides more effective results. It can 

be stated that many representations will facilitate the transformation of information from 

one form to another (Mehmet & Ayesegul, 2014). 
Representation in learning physics can be used to minimize student difficulties in 

learning. As stated, a successful problem solving process depends on the skill of 
representing problems such as constructing and using mathematical representations, 

words, graphs, diagrams, pictures, tables, equations, and symbol manipulation (Laras et 
al., 2015). Several research results have shown the ability of students to solve physical 
problems in various forms of problem representation, including Ana et al (2019) states that 
diagrams can help students in problem solving but the effect is statistically less significant. 

Zhongzhou et al (2017) stated that for students with low and middle skills overall students 
who were correct for problems using diagrams were about 5% higher than conditions 
without diagrams, and the difference was statistically significant. However, for high-ability 
students, the difference in overall performance is smaller (<3%), and statistically 

insignificant the results of the study also show that for many physical problems the benefits 
of diagrams are very small. 

Research on the benefits of using graphs also shows that students are still having 
trouble solving problems in the form of graphs. Ana et al (2018) stated students had 

difficulty in understanding the slope of the graph and the area contained under the graph. 
In line with Anton et al (2016) which states the ability of students to solve problems in the 
form of graphs is relatively low. In a different study, Ana et al (2017) stated that graphical 

representations help process data and reduce data usage in students, so students who have 
graphic data representations spend less time understanding data. From some research 
results show that the presentation of problems using diagrams / graphs and graphs does 
not have a significant impact on students' ability to solve problems, whereas on the other 

hand various problem solving strategies have been proposed and carried out, including 
problem solving through some form of diagramming drawings. For example, the PER 
group at the University of Minnesota suggests sketching a picture in the first step of 
understanding and visualizing a problem. Next step describes the problem, students are 

asked to draw a diagram or graph that helps understand the problem (Ana et al., 2019). 
Therefore it is necessary to conduct research to obtain a picture of students' ability to solve 
problems in each different form of problem representation. 

Some of the research that has been done only focuses on the role of diagrams, 

pictures and graphs on students' ability to solve physical problems, not many studies that 
illustrate the ability of students to solve physics problems in various forms of problem 
representation, especially if examined based on Polya's problem solving indicators. So this 
paper aims to describe the ability of students to solve physics problems in various forms of 

problem representation.  
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METHOD 
This study uses a descriptive research method with a qualitative approach that aims 

to describe the ability of junior high school students to solve physics problems in various 
forms of problem representation. The subjects in this study were the IX grade junior high 

school students in six Palu city schools. Respondents for interviews in the study amounted 
to 4 people for each form of problem representation, with the criteria of students who 

answered right, students who answered ± 50% correct, students who answered incorrectly, 
and who did not answer. The instrument used was a test of problem solving skills and 

interviews. 
Qualitative descriptive analysis is carried out by stages determining the percentage of 

the ability to solve physical problems for each form of problem representation based on 
the problem solving indicators from Polya, calculated by the formula: 

Persentage =
number of acquisition scores

𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑠𝑐𝑜𝑟𝑒
𝑥100% 

Then the students' ability in solving physics problems is categorized into various forms 
of problem representation, as in Table 1. 
Table 1.  Problem solving ability category 

Range perentage Category 

81 – 100 
61 – 80 
41 – 60 

21 – 40 
0 - 20 

Very good 
Good 

Enought 

Less 
Poor 

(Suci et al., 2017) 
 

Based on the results of the analysis of the ability to solve the problem then 

interviews were conducted. 
 

RESULTS AND DISCUSSION 
The ability of junior high school students to solve physics problems under study is the 

ability to solve physical problems in the form of verbal representations, diagrams, pictures 

and graphics. The test results are processed based on Polya's problem solving indicators. 
The results of the test can be seen in Figure 1. 

  
Figure 1. Verbal representations, diagrams, images and graphics 

 
The results of tests on the ability of junior high school students to solve physics 

problems in various forms of problem representation obtained an average percentage of 
21.86 (in the less category). From the four forms of problem representation, the highest 

ability to solve problems in a row is the ability to solve physical problems in questions in 
the form of verbal and image representations of 39.09% and 23.79%, followed by the form 
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of diagram and graph representations of 19, 45% and 8.10%. The ability of junior high 
school students to solve physical problems in the form of verbal representations is higher 

than the ability to solve problems in the form of representations of images, diagrams and 
graphs because students are accustomed to solving problems in the form of verbal 
representations. Based on the results of interviews, in learning activities students are more 
often confronted with problems in the form of verbal representations compared to the 

representations of images, diagrams and graphs. This makes students accustomed to 
solving problems in the form of verbal representations. In line with Wahyuddin (2016) 
who revealed the ability of verbal representation in teaching activities determines one's 
success in learning. Because with high verbal skills one can understand ideas and concepts 

and can also easily think and solve problems. 
The results of tests on the ability of junior high school students to solve physical 

problems in the form of verbal representation based on Polya indicators can be seen in 

Figure 2. 

 
Figure 2. Polya problem solving on verbal representation 

 
The ability of junior high school students to solve physical problems in the form of 

verbal representations obtained an average percentage of 39.06 (in the less category). 
Based on the results of the interview one of the factors causing students difficulty in solving 

verbal problems because the problems presented in verbal form are still abstract, so it 
requires the ability to concretize problems before solving them mathematically. Students 
who make representation of drawings / diagrams first before completing to a 
mathematical equation can solve problems well. These results are in line with the results 

of Haratua & Judyanto's research (2016) which found that many students succeeded in 
solving problems that were preceded by a visualization process using sketches or diagrams, 
rather than students who were directly on mathematical solutions. While based on the 

polya indicator students have the highest difficulty at the stage of checking back with an 

average percentage of 8.08% (poor category). These results are consistent with research of 
Anton et al (2016). Based on the results of the interview the low ability to recheck answers 
due to lack of training in the learning process of students how to recheck answers. In 
learning activities, teachers are more dominant using the final assessment approach of 

learning (assessment of learning) and assessment of the learning process (assessment for 
learning) which is focused only on learning outcomes, rather than using the assessment 
approach as learning (assessment as learning). 

The results of tests on the ability of junior high school students to solve physics 
problems in the form of diagrammatic representation based on Polya's indicators can be 
seen in Figure 3. 
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Figure 3. Polya problem solving on diagrams representation 

 
The ability of junior high school students to solve physics problems in the form of 

diagram representation is in the poor category with an average percentage of 19.47. This 
is because students do not understand the physical meaning of the physical concepts in the 

diagram. When diagrams are presented students tend to understand the problem based on 
the diagram presentation not based on concepts, students are unable to analyze the 
diagram and are unable to translate it into sentence form. 

Based on the results of the interview, students who succeeded in solving physics 

problems in diagram form are students who are able to translate problems in diagram form 
into sentence form in accordance with the physics concepts that underlie the problem. 
According to Sudjarwanto (2014), students must be able to recognize problems according 

to principles/concepts in order to be able to determine the next process in solving physics 

problems. On the other hand the use of diagrammatic representation demands more 
student thinking activities, because students must read diagrams, understand diagrams, 
analyze symbols, and conclude then determine problem solving steps. The use of symbols 
on diagrams can also cause confusion in students. Ana et al (2019) state that diagrams can 

help students in problem solving but the effect is statistically less significant. In line with 
the above, Zhongzhou et al (2017) state that for many physical problems, the benefits of 

diagrams are very small and may not justify attempts to make them. This finding is 
consistent with previous research showing that the benefits of providing small diagrams, 

and in certain cases can even damage problem solving 
The results of tests on the ability of junior high school students to solve physics 

problems in the form of image representation based on Polya's indicators can be seen in 
Figure 4. 

 
Figure 4. Polya problem solving on image representation 
 

The ability of junior high school students to solve physics problems in the form of 

image representation is in the less category (average percentage 23.79). In general, students 
are able to understand images, this can be seen from the ability to understand the problem 
36.04%. This percentage is higher than other indicators. But students are not able to 
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understand the physical meaning of the picture, are not able to translate the meaning of 
the symbolic form, so they are not able to make a plan for solving the problem. When the 

picture is presented students analyze the image without linking it to the concept, so that 
the students' answers are less precise. Based on the results of the interview, students who 
succeed in solving physics problems in the form of pictures are students who are able to 
represent problems in the form of images into symbolic forms in accordance with the 

principles and concepts of physics that underlie the problem. According to Haratua (2016), 
the ability to identify variables through verbal and non-verbal sentences using symbols is 
very helpful for making problem solving plans. 

Presentation of questions in the form of images helps students understand the 

problem. But a better understanding does not necessarily affect the next step in problem 
solving, it can be seen from the percentage of problem solving results where the percentage 
of students' ability to understand a problem is 36.04%, making a plan 28.06%, 

implementing a plan of 26.14%, and checking again 0.15%. Ana et al (2019) state that 

even if the diagram/picture is useful in the initial stages of visualizing the problem, it will 
not guarantee a more efficient implementation of the next phase of problem solving. 

Another difficulty faced by students is the inability to determine solutions to solve 
problems, students have difficulty using / understanding concepts and formulas. For 

example in determining voltage and current strength, students do not understand the 
concepts of voltage and current strength in series circuits, parallel circuits and combined 
circuits. Students are also still weak in mathematical operations, especially numeracy 
operations. In line with the research results of Rismatul et al (2015) which states students 

have difficulty in solving physics problems, these difficulties include difficulty 
understanding concepts and formulas, difficulty using equations or formulas, and 
difficulty understanding figures. 

The ability of junior high school students to solve physics problems in the form of 

graphic representation based on Polya indicators can be seen in Figure 5. 

 
Figure 5. Polya problem solving on graphic representation  

 
The ability of junior high school students to solve physics problems in the form of 

graphic representation is in the poor category (an average percentage of 8.06%). Based on 

the results of interviews the low ability of junior high school students to solve problems in 
the form of graphical representation, because most students have difficulty expressing the 
physical meaning of the graph and difficulty connecting the meaning of the graph to the 

actual phenomenon. Another difficulty experienced by students is the difficulty 
understanding the slope of the graph and the area contained under the curve, students 
understand the slope of the graph as a real picture of a situation, for example in the 
problem presented (the graph of the relationship between speed and time of GLBB is 

slowed) students consider the slope of the graph as the path of objects move down from 
the high to the lower. Students also do not understand that the area under the curve on the 
graph has a physical meaning, in this case the area under the curve is the distance of the 
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object. In line with Ana et al (2018) which states that students still have difficulty in 
interpreting the slope and area under the curve caused by the students' weak understanding 

of important concepts related to graphs, this shows understanding the area under the graph 
is a fairly difficult concept that is not it might be developed without formal teaching and 
learning, and more than that attention must be given to this topic in physics learning. 

 

CONSLUSSION 
The ability of junior high school students to solve physics problems in various forms 

of problem representation is in the less category with an average percentage of 21.86%. 
While the ability for each form of problem representation; (1) The ability of junior high 
school students to solve physics problems for verbal representation problems is in the less 
category. Based on the polya indicator, the percentage of the ability to understand the 

problem 38.98%, the ability to plan 54.06%, the ability to carry out the plan 35.16% and 
the ability to check the answers 0.34%. (2) The ability of junior high school students to 
solve physics problems in the form of diagrammatic representation is in the less category. 
Based on the polya indicator, the percentage of the ability to understand the problem 

25.16%, the ability to plan 19.21%, the ability to carry out the plan 27.39% and the ability 
to re-examine the answer 0%. (3) The ability of junior high school students to solve physics 
problems for the form of image representation is in the less category. Based on the polya 

indicator, the percentage of the ability to understand the problem is 36.04%, the ability to 
draw up a plan of 28.06%, the ability to carry out a plan of 26.14% and the ability to check 
the answers 0.15%. (4) The ability of junior high school students to solve physics problems 
for problems in the form of graphical representations is in the poor category. Based on the 

polya indicators, the percentage of the ability to understand the problem is 8.64%, the 
ability to plan 10.19%, the ability to carry out the plan 9.45% and the ability to re-examine 
the answer 0.05%. 
 

RECOMMENDATION 
Important suggestions in this study are that further research needs to be done to see 

the extent of the effect of the form of problem representation on the ability of students to 
solve physics problems. 
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