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Abstract 

One essential ability in physics is problem-solving ability. Problem-solving and physics are inseparable. 

This research aims to reveal how students solve physics problems. This research is quantitative descriptive 

research, namely describing students' problem-solving abilities in Static Fluid material. This research was 

conducted on 28 Physics education students at one of the State Universities in East Java. Data was collected 

through tests and in-depth interviews. The research instrument was two test items on statistical fluid 

problem-solving. The results show that the students' physics problem-solving abilities are still in the beginner 

category. Learners need to work on solving problems correctly with incomplete problem-solving aspects. 

The interviews showed that students' difficulties in the problem-solving process were mainly in determining 

the physics approach to use and bringing the physics approach to specific conditions. This analysis can help 

further studies of improving novice physics problem-solving abilities. 
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INTRODUCTION 

Fluids are an essential physics content for 

students. In everyday life, students inhale and drink 

it in liquid or gas form (Karen Cumming, Priscilla 

Laws, Edward Redish, 2016). Students are required 

to have the ability to understand static fluid 

principles to support understanding of other 

principles in fluid mechanics (Kusairi et al., 2020). 

However, several difficulties are still encountered 

in solving physics problems, especially in static 

fluid materials. These difficulties include, 

difficulties in determining factors that influence 

buoyancy force, determining buoyancy force on 

substances that are not liquids, applying Pascal's 

Principle in hydraulic machines (Ammase et al., 

2019; Kusairi et al., 2021), difficulties when 

solving problems non-routine on the Archimedes 

Principle (Koes-H et al., 2018, 2019), 

misconceptions that still occur, especially on the 

Archimedes Principle (Heron et al., 2003; Irawati 

et al., 2022; Ünal & Tu, 2005), determine The 

magnitude of the buoyancy force experienced by 

objects with different floating phenomena (Puspita 

et al., 2019), describes the position of the object 

relative to the magnitude of the buoyancy force 

experienced (Berek et al., 2016). Some of these 

difficulties still challenge increasing students' 

understanding of static fluid concepts. Students' 

success in applying static fluid principles cannot be 

separated from the quality of students' physics 

problem-solving. 

Problem-solving and physics are two things 

that cannot be separated. One reason is that 

problem-solving is a key component of most 

physics studies (J. L. Docktor & Mestre, 2014). 

One of the goals of teaching physics is to educate 

fluent problem solvers who can transfer their 

knowledge and skills to real-world situations 

(Balta, 2019; Walsh et al., 2007). Apart from that, 

solving physics problems is the estuary of the goals 

of physics education, realized by developing 

student competencies (Niss, 2018). In practice, 

physics teachers usually use problem-solving as a 

mechanism for teaching physics content and 

assessing the level of mastery of that content (J. L. 

Docktor et al., 2016). The instructional goals of 

many introductory physics courses include helping 

students develop expert-like problem-solving skills 

while learning physics concepts (Mason et al., 

2019). 

Another reason is not only in physics; 

problem-solving skills are also a crucial ability 

demanded by society and a vital element to 

increase students' knowledge and understanding 

and prepare them to face life's challenges in the 

future  (Rahman, 2019). One of them is in the 

business and industrial fields, which require 

mastery of problem-solving skills (World 

Economic Forum, 2020). In various fields of 

business and engineering, it is related to 

management, engineering, and science, and 

methods, techniques, and procedures for solving 

problems are the core things that must be mastered 

(de Mast et al., 2023). If problem-solving is used as 

a method, then not only expert problem solvers but 

also all problem solvers need to develop their 

problem-solving skills (Ince, 2018b). 

Problem-solving in physics learning 

emphasizes expert problem solvers and novices. 

The characteristics of novice problem solvers are 

the opposite of expert problem solvers. Novices 

have a fragmented knowledge structure, while 

experts have comprehensive knowledge (Chen et 

al., 2020). Novices often experience strategy 

impasse in solving further problems, while experts 

conduct evaluations by monitoring progress in 

problem-solving (J. L. Docktor et al., 2012). 

Novices often experience strategy impasse in 

solving further problems, while experts conduct 

evaluations by monitoring progress in problem-

solving (J. L. Docktor & Mestre, 2014). Novices 

tend to use a mathematical approach first, while 

experts understand problems and concepts first 

(Ince, 2018a). Novices need to recheck their 

problem-solving answers while experts check their 

answers to see if they make sense and spend more 

time planning their approach (Ali, M., Abd-Talib, 

C., Ibrahim, N. H., Surif, J., Abdullah, 2016; 

Burkholder et al., 2020; Chi et al., 1981). To 

become an expert, there must be the development 

of expert-like problem-solving and problem-

solving skills (Balta, 2016). Developing conceptual 

understanding can be achieved by solving many 

problems (Buteler & Coleoni, 2016).  
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Studies to improve the physics problem-

solving abilities of novice students must continue 

to be carried out. Although there is some research 

on how experts solve introductory-level physics 

problems, research is limited to the types of 

problems solved (J. L. Docktor & Mestre, 2014; 

Leak et al., 2017). Research that overcomes the 

limitations of problem types and studies how 

novices solve problems needs to be studied further. 

Additionally, identifying common difficulties in 

problem-solving processes opens up the possibility 

of predicting where various obstacles might arise 

(Niss, 2018). Identifying difficulties and measuring 

physics problem-solving abilities is expected to 

reveal several characteristics of physics problem-

solvers. It is hoped that this can help students 

improve their physics problem-solving abilities. 

METHOD 

This research is descriptive quantitative 

research, describing students' problem-solving 

abilities in a static fluid material. Participants 

consisted of 28 second-year physics education 

students who had taken Basic Physics courses. 

Students consist of 25 female students and three 

male students.  

The research instrument consists of two 

problem-solving test items. The test instrument 

developed is intended to reveal students' problem-

solving abilities in static fluid material. The 

instrument was developed based on material in 

university physics books. Descriptions of the test 

items developed are shown in Table 1.  

Table 1. Description of test item problems 

Item Content 

First  Determine the type of material 

that makes up a metal statue 

which has a difference in mass 

when weighed in air and in 

water. 

Second Determine the number of buoys 

needed to accommodate a 

floating stall. 

 

In-depth interviews were conducted to learn 

more about students' problem-solving abilities and 

identify students' problem-solving difficulties. 

Interviews were conducted after completing the 

problem-solving test. Interviews were conducted 

with several students representing several criteria 

found based on the student problem-solving test 

worksheet shown in Table 2.  

Table 2. Interview Participant Criteria 

Criteria Description 

First Students who consistently answer 

incorrectly and have incomplete 

problem solving steps 

Second  Students who consistently answer 

incorrectly and complete problem 

solving steps 

Third Students who consistently answer 

correctly and complete the solution 

steps 

Fourth Students who answer correctly but the 

problem solving steps are incomplete 

 

The type of data produced is quantitative and 

qualitative data. Quantitative data results from 

working on problem-solving tests in the form of 

problem-solving scores at each problem-solving 

step, while qualitative data is in the form of 

interview data. Problem-solving test data was 

analyzed using descriptive analysis using a rubric 

developed by (J. L. Docktor et al., 2016). Aspects 

of problem-solving steps measured in the rubric are 

functional description, Physics Approach, Specific 

Application of physics, Mathematical Procedures, 

and Logical Progression. Scoring is in the range 1 

to 5. The minimum score is 1, and the maximum 

score is 5. A complete description of each aspect of 

problem-solving is shown in Table 3. 

Table 3. Categories of physics problem solving 

abilities 

Indicators Criteria 

Expert Novice 

Useful 

Description 

Describe the problem 

by summarizing 

relevant information 

in symbolic form of 

influential variables, 

images and verbally 

accurately and 

completely 

Describe the problem 

by writing down the 

influencing variables 

which are 

incomplete, partially 

missing or contain 

errors 

Physics 

Approach 

Write a physics 

approach that is 

useful as a solution to 

the problem 

accurately and 

completely 

Some of the physics 

approaches written 

down are not correct, 

are still wrong, and 

even skip this step 

Specific 

Applicatio

n of 

Physics 

Select relevant 

equations as a 

solution by applying 

them to the problem 

Just writing down 

the general equation 

without applying it 

according to the 
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correctly and 

completely 

problem, is 

incomplete, still 

contains errors, and 

doesn't even write it 

down 

Mathemati

cal 

Procedures 

Carry out calculations 

according to 

procedures to obtain 

accurate and 

complete results 

Processing and 

obtaining data is still 

inaccurate, 

incomplete, or even 

does not carry out 

calculations at all 

Logical 

Progressio

n 

The solution process 

used is clear, focused 

and precise so that it 

is able to prove the 

suitability of the 

results obtained with 

the solution used 

The solution process 

used is not clear, 

only rewrites the 

results obtained, and 

does not relate the 

results to the process 

used as a solution 

((J. Docktor & Heller, 2009; J. L. Docktor et al., 2016; 

Hull et al., 2013) 

 

The problem solving categories shown in Table 3 

are used to categorize problem solving, especially 

in the field of physics education. 

RESULTS AND DISCUSSIONS 

Based on the physics problem solving test 

given, a score was obtained that describes students' 

problem solving abilities. The results of the 

analysis of the average scores of students' physics 

problem solving abilities in each aspect for each 

test item are shown in Figure 1.  

 
Figure 1. Average problem solving score in each 

aspect 

Based on Figure 1 presents the results of 

students' physics problem-solving tests. It was 

found that most of the students were novice 

problem solvers (novices). It is shown that the 

average aspects of Useful description, physics 

approach, and specific application get a higher 

score than the aspects of mathematical procedures 

and logical progression. Some students have 

provided descriptions, but the descriptions still 

need to be completed. Students only repeat the 

information that has been included in the question 

items. In the physics approach aspect, students 

have provided a physics approach, but the approach 

is based on memorization and needs to be adapted 

to the context of the problem. In the specific aspect 

of the application, it is shown that it is still not 

appropriate to bring the context of the problem 

more specifically. The logical progression aspect 

shows that the average student gives unclear, 

unfocucould clearer, more focused, and consistent 

known that experts monitor their progress when 

solving problems and evaluate the reasonableness 

of their answers (Reif et al., 2016). Students must 

be able to reflect on and metacognitive about their 

learning. Students who do not perform well lack 

content knowledge and metacognitive skills that 

allow them to recognize their deficiencies in 

content knowledge (Lindsey & Nagel, 2015; 

Sularso et al., 2017).   

Based on the quantitative data analysis 

carried out, several problem-solving patterns were 

found by students. The work results of several 

students were analyzed in depth to describe the 

quality of students' problem-solving abilities. It 

was found that some of the students' problem-

solving abilities were still in the beginner realm. In-

depth interviews were conducted with several 

categories of students to find out more about the 

quality of problem-solving. 

First category 

The first category is students who are 

consistently inaccurate in solving problems with 

incomplete problem solving steps. The results of 

student answers to item 1 are shown in Figure 2. 

 

Figure 2. Student answers to item 1 

Based on Figure 2, it is known that students 

only use verbal representations in problem-solving. 
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Students solve problems with poor quality. 

Students have not used the right approach to 

physics; students have not used Archimedes' Law 

approach. Students divide the difference in mass of 

objects in air and water by the density of water. A 

more in-depth explanation of the problem-solving 

process was explored through in-depth interviews. 

The following are the results of in-depth interviews 

conducted by researchers with students. 

Researcher: What are the difficulties in working on 

the questions? 

Student: I need help understanding the conditions 

of objects in water and air and why their weight 

can be different. 

Researcher: What is the context for solving 

question 1? 

Student: As far as I remember, in fluids, when an 

object in water, for example, spills water, the 

weight of the spilled water is the same as the weight 

of the load that was immersed. 

Researcher: How do you calculate the density of 

the statue so you can find out what type of material 

the statue is made of? 

Student: You can find out by reducing objects in 

the air and in water. So, from the buoyancy force, 

I concluded that the volume of water replaced. 

The results of student problem solving in the 

second item are shown in Figure 3 below.

 

Figure 3. Student answers to item 2 

To find out more about the problem solving 

process, researchers conducted in-depth interviews 

with students in number 2. The results of the in-

depth interviews are shown as follows. 

Researcher: How is the solution for item 2? 

Student: First, I found the mass of people 

occupying the buoy by multiplying the mass by the 

number of people. It is known that the buoy 

contains the diameter and height of the buoy, so I 

looked for the volume of the buoy. So, to find the 

float's capacity by multiplying the float's volume, 

the density of the water and gravity. So, 

approximately two floats are needed. 

Researcher: Why do you need two buoys? 

Student: The lifting capacity is 500 N, and it is 

known that the person's mass is 1000 kg. If the buoy 

lifting capacity is 500, then 2 are needed to 

accommodate 1000 kg. 

Researcher: What help is needed to facilitate the 

problem-solving process? 

Student: I have difficulty understanding the context 

of the problem; help by providing initial 

instructions leading to the physics approach used. 

Based on tests and in-depth interviews, it is 

known that students are categorized as novice 

problem solvers. Student test answers show that 

students need to describe the problem completely, 

the physics approach used needs to be completed, 

only general equations are written, data is 

processed using short calculations, and the results 

are not related to the process used. The main 

difficulty for students is understanding the 

problem, determining the physics approach to use, 

and bringing it to specific conditions. The problem-

solving approach students use is not specific to 

certain physical principles; the physical principles 

that should be used are Newton's First Law and 

Archimedes' Law. The student's approach must be 

more superficial, leading to rote memorization. In 

the second point, students only review the 

condition of the buoy based on the lifting force on 

the buoy. Students need to review the overall 

system, namely that there are other conditions, 

namely the gravity experienced by the submerged 

buoy. So, students tend to think that the buoyant 

force will increase if the object's volume is 

increased (Kiray et al., 2015). If students review the 

entire system, students will be able to understand 

the problem comprehensively, not just in parts.  

Second Category 

The second category is students in the 

problem solving category who consistently answer 

incorrectly with complete problem solving steps. 

The problem solving carried out by students in 

point 1 is shown in Figure 4 below. 
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Figure 4. Student answers to item 1 

Researchers dig deeper into solving student 

problems in number 1 by conducting in-depth 

interviews. The results of the interview are as 

follows. 

Researcher: What are the difficulties encountered 

in problem-solving? 

Student: When solving a problem, I wonder 

whether what I understand and imagine does not 

match the answer that should be. Does the formula 

suit the context of the question given? 

Researcher: How do you explain the solution to 

question 1? 

Student: Point 1 is about density, with ρ=m/v, but 

I am confused about connecting the weight of an 

object in the air and water with the density 

approach. 

The problem solving carried out by students 

in the second point which discusses determining 

the number of buoys needed to accommodate the 

floating stall is shown in Figure 5 below. 

 

 
Figure 5. Student answers to item 2 

Based on Figure 5, it shows that students are 

problem solvers who tend to describe problems in 

the form of pictures. Students draw a floating stall 

with visitors inside and float underneath. However, 

because they had not yet received a definite answer, 

the students described a giant buoy holding the 

floating stall. When they have to bring these 

problems to a physics approach for solving, 

students experience difficulties. Students do not 

bring problems to a specific physics approach, 

where students should be able to use Newton's first 

law and Archimedes' law. The problem-solving 

process can be explored more deeply through the 

results of the following interview. 

Researcher: How to solve question 2? 

Student: I answered carelessly, not based on the 

laws of physics. I imagined this problem with 

pictures. However, I needed help determining the 

use of the formula. 

Researcher: That is right, you gave a pretty good 

initial description by describing and giving verbal 

explanations. Does it help? 

Students: It would be beneficial if 

pictures/illustrations were given in the questions 

(because students misdescribe the buoys, the size of 

the buoys is enormous) 

Researcher: What physics approach is used, and 

why do you use this physics approach? 

Student: Archimedes' law approach, namely 

sinking, floating, and drifting. 

Based on test answers and interviews, it is 

known that students are novice problem solvers. It 

was found that although the problem-solving steps 

taken were complete, some needed to be corrected. 

It was shown that when solving the problem on the 

first test item, students used a physics approach, 

namely density. When bringing the case to specific 

physical conditions, students need help 

determining the relationship between the weight of 

objects in air and water using the density approach. 

In the worksheet, students say that an object 

immersed in a liquid will experience a lifting force 

of 𝐹𝐴 = 𝜌 ∙ 𝑔. Students cannot continue problem-

solving to explain the approach to more specific 

conditions. 

The results of the interviews showed that 

students realized that the physics approach used 

when solving problems was based on something 

other than physical theory. However, students find 

it helpful if, at the beginning, when solving a 
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problem, they provide an initial description. 

Students know that the physics approach used 

should be Archimedes' Law. It is known that 

solving problems with complete problem-solving 

steps can help students understand the problem as 

a whole. The first step is especially to describe the 

problem with relevant information. Students tend 

to use pictorial and verbal representations to 

describe problems.  

Third category 

The third category is students who 

consistently answer correctly with incomplete 

problem solving steps. The results of students' 

physics problem solving in the first items are 

shown on the worksheet in Figure 6 below. 

 

Figure 6. Student answers to item 1 

Figure 6 shows that students are problem 

solvers who do not use detailed initial descriptions 

in solving initial problems. Students solve 

problems directly using a physics approach with a 

few descriptions of the problem's concept. The 

physics approach used does not refer specifically to 

the supposed physics approach. Students tend to 

view the conditions of objects in the air and water 

separately—the results of the researcher's 

interviews with students related to the problem of 

the first items. 

Researcher: What difficulties do you face when 

solving problems? 

Student: I often forget the formula 

Researcher: What physics approach is used in item 

1? 

Student: Archimedes 

Researcher: How do you solve problem items 1? 

Student: I tried to solve it with unit analysis. 

Usually, 𝑚3 is a unit of volume, and kg is a unit of 

mass. So, I use mass/volume for the solution. There 

are two masses, namely in air and water; I look for 

the difference, and then I compare the masses in air 

and water. 

Researcher: Why use unit analysis in solving 

problems? 

Student: There is no particular reason, but it often 

happens because they forget the physics approach 

that should be used. 

Based on the results of interviews with 

students, it is known that students need to be more 

expert problem solvers in using a physics approach. 

However, students solve problems using a unit 

analysis approach. So, the problem-solving 

approach is obtained from analyzing units. This is 

because students need help recalling the physics 

approach that should be used, in this case, 

Archimedes' Law, namely the concept of apparent 

weight. Even so, students solve problems with the 

right solution. 

The results of student problem-solving in the 

second point can be seen in the student worksheet 

shown in Figure 7 below. 

 

 
Figure 7. Student answers to point 2 

Based on student answers in Figure 7, it is 

known that the problem solving carried out is not 

based on a physics approach. In the second point, 
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students are asked to design the number of buoys 

needed to accommodate a floating stall. Students 

solve problems using approaches. 

Researcher: What is the explanation for solving 

the problem in point 2? 

Student: I tried using the formula for the area of a 

circle, but the result was too big, so I concluded it 

was impossible. Then I tried to solve it with the 

circle's circumference because the floats are 

circular, so I got the result six floats. 

Researcher: Why use this approach? 

Student: Because the item discusses circular 

buoys, it probably has something to do with the 

area and circumference of the circle. When I used 

Archimedes' law, I did not get a solution. 

Based on the results of the author's 

interviews with students, it is known that students 

have yet to use a physics approach in solving 

problems. Students solve problems by using a 

mathematical approach. Presented by students, the 

approach used is the area and circumference of a 

circle approach. This is based on the shape of the 

float, which is a circle. When using the circle area 

approach, students get results so large that it is 

impossible to use that approach. Next, the students 

used the circumference approach and obtained the 

results of 6 buoys needed to hold the floating stall. 

So, it is concluded that students need to be more 

expert physics problem solvers. However, it was 

found that these students had quite good 

mathematical reasoning abilities. 

Fourth Category 

The fourth category is students who 

consistently answer correctly with complete 

problem solving steps. The results of student 

problem solving are shown on the student 

worksheet in Figure 8 below. 

 
Figure 8. Student answers to item 1 

Based on student answers, it is shown that 

students are problem solvers who tend to use verbal 

representations. This verbal description leads to the 

physics approach used to solve the problem. In this 

case, students use Archimedes' approach to 

determine the density of the statue so that the type 

of material that makes it up can be known. 

However, the solution to this case is still not 

appropriate and forces the type of constituent 

material to be aluminum. 

Researcher: What are the difficulties during the 

problem-solving process? 

Student: Analyze the problem and determine what 

physics approach should be used later because the 

problem does not directly enter the Archimedes 

formula 

Researcher: How is problem number 1 solved? 

What do you think it's about? 

Student: about Archimedes, especially buoyancy.  

𝐹𝑎 𝜌⁄  to find the volume of the statue. The mass of 

the statue, seen from the mass of water that spills, 

is the same as the mass of the statue. So, the density 

of the metal is obtained by dividing the mass of the 

metal in air by the volume of the statue. 

Based on interviews conducted, it is known 

that students have no difficulty determining the 

physics approach to use. However, difficulties in 

leading to more specific conditions. The quality of 

student problem solving is shown in the student 

answers in Figure 9 below.  

 

Figure 9. Student answers to item 2 

Researcher: How is question number 2 solved? 

About what? 

Student: The solution uses Archimedes' buoyant 

force. Find the lifting force (𝐹𝑎) the pushed mass × 

g. 
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Researcher: Why don't you give an initial 

description like number 1, which could be verbal 

or pictorial? 

Student: sometimes, I write a description at the 

beginning of problem-solving. 

Researcher: Did this step help? 

Student: Yes, very helpful. 

Based on student test answers, it is known 

that students tend to use verbal representations in 

the problem solving process. It turns out that these 

verbal descriptions help students in the problem-

solving process because the descriptions are more 

complete and easier to remember. Students have 

used the right approach but still view the problem 

as a separate system when bringing the problem to 

a specific condition. It is stated that in fact some 

students have the knowledge needed to solve 

problems but they do not try to apply it (Gette et 

al., 2018). Therefore, some students are novice 

problem solvers. Novices are said to be unable to 

make connections, especially in complex and 

difficult problems. At the same time, experts need 

more time to understand the problem and concepts 

involved in the problem and to explore the 

relationship between information and concepts 

(Ince, 2018b). For example, when faced with the 

problem of floating and sinking, students are 

required to provide complex explanations, not just 

simple relationships (J Radovanović, 2019). 

Students tend not to try to use the knowledge they 

have and choose to make simple connections. 

Based on the results of the interviews, the four 

students had the same problem, namely the 

difficulty of bringing a physics approach to specific 

conditions. However, some students do it 

differently. One of them is students in the third 

category who use mathematical representation as 

an alternative approach. 

The problem that is the same in all four 

categories of problem solvers is the inability to 

relate the information in the case to the physics 

approach. This is because students do not view 

cases based on the system. Students tend to view 

cases as separate systems. Expert problem solvers 

can view cases holistically. Therefore, the fourth 

students are novice problem solvers. Both cases 

should be solved using Archimedes' law, but 

students still need help finding the right solution. 

This follows the results of interviews with 

students who expressed the same difficulties. 

Training students to carry out the problem-solving 

process with complete and structured steps is 

recommended. So that students do not view cases 

in a narrow and separate form. For example, 

providing descriptions verbally or in pictures can 

direct students to determine the right approach to 

physics. The use of representations in problem-

solving influences the quality of problem-solving, 

especially as assistance for some students. Because 

representation correlates with thought patterns, 

namely students' views on a phenomenon 

(Mansyur et al., 2023; Nikat et al., 2021; Taher et 

al., 2017). The quality of the test instrument 

influences the student's problem-solving process 

when given a complex problem the expert should 

be able to analyze the influencing factors and 

determine the physics approach used (Ringo et al., 

2019). The problems raised can be related to 

everyday life so that they make a significant 

contribution to student learning (Jamaludin & 

Batlolona, 2021; Lutsenko, 2018). 

Future research needs to conduct in-depth 

interviews to explore more deeply the quality of 

students' problem-solving on different materials. 

Apart from that, further studies regarding the 

problem-solving process with complete aspects 

need to be carried out to improve students' 

problem-solving abilities. The weakness of this 

research is that the sample size still needs to be 

bigger. Studies need to be carried out on other 

materials with larger samples. 

CONCLUSION 

Problem-solving carried out by students is 

still categorized as a novice. In the problem-solving 

process, students tend to work incorrectly, and 

problem-solving aspects need to be completed. 

Some students skip making an initial description 

and go straight to physics or mathematical 

equations. The physics approach used is still 

inappropriate and shallow because students still 

need help connecting the information in the case 

with the physics approach used. Students 

experience these difficulties because students need 
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to view the problem as a unified system, not 

separate cases from one another. Students also tend 

to skip the final problem-solving step, namely 

logical progression. In the future, students need to 

be trained to carry out problem-solving processes 

with complete and systematic problem-solving 

aspects because these systematic problem-solving 

steps are expected to help students improve their 

problem-solving skills. 
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