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 Conceptual problem solving skills are one of the factors for student success in 
learning physics. Problem solving skills have a close relationship with reasoning 
skills. This study aims to analyze conceptual problem solving and student’s 
empirical inductive reasoning in learning physics in elasticity subject. This study 
used a quasi-experimental method with a one-shot case study research design. The 
research data were obtained from written tests. For conceptual problem solving 
skills, the average score percentage for principle aspects was 50.79%, justification 
aspects 3.17%, and plan aspects 38.49%. The results showed that the aspects of 
student justification in the elasticity subject were still low. Students have not been 
able to provide a complete explanation of why a principle or law of physics applies 
to a problem. For empirical inductive reasoning skills, the percentage score for the 
class inclusion pattern average was 31%, the conservation pattern was 10%, and 
the serial ordering pattern was 38%. Students have not been able to apply 
conservation thinking to an object, meaning that students do not understand that 
if nothing is added or removed from an object, then the properties or characteristics 
of the object will remain the same even though their appearance is different. The 
research results are expected to provide benefits, namely: (1) for students, as 
motivation to improve learning performance so that good learning outcomes are 
achieved, and (2) for teachers, as a basis for applying appropriate learning methods 
to develop student’s conceptual problem solving and empirical inductive reasoning 
skills. 
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INTRODUCTION 

Solving problems is one of the daily activities 
of students in learning at school. This problem 
solving involves a complex thought process. 
Students are required to have good problem solving 
skills in the face of the rapidly developing scientific 
and technological age. Facts in the field show that 
most students have difficulty solving physics 
problems. Snetinova & Koupilova (2012), Syukri et 
al. (2012), and Nurhayati et al. (2016) found that 
the difficulty of solving physics problems is 
supported by the problem solving process without 
recognizing or understanding the physics concepts 
associated with the problem. Understanding the 
concepts involved in this problem really helps 
students in determining the next steps to solve the 
problem appropriately. According to Docktor et al. 
(2015), conceptual problem solving consists of three 
parts, namely: (1) principle (principles or concepts 
that apply to problems), (2) justification 
(explanation of why the principle or concept is in 
accordance with the problem), and plan (problem 
solving step by step plan). 

Another thinking skill that is closely related 
to problem solving skills is reasoning skills. 
Reasoning as a combined form of basic, critical, and 
creative thinking is needed by students in learning 
physics. One of the patterns of scientific reasoning 
according to Lawson (1995) is the empirical 
inductive pattern, which is a person's thinking 
pattern in describing objects, events, and situations 
in their environment accurately. The empirical 
inductive pattern consists of: (1) class inclusion 
(understanding simple classifications and 
generalizations), (2) conservation (applying 
conservation thinking to visible objects and 
properties), and (3) serial ordering (arranging a set 
of objects or data serially). With this pattern of 
thinking, students can understand simple physics 
concepts that refer directly to objects that can be 
observed and can be explained in terms of simple 
relationships. In fact, it was found that student’s 
scientific reasoning in physics learning was still low 
(Hermawanto et al., 2013; Shofiyah et al., 2013). 
Daryanti et al. (2015) also found that all aspects of 
student’s scientific reasoning were still below 50%. 

Based on the explanation above, it is 
necessary to improve student’s conceptual problem 
solving and empirical inductive reasoning skills. 
Before making these improvement efforts, it is 
necessary to study first how conceptual problem 
solving skills and empirical inductive reasoning of 
students in Semarang city in physics learning, 
especially in elasticity subject. The reason for the 
elasticity subject chosen in this study is because it is 
very familiar with daily life and can be visualized 
and various problems regarding elasticity can be 
arranged in accordance with conceptual problem 

solving and empirical inductive reasoning pattern to 
be measured. 

A study of student’s conceptual problem 
solving skills and empirical inductive reasoning 
needs to be done because it refers to the 
observations of Kharida et al. (2009) which shows 
that the average score of SMA Sultan Agung 1 
Semarang students on the elasticity subject is 64.5, 
which is classified as low. In addition, in several 
other areas outside the city of Semarang, there were 
various misconceptions experienced by students on 
the subject of elasticity. In SMA N 4 Jember, it was 
found that 26% of students had misconceptions and 
18% of students had no understanding of the 
concept of elasticity (Nisa et al., 2019), while in 
SMA N 1 Indralaya it was found that 51.05% of 
students had misconceptions on elasticity and 
Hooke's law subject and 8.38% of students do not 
understand the concept (Hidayati et al., 2016). 
Some of the misconceptions experienced by 
students on the elasticity subject include: (1) energy 
can appear and disappear, (2) the elastic energy that 
a spring has when it is compressed is smaller than 
the elastic energy of the spring before it is 
compressed, (3) elastic objects have no elastic limits 
(4) the modulus of elasticity is a measure of the 
ability of a material to return to its original shape 
after being subjected to pressure, and (5) objects that 
have a greater bending power have a larger modulus 
of elasticity. Several previous studies have become 
the basis for conducting this research in order to 
assess the conceptual problem solving skills and 
empirical inductive reasoning of students in the 
Semarang city on the elasticity subject. 

METHOD 

This study used a quasi-experimental 
method with a one-shot case study design. The 
subjects of this study were twenty-one students of 
class XI IPA SMA Walisongo Semarang for the 
2019/2020 academic year. Data collection was 
carried out through written tests to analyze 
student’s conceptual problem solving and empirical 
inductive reasoning. Analysis of problem solving in 
terms of three parts according to Docktor et al. 
(2015), namely: principle, justification, and plan. 
For empirical inductive reasoning analysis is 
carried out based on three patterns, namely: class 
inclusion, conservation, and serial ordering 
(Lawson, 1995). 

RESULTS AND DISCUSSION 

Student’s Conceptual Problem Solving 
Data on student’s conceptual problem 

solving skills were obtained through written tests. 
This test consists of 3 items in the description of the 
elasticity subject. Item 1 about Hooke's law and the 
principle of the arrangement of series and parallel 
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springs. Item 2 about the change of gravitational 
potential energy into spring potential energy and 
about Newton's second law and Hooke's law. Item 
3 about Newton's third law and Hooke's law. 
Student’s answers were analyzed based on three 
aspects, namely principle, justification, and plan. 

The plan aspect consists of visualizing the problem, 
writing the quantity and unit symbols, 
mathematical equations, and calculating answers. 
The percentage score for each aspect of conceptual 
problem solving for each item is shown in Figure 1. 

 

 
Figure 1. Percentage of Conceptual Problem Solving Aspect Scores for Each Problem Item 

 
In Figure 1, it can be seen that the principle 

aspect with the achievement in item 2 is 81% and 
the lowest is 10%. Aspect Justification obtained a 
score only on item 1 of 10%. For the planning 
aspect, the average score is obtained on 
mathematical equations, then the quantity and unit 
symbols are obtained, visualization of the problem, 
and the lowest average is obtained in the calculation 
of answers. Overall, students obtained the highest 
average score in determining the appropriate 
mathematical equation, while the lowest average 
score was obtained in the justification aspect. When 
averaged for each aspect, the percentage score for 
principle aspect is 50.79%, justification aspect is 
3.17%, and plan aspect is 38.49%.The following is 
an explanation of each aspect of student conceptual 
problem solving: 

1. Principle Aspect 
In the principle aspect, students are asked to 

write down principles or concepts that apply or can 
be applied to problems. For example in item 2 (the 
item with the highest principle aspect score), a 
picture of a block falling from a certain height from 
the floor is presented. The block falls right on the 
upper end of a spring with a certain spring constant. 
The spring is then compressed by a few centimeters. 
Students are asked to determine the mass of the 
blocks. The principle for solving problem 2 is the 
amount of gravitational potential energy of the 
block changes entirely to potential energy of the 
spring. In Figure 2 (a) it appears that the students 
were correct in determining the principles for 
solving item 2 (potential energy of block = potential 
energy of spring). 

 

     
(a)   (b) 

Figure 2. Student’s Principle Aspects: (a) Item 2 and (b) Item 3. 
 

For comparison, question item 3 (the item with the lowest principle aspect) shown in Figure 3. 

 
Figure 3. Item 3 of The Conceptual Problem Solving Test. 
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Item 3 explains about a spring with a certain 
spring constant whose both ends are pulled by an 
equal force opposing each other. Students are asked 
to determine the increase in the length of the spring. 
The law involved in solving item 3 is Hooke's law 
with action-reaction force or you can use Hooke's 
law where the springs are considered to be two 
identical springs arranged in series. In Figure 2 (b), 
it appears that the students mentioned the work 
concept for solving item 3, but the business concept 
was not appropriate for solving item 3. 

Students who have not been able to master 
the concept will have difficulty solving problems 
and have an impact on cognitive learning outcomes 
(Supiandi & Julung, 2014). Lin & Singh (2013) also 
stated that identifying the relevant physics 

principles contained in the problem is an important 
component in solving physics problems. So, a good 
understanding of the concepts and principles of 
physics is needed in order to get the right problem 
solution. The development of student’s 
understanding of concepts and principles can be 
done by asking students to qualitatively 
(conceptually) analyze the problems presented. In 
other words, students are not only fixated on which 
formula is appropriate to solve the problem. 
2. Justification Aspect 

In the justification aspect, students are asked 
to write an explanation of why the concept, law, or 
principle they choose is in accordance with the 
problem. For example, Figure 4 shows question 
item 1. 

 

 
Figure 4. Item 1 of The Conceptual Problem Solving Test. 

 
In item 1, it was explained about a spring 

that is applied a force, so that the spring increases in 
length. Next, the spring is cut into two equal long 
and the two are arranged in parallel. Students are 
asked to determine the combined spring constant. 
The laws and principles that correspond to this 
problem are Hooke's law (𝐹 = 𝑘 Δ𝑥) and the 
principle of the series-parallel spring arrangement. 
In this study, students wrote "Hooke's law", and 
"series and parallel combined spring constants" on 
the principle aspect. This shows that students do not 
understand the physics principles involved in item 
1 (the principle of the series-parallel spring 
arrangement). Even so, students already know that 
Hooke's law applies to the problem. 

Explanation why Hooke's law and the 
principle of series-parallel spring arrangement can 
be applied to item 1, namely Hooke's law is used to 
determine the initial spring constant (before the 
spring is cut). Next, to find the spring constant after 
the spring is cut in half, we reverse the analogy. If 
the two pieces of the spring are put together again 
in series into one whole spring, then the combined 
spring constant will be the same as the original 

spring constant ൬
ଵ

௞೛೔೐೎೐
+

ଵ

௞೛೔೐೎೐
=

ଵ

௞೔೙೔೟೔ೌ೗
൰. The two 

springs are then arranged in parallel, so that the 
combined constant value of the springs can be 
found using the principle of parallel spring 
arrangement. Figure 5 presents student’s answers to 
the justification aspects of item 1. 

 

   

Figure 5. Student’s Justification Aspects in Item 1. 
 

Figure 5 shows that students have not giving 
a thorough justification. Students know that in 
solving these problems there are stages to find the 
spring constant, but they have not fully explained 
what principles are used when a spring is cut into 
two parts and then combined in parallel. This can 
be caused by student’s weaknesses in analyzing 
problems, inaccurate thinking, inaccurate reading, 
or lack of persistence (Whimbey & Lochhead 
quoted by Setyono et al., 2016). The student’s 

ability in this problem affects the determination of 
the next steps, such as determining the right 
mathematical equation. 
3. Plan Aspect 

In plan aspect, students are asked to visualize 
the problems presented, write down symbols of 
quantity and unit, write down appropriate 
mathematical equations, and calculate numerical 
answers. The student’s plan aspects for each item 
are shown in Figure 6.
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(a)            (b)          (c) 

Figure 6. Student’s Plan Aspects: (a) Item 1, (b) Item 2, and (c) Item 3. 
 

In Figure 6 (a) it can be seen that students 
can describe a spring that is cut into two equal parts 
(in series) then the two parts of the spring are joined 
in parallel. Students can also visualize an object that 
is dropped onto a spring (Figure 6(b)), it's just that 
the limits of the magnitudes 𝑙଴ (the initial length of 
the spring) and ℎ (the height of the object from the 
top of the spring) are not right. Figure 6(c) shows 
that the student is describing a spring with equal 
force on both sides. For writing the quantity and 
unit symbols, students have written the quantity 
and unit symbols correctly. In determining 
mathematical equations, students have written 
mathematical equations of gravitational potential 
energy, spring potential energy, Hooke's law, and 
the combined constant of parallel springs correctly, 
it's just that they are still wrong in determining the 
constant of a spring that comes from a spring that is 
cut into two equal parts. For calculating numerical 
answers, students get the lowest score. The reasons 
include students who are not careful in calculating, 
have difficulty performing calculation operations, 
and teachers rarely provide various questions 
(Charli et al., 2018). In this study, even though 
students were able to clearly visualize the problem, 
the solutions obtained were not always correct. This 
can happen because problem solving also depends 
on the correctness of the concepts used and 

evaluation of problem solutions (Sujarwanto et al., 
2014). 

From the explanation above, it can be 
concluded that in order to obtain good problem 
solving results, it is necessary to have harmony 
between the aspects of principle, justification, and 
plan. This is confirmed by the research results of Ali 
et al. (2014) stated that students who are more 
successful in problem solving are quick to 
understand the meaning of questions, determine 
goals clearly, draw diagrams, and analyze 
qualitatively before and during the problem solving 
process. 

Student’s Empirical Inductive Reasoning 
Data on student’s empirical inductive 

reasoning skills were obtained through written tests. 
This test consists of 3 items in the description of the 
elasticity subject which are adjusted to three 
empirical inductive reasoning patterns. Figure 7 
shows the percentage average score of each 
empirical inductive reasoning pattern. Item 1 
measures the class inclusion pattern, item 2 
measures the conservation pattern, and item 3 
measures the pattern of serial ordering.

 

 
Figure 7. Percentage Average Score of Each Empirical Inductive Reasoning Pattern. 
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The following is an explanation of each student’s empirical inductive reasoning pattern: 

1. Class inclusion 
Item 1 of the empirical inductive reasoning test is shown in Figure 8. 

 
Figure 8. Item 1 of The Empirical Inductive Reasoning Test. 

 
In Figure 8, is shown a graph of the 

relationship between spring force and change in 
spring length is presented. Students are asked to 
determine the maximum force that can be applied 
to the spring so that the spring can still return to its 
original shape. The empirical inductive reasoning 
skills that students must have to be able to answer 

item 1 are classifying linearity limits, elasticity 
limits, and breaking points on the graph of the 
relationship between spring force and changes in 
spring length and understanding and applying the 
elasticity limit description. Student’s answers and 
reasons for item 1 (class inclusion) are shown in 
Figure 9. 

 

 
(a) 

 

  
(b) 

Figure 9. Student’s Class Inclusion Skills. 
 

Figure 9(a) shows that students understand 
that the spring can still return to its original state if 
the elasticity limit is not exceeded, but the student 
has not been able to classify the linearity and 
elasticity limits on the graph of the relationship 
between the spring force and the change in spring 
length. Figure 9(b) shows that students have been 
able to classify linearity limits (Hooke's law limits), 

elasticity limits, and breaking points, but these 
students do not understand the maximum force that 
can be exerted so that the spring can still return to 
its original state, is not exceeding its elasticity limit. 
2. Conservation 

Figure 10 shows item 2 of the empirical 
inductive reasoning test. 
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  Figure 10. Item 2 of The Empirical Inductive Reasoning Test. 

 
Item 2 in Figure 10 describes two springs 

which have the same size and material, but are 
given different weights. Students are asked to 
compare the constants of the two springs. The 
empirical inductive reasoning skills that students 
must have in order to be able to answer item 2 are 

applying conservation thinking, which is 
understanding that the spring constant does not 
change as long as the size and spring material used 
are the same. Figure 11 shows the student’s answers 
and reasons for item 2. 

 

 
(a) 

 
(b) 

 
(c) 

Figures 11(a) and 11(b) show that students 
consider the size of the spring constant to be 
influenced by the size of the load hanging on the 
spring. Whereas the size of the spring constant is 
influenced by the characteristics of the spring itself, 
namely the size and material of the spring. The 
student in Figure 11(b) also explains that the size of 
the spring constant is directly proportional to the 
magnitude of the force, by applying Hooke's law. 
Whereas the meaning of Hooke's law is the 
magnitude of the change in the length of the spring 
is directly proportional to the magnitude of the 

force exerted on the spring. For Figure 11(c), 
students provide the correct answers and reasons, 
so it can be said that the student is able to apply 
conservation thinking. Students understand the 
concept that the spring constant only depends on 
the type and size of the spring, so that if there are 
two springs that have the same size and material, 
then the spring constant value of the two springs is 
the same. 
3. Serial Ordering 

Item 3 of the empirical inductive reasoning 
test is shown in Figure 12. 

 
Figure 12. Item 3 of The Empirical Inductive Reasoning Test. 

 
Item 3 in Figure 12 describes several springs. 

Students are asked to sort the springs based on the 
value of the spring constant. The empirical 
inductive reasoning skills that students must have to 
answer item 3, is applying the formula to determine 

the combined constant of a parallel spring 
arrangement. The student’s answers and reasons for 
item 3 are shown in Figure 13. Figure 13 shows that 
students understand the meaning of the questions 
well as evidenced by visualizing the problem. 
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Students are also able to determine the constant size 
of a spring from several springs arranged in parallel, 

by applying the formula for the combined spring 
constants for a parallel arrangement.

 

   

The results of this study illustrate that the 
best empirical inductive reasoning skills achieved 
by students are in the aspect of serial ordering and 
the lowest achievement is in the aspect of 
conservation reasoning. The student’s low scientific 
reasoning skills can be caused by several things. 
First, students are accustomed to answering 
questions based on prior knowledge, not by relying 
on information contained in the problem (Wooley 
et al., 2018). This will be a problem if the knowledge 
understood by students is wrong and students do 
not analyze the problem. Students are not used to 
analyzing problems because teachers tend to 
develop learning by providing as much subject as 
possible in the hope that students are able to master 
and apply this knowledge (Gotwals and Songer, 
2009). Students who are facilitated with learning 
methods and media that do not support students in 
analyzing problems, evaluating information, 
thinking critically, and creatively will not be formed 
good reasoning skills in these students. Second, 
students analyzing a quantitative problem does not 
involve qualitative analysis aka determining a 
solution to the problem using only a memorized 
formula. Singh (2016) suggests that consistently 
using qualitative problem analysis and planning 
solutions based on relevant physics principles can 
help students develop reasoning skills. 

Therefore, student’s reasoning skills need 
attention and be trained by the teacher in the 
learning process. Novia & Riandi (2017) explain 
that the development of scientific reasoning 
requires a lot of practice and patience because 
scientific thinking is a complete collection of 
cognitive skills. So, good scientific reasoning skills 
are not automatically formed in a short time and of 
course an appropriate learning method is needed to 
train student’s scientific reasoning skills. In 
addition, Damawati and Juanda (2016) also suggest 
that reasoning is related to all thought processes 
that shaping learning, such as problem solving and 
decision making. With good scientific reasoning 
skills, students can solve problems well and can 
make correct decisions. 

 
 

The implication of the results of this study for 
the field of Physics Education is that it provides 
information that there are still many students who 
experience misconceptions on elasticity subject. 
Teachers are expected to be able to design and apply 
attractive learning models or methods to teach the 
concepts of elasticity, so that students understand 
the concepts of elasticity and can solve physics 
problems in elasticity subject properly. In addition, 
in learning physics, teachers are also expected to 
not only provide as much physics subject as 
possible, but facilitate students to be able to develop 
physics problem solving and reasoning skills. 

1CONCLUSIONS AND SUGGESTIONS 

Based on the research results, it can be 
concluded that the student’s conceptual problem 
solving skills in the elasticity subject still need to be 
improved, especially in the principle and 
justification aspects. Students need to be trained to 
analyze problems, not only quantitatively, but also 
qualitatively, so that student’s understanding of 
concepts increases and students can explain why 
these concepts apply in solving a problem. On the 
other hand, student’s empirical inductive reasoning 
skills, especially conservation patterns also need to 
be developed. This is because good scientific 
reasoning skills will help students solve problems 
well. Therefore, suggestions for further research are 
to design and implement efforts (models, methods, 
or learning techniques) to improve student’s 
conceptual problem-solving skills and scientific 
reasoning. 
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