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ABSTRACT
Article history: This study investigates students' conceptual application errors in
. solving electrical circuit problems in inquiry-based learning. The
Submitted: June 14, 2024 research involved 32 physics education students from Jambi
Accepted: November 2, 2024 University (24 females and 8 males) using a mixed-methods
Published: November 30, approach with an explanatory design. Students completed two
2024 multiple-choice questions with reasoning, analyzed using effect
size calculation, and coded the reasoning responses to assess
Keywords: conceptual application. The results revealed an effect size of 0.7,
L . indicating a moderate impact of inquiry-based learning on
concept application, electrical conceptual application in problem-solving. Further analysis
circuits, inquiry-based learning, showed that correct answers did not always reflect accurate
problem-solving conceptual understanding. For example, in the first question, 62.5%

of students selected option D, but not all provided conceptually
correct reasoning. In the second question, only 37.5% answered
correctly. These findings suggest the need for additional support,
such as reflective sessions and scaffolding, to enhance students'
conceptual understanding and critical thinking skills in problem-
solving tasks.

Analisis aplikasi konsep mahasiswa dalam pemecahan masalah
rangkaian listrik melalui pembelajaran berbasis inkuiri

ABSTRAK

Kata Kunci: Penelitian ini menyelidiki kesalahan aplikasi konsep mahasiswa
dalam menyelesaikan masalah rangkaian listrik pada
pembelajaran berbasis inkuiri. Dengan pendekatan metode
campuran dan desain eksplanatori, penelitian ini melibatkan 32
mahasiswa pendidikan fisika dari Universitas Jambi (24
perempuan, 8 laki-laki). Mahasiswa menyelesaikan dua soal
pilihan ganda beralasan yang dianalisis melalui perhitungan effect
size dan pengkodean alasan jawaban untuk menilai penerapan
konsep. Hasil menunjukkan effect size sebesar 0,7, yang
menunjukkan dampak sedang dari pembelajaran berbasis inkuiri
terhadap penerapan konsep dalam pemecahan masalah. Analisis
lebih lanjut menunjukkan bahwa jawaban yang benar tidak selalu
mencerminkan pemahaman konsep yang akurat. Sebagai contoh,
pada soal pertama, 62,5% mahasiswa memilih opsi D, tetapi tidak
semuanya memberikan alasan konseptual yang benar. Pada soal
kedua, hanya 37,5% yang menjawab dengan tepat. Temuan ini
menunjukkan perlunya dukungan tambahan, seperti sesi refleksi
dan scaffolding, untuk meningkatkan pemahaman konsep dan
keterampilan berpikir kritis mahasiswa dalam tugas pemecahan
masalah.
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Contribution to the literature

This research contributes to:

e Adding new insights into the types and patterns of students' errors in applying
physics concepts, particularly in electrical circuits, after inquiry-based learning.

e Highlighting the importance of qualitatively analyzing students' answers to identify
misconceptions that may be hidden behind correct answers.

¢ Integrating reflective sessions and scaffolding to address the limitations of inquiry-
based learning in enhancing conceptual understanding and critical thinking skills.

1.  INTRODUCTION

The main objectives of physics learning are improving the mastery of concepts [1]-
[3], understanding physics concepts in depth, and applying them in problem-solving
processes [4], [5]. In addition, increasing the quantitative understanding of physics
concepts is also the goal of physics learning [6] because mastering physics as a whole
allows us to connect conceptual understanding and quantitative understanding of physics
concepts.

There are three topics commonly raised in the application of concepts in problem-
solving research. They are: (1) identifying student misconceptions; (2) describing the
students’ conceptual structure; and (3) developing and evaluating learning strategies to
improve conceptual understanding [7], [8]. The third topic is widely raised in research,
especially in electrical circuits. However, some of the results do not have a very good effect
in improving students' conceptual understanding based on the fact that there are still many
students who have difficulty understanding electrical circuit concepts [4], [8], [9]. Some
of the student's difficulties are in using Ohm's law in analyzing complex circuits and only
being able to use Ohm's law to solve simple problems [10]-[12]. Many students have
difficulties to understand the concepts of current, voltage, and resistance [13], [14]. Some
students argue that voltage is generated by electric currents and resistance, not as a cause
of current [12], [14].

Several good practices have been given to improve the application of concept skills
in solving problems in electrical circuit concepts. An analogy of flowing water is used to
make it easier to understand the current concepts, voltage, and resistance in a circuit [15].
This strategy follows the voltage concept but has a disadvantage if the number of batteries
in the circuit increases [14]. A 3-D Model is used to provide a conceptual picture of series
and parallel circuits [16], and a thermal imager is used to distinguish series and parallel
circuits clearly [17]. Still, they do not solve the problem completely.

In this research, the strategy used to help increase the students' application of
concepts in problem-solving is inquiry learning. Inquiry is a learning process in which the
lecturer only gives problems to students. Furthermore, students ask questions and use
experimental procedures to solve the problems independently [18]-[21]. Inquiry learning
not only develops students' understanding as products but also as processes [22] because
this learning can help students develop their cognitive, individual responsibilities, and
problem-solving [19], [23].

Inquiry-based learning has the advantage of developing students' problem-solving
abilities in physics by encouraging them to think critically and creatively when faced with
new challenges. In this process, students actively engage in formulating questions,
designing experiments, and evaluating outcomes, which ultimately strengthens their
understanding of complex physics concepts [24]. By providing students with the
opportunity to organize and manage their learning process, inquiry-based learning also
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fosters essential self-confidence and independent learning skills [25]. This step is crucial
in physics education, as students’ ability to develop deep understanding and analytical
skills enables them to be more adaptive in addressing problem-solving challenges that
require analytical and reflective thinking [26].

The results of previous studies conducted as preliminary research in this study show
several aspects related to problem-solving and the application of inquiry-based learning.
For example, a study showed that students who applied a scientific approach to learning
had better problem-solving skills than those who used other approaches [8]. Another study
revealed that many students did not use a clear approach and relied on a memory-based
method for solving problems [27]. The findings indicate that they do not apply physics
concepts in problem-solving and generally only use memorized equations related to
problems they have encountered before. Based on the results of these studies, the main
focus of this study is to explore the application of students' physics concepts in problem-
solving based on the application of inquiry learning.

There are three theoretical frameworks that can be used in assessing students'
concepts application in problem-solving, namely naive theory or misconception view,
knowledge in pieces or resource theory, and ontological categories view [7]. In this
research, the analysis of students' concepts' application in problem-solving is conducted
using resource theory. Analysis using resource theory is carried out because only a few
studies analyze the students' conceptual understanding using this theory. Several studies
focused on analyzing the concepts of energy [28], force [29], wave [2], and rotational
dynamics [30].

This study brings novelty by focusing on the application of resource theory to
analyze students' conceptual understanding in problem-solving, particularly in a broader
and more diverse context beyond previously researched topics such as energy, force,
waves, and rotational dynamics. This approach enables a deeper exploration of how
students gradually build their conceptual understanding and flexibly utilize their cognitive
resources when faced with new problems [30], [31]. Thus, this study aims to provide new
insights into understanding the role and interaction among students' cognitive resources,
which have not been widely explored in previous research.

The purpose of this study is to explore students' conceptual errors in problem-solving
related to electrical circuits after experiencing inquiry-based learning. This article is
important for students and lecturers to read, as few lecturers pay attention to students'
cognitive resources during the learning process. In fact, to fully understand a concept,
students must be able to effectively apply their resources.

2. METHOD

This research used a mixed method with explanatory models. The research subjects
were the second-year undergraduate students of the Department of Physics Education,
Faculty of Education, Jambi University. There were 32 students, 24 females and 8 males.
The sampling was done using the purposive sampling technique. This technique allows
researchers to focus on a group of students with a sufficient level of understanding to be
further explored, making the results more relevant and representative. After receiving
consent from students, the research was conducted.

Data in this study were obtained through tests and interviews. Tests were carried out
using seven items of reasoned multiple-choice questions developed from DIRECT [33].
However, this article focused on analyzing two questions that are adjusted to the focus of
the study, which is related to determining the brightness of a lamp in a circuit. The use of
two questions is intended to maintain a focused, in-depth analysis and avoid excessive
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cognitive load on students. With just two questions, students can give optimal attention to
each concept without feeling rushed, allowing for more reflective and accurate reasoning.
The use of reasoned multiple choice questions aims to obtain complete information related
to students' concepts application in problem-solving. The interview was conducted to
confirm the student's unclear explanations. Interviews were conducted with all students for
whom unclear or incomplete information was identified in the test results. The research
design used in this research is shown in Figure 1.

Quantitative data
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Figure 1. Research Design [32]

The research began with implementation of the inquiry learning. After receiving
ethics approval, the research was conducted. The inquiry steps consist of (1) Asking
questions, (2) Planning and conducting an investigation, (3) Gathering and analyzing data,
(4) Developing a data-based/evidence-based explanation, and (5) Communicating about
the investigation [34]. The second stage was a test and interview. The test was conducted
as a form of the initial stage of collecting data on students' concepts application in problem-
solving. Meanwhile, interviews were conducted to confirm answers to student test results
that were not clear. This is done so that the data on students' concepts application in
problem-solving obtained are deeper.

Analysis of students' concepts application in problem-solving is based on data on the
suitability of students' answers with multiple choice and reasons. The assessment was
carried out using a rubric developed by Zacharia and de Jong [12]. Each correct answer for
one multiple choice will get a score of 1, while students who provide reasons or
explanations are given additional scores depending on how many supporting concept
criteria the reasons are found. Each correct concept found in the reasoning is given a score
of 0.5. Quantitative data analysis was carried out using paired t-test and effect size to
determine the operational strength of inquiry learning to improve students' concepts
application in problem-solving. Qualitative data analysis was carried out on students'
reasons for each number of questions and adjusted to the interview data.

Quantitative and qualitative data in this study were then combined and analyzed
together based on indicators to determine students' deeper understanding of concepts. The
stages of drawing conclusions are carried out as follows: (1) the multiple choice answers
of each student are grouped according to the choice they choose; (2) each answer choice
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is coded into several student reasons using the constant comparative method, (3) the results
of the test answers are adjusted to the results of the interviews; and (4) based on the results
of the coding, conclusions will be obtained regarding the students' concepts application in
problems solving.

3. RESULTS AND DISCUSSION

Two forms of electrical circuit problems were tested to express students' concepts'
application in problem-solving. The first problem is given in the context of the brightness
of two lights before and after the addition of a resistor arranged in series (Figure 2). The
second problem is given in the context of changing the brightness of the lights, which are
arranged in a series and parallel after the switch in the circuit is closed (Figure 3). In order
to solve these problems, some prerequisite knowledge that students must understand
includes (1) the concept of current, voltage, and resistance in series and parallel circuits
and (2) the concept of energy and electric power.

Identical light bulbs A and B are assembled with a battery as shown in Figure 1. If you add the
resistance C with the same magnitude as the resistance in light bulbs A and B in the circuit as in
Figure 2, the brightness changes of light bulbs A and B compared before adding resistor C are ...

A is remains the same, B is dimmer
A is dimmer, B is remains the same
A and B are brighter

A and B are dimmer

A and B are remain the same

o p0 oW

Figure 2. Problem Number 1

In the picture below, the identical three light bulbs with the magnitude of the resistance in each lamp
are 10 Q assembled with a voltage source 12 V. At first the switch on branching of light bulb C is
open. If the switch is closed, the brightness changes of lights A and B are ...

A isremains the same, B is dimmer
A is brighter, B is dimmer

A and B are brighter

A and B are dimmer

A and B are remain the same

o a0 oD

Figure 3. Problem Number 2

The results show that there were differences in students' concepts application in
problem-solving before and after learning with inquiry. The paired t-test result score shows
a t-value of 2.54 with a significance level of 0.021. The effect size of 0.71 is included in
the medium category. It shows that inquiry learning has a moderate influence on improving
students' concepts and application in problem-solving. These results indicate that inquiry
learning provides more opportunities for students to improve conceptual understanding
[35], [36]. These results are similar to the findings [37], showing that inquiry-based
learning can be efficiently used to enhance students' deep understanding of science
concepts. Meanwhile, this result is different from the previous research on temperature and
heat topics, which stated that there was a very high increase in the students' conceptual
understanding when they were involved in learning with inquiry and virtual simulation
[12], [38].
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The results of the identification of the interpretation of test data and interviews
explain that the cause of the effect given inquiry learning is still in the medium category is
that students still believe in the wrong concept that they believe even though they have
been given inquiry learning. These results are in accordance with the theory, which
explains that many students still use initial understanding when solving problems that lead
to conceptual errors [1], [7]. In addition, some students understand the concept, but they
cannot apply it in the correct context. This is because student knowledge is still in the form
of pieces of knowledge that cannot be fully activated [7], [30], [31]. A detailed explanation
of the findings of this research is as follows.

The first problem was used to assess the student's understanding in determining the
brightness changes of two light bulbs arranged in series after adding resistance between
the two light bulbs (Figure 2). To successfully solve these problems, students have to
connect the following concepts: (1) The magnitude of current at each point is the same on
series, while the voltage is divided according to the magnitude of resistance in each lamp;
(2) The concept of Ohm's law is the greater the resistance in the circuit, the less current

2
will be; and (3) the concept of electric power, namely = V?, P=I?RdanP =VI.

Students who answered the questions correctly with appropriate reasoning proved
that they were able to connect the concepts. The variation in students' applied knowledge
is presented in Table 1. The test results show that 9.4% of students chose answer A for
question number 1. A deeper examination through interviews revealed that these students
believed bulb A would remain equally bright while bulb B would dim after adding a
resistor to the circuit. Students who chose this answer fell into two categories of arguments,
as shown in Table 1. Students in Category 1 reasoned that bulb A would remain equally
bright because it receives energy first compared to bulb B, while bulb B would dim because
it receives less energy. They believed this was due to the electrical energy provided by the
battery being used by bulb A and the resistor. However, this reasoning is not in accordance
with Kirchhoff's law [39].

Table 1. The Distribution of Student Answers and Applied Concepts to Answer Problem Number 1 After
Learning with Inquiry

Choices N Category Applied Concepts

A 3 (9.4%) 1 e The energy in the circuit will flow first to the A bulb. Even though the
resistance is added, the brightness of the A bulb will remain the same.
o At B bulb, the light will dim because it gets a little energy because of

the energy used by the resistance.

2 e The A bulbs in circuits 1 and 2 are equally bright because the same
current feeds them. However, the brightness of the B bulb in both
circuits is different because a resistance has been added in circuit 2.
This causes the current that flows through the B bulb on circuit 2 to
decrease

B

C 2 (6.3%) Unclear

[ERN

D 20 (62.5%) e The addition of resistances increases the total resistance
e The greater the total resistance, the smaller the current is, so that the
light dims.

e The brightness of A and B bulbs is caused by flowing currents and
voltages associated with electrical power.
2 e In both circuits arranged in series, the current for each bulb is the same,
while the voltage is divided.
e In circuit 2, additional resistances decrease the current, reducing the
power.

E 7 (21.9%) Unclear
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Based on these thoughts, we can identify the concepts applied by students in
choosing answer A, category 1. First, students determined that the bright lights are caused
by the energy given by the battery at each bulb. The knowledge applied by the students is
correct, but they did not apply Kirchoff's law about energy conservation to solve the
problem. This result also shows that students have basic mistakes, namely, being unable
to apply the concepts of current, voltage, and resistance in a series. Students argue that the
bulb closest to the positive pole of the battery will get more energy than others. The
students' thinking who chose A Category 1 is almost the same as students who chose A
Category 2. Still, students who chose A Category 2 argued that the brightness of a bulb is
only influenced by the magnitude of the current. They ignored the concepts of voltage,
resistance, energy, and electrical power. Students who choose answer A category 2 treat
bulbs in one loop depending on the direction of the current flow. It means that the bulbs
closest to the positive of the battery will light up brighter than others [39]. These results
prove that students who choose answer A fail to use concepts in solving problems.
According to the theory of misconception, students fail to solve problems because the
knowledge they have is not in accordance with scientific concepts [30], [31], [40].
According to resource theory, students' failure to solve problems does not mean that
knowledge has a fault but is not activated in the right context [41].

A total of 62.5% of the test students chose answer D, which means that lights A and
B will dim after adding a resistor. D is the correct answer to all the answer choices provided
in this case, but students who choose D did not necessarily use the right concept. The
interview results in two categories of student arguments that chose the answer D. Students
who chose the D category 1 argued that adding a resistor in a circuit would increase total
resistance in the circuit. Increasing resistance in the circuit causes the current to flow
smaller and smaller. A resource that students apply is a true concept, but it is not
appropriate to solve the problem in this case because many students misunderstand the
brightness of the bulb in the series. Students still find it difficult to understand that electric
power causes the brightness of a bulb in a circuit.

Students who chose the D category 2 applied the right concept. An example of the
results of a student's answer is presented in Figure 4. First, they argue that the brightness
of the bulb is influenced by the current flowing, the voltage, and the resistance associated
with the concept of electric power. Second, students can determine that the circuit formed
before and after adding a resistor is a series circuit so that the amount of current flowing at
each bulb is the same and the voltage is divided according to the magnitude of the
resistance in the bulb. Third, students use Ohm's law that when a resistor is added to a

circuit, the total resistance will increase. This causes the magnitude of the current to be
2

smaller and smaller. Fourth, from all these concepts, by connecting with equations P = %

P = I?R, and P = VI, they found that the bulb dims after adding a resistor.

The research results indicate that although the majority of students (62.5%) chose
the correct answer (D) with the assumption that the bulbs would dim after adding a resistor,
not all of these students understood the concepts correctly. In the D category one responses,
students reasoned that adding a resistor increases the total resistance, which results in a
decrease in current in the circuit. Still, they could not accurately connect this decrease in
current to changes in the brightness of the bulbs. This finding is consistent with the
observation that students' understanding of the relationship between current, resistance,
and bulb brightness is often limited to a single concept, which makes it difficult for them
to apply this understanding in more complex series circuit contexts [42]. Furthermore,
similar studies have revealed that this limitation arises from a lack of conceptual
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understanding of electrical power as a factor affecting the brightness of bulbs in electrical
circuits [43].

Students in Category 2 were able to apply concepts more comprehensively and
accurately. They understood that the brightness of the bulbs is influenced by electrical
power, which is a function of current, voltage, and resistance in the circuit, and successfully
identified that adding a resistor would increase the total resistance and decrease the current
flowing through the bulbs. These findings align with research, which states that students'
understanding of electrical power concepts improves when they also master the
relationship between Ohm's law and power equations [44]. This indicates that students
with a comprehensive understanding of electrical power concepts are better able to predict
changes in circuit conditions and explain bulb brightness with logical reasoning.
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Figure 4. The Students’ Correct Answer on Problem 1
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Problem number 2 was used to assess students' conceptual understanding in
determining the brightness change of two bulbs in a circuit that is mixed in series and
parallel when the switch is opened and closed (Figure 3). To succeed in solving these
problems, students have to connect the following concepts: (1) the concept of currents that
in the series, the magnitude of the current at each point is the same, while in parallel
circuits, there is the distribution of electric current; (2) the concept that series is a voltage
divider circuit, whereas in parallel circuits the magnitude of the voltage at each branch is
the same; (3) the concept of total resistance in series and parallel circuits; and (4) the
concept of energy and electric power.
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Only 37.5% of students have chosen the right answer and the right reason for this.
The interview results show that they have choice B, namely, bulb A is getting brighter, and
bulb B is getting dimmer, as shown in Figure 5. Students who gave the answer understood
and had the ability to apply the concepts of current, voltage, resistance, and power in
complex circuits, namely series, parallel, and mixed circuits. The others have chosen the
wrong answers by applying inappropriate concepts to the question context, as presented in
Table 2.

As many as 21.8% of students chose to answer A, which means that the brightness
of the A bulb will remain the same and the B bulb will dim when the switch in the circuit
is closed. Based on these thoughts, we can identify the students' conceptual understanding
in choosing answer A. First, students were able to determine that when the switch in the
circuit is opened, the C bulb does not get a current. Second, students find that due to the
absence of current flowing in the C bulb, the circuit formed is a series. If all the lights are
identical, the brightness of both A and B bulbs when the switch is opened is the same.
Students apply the correct knowledge, but when the switch is closed, there is a
misconception applied by the student. First, students argue that what affects the brightness
of the bulbs is only the amount of electricity. The concept applied by this student clearly
does not fit the context of the question. Secondly, students think that A bulb after the switch
is closed will remain as bright as A bulb before the switch is closed. It is because the A
bulb is electrified before the other bulbs. This opinion is one of two misconceptions that
students often make, namely that the current in a series will be exhausted [13], [16], [33].
In addition, students argue that the no change of voltage makes the current flowing in A
bulb will remain the same. In the B bulb, there is a division of current with the C bulb due
to a parallel circuit. The concepts applied by this student are incorrect concepts in this
question context. It showed that students find it difficult to understand why currents in
parallel circuits are larger than currents in series with the same component [45].

Table 2. Distribution of Student Answers and Applied Concepts to Answer Problem Number 2 After
Learning with Inquiry

Choice N Category Applied Concepts
A 7 1 ¢ When the switch is opened, no current flows on the C bulb, so the A
(21.8%) and B bulbs are equally bright.

e When the switch is closed, the A bulb will have the same light, while
the B bulb will fade due to the distribution of current.

B 12 (37.5%) 2 e When the switch is opened, the current does not flow on the C bulb.
The circuit formed is a series of circuits, so the magnitude of the
current through each bulb is equal to 0.6 A, and the voltage at each
bulb is 6V. This is because the bulbs are identical. The relationship
between current and voltage will produce power at each bulb of Pa
= Pb = 3.6 watts.

e When the switch is closed, a series and parallel current is formed,
with the current in the A bulb being 0.8 A and the B bulb being 0.4
A. The voltage in the A bulb is 8 V, and in the B bulb, itis 4 V. The
relationship between current and voltage will produce power at each
bulb of Pa = 6.4 watts and Pb = 1.6 watts.

C 5 (15.6%) 3 The current is greater when the switch is closed because the total
resistance value is smaller. This causes the A and B bulbs to get
brighter.

D 3 (9.4%) 4 A and B bulbs will dim when the switch is closed because the amount
of the total current in the circuit decreases.

E 5 (15.6%) 5 Unclear
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It is different with students who choose answers C (15.6%) and D (9.4%). They have
the same argument that what influences the brightness of a bulb in a circuit is the amount
of electric current. The knowledge applied by students is correct, but this knowledge is not
enough to solve case 2. Students who choose answer C only recognize the relationship of
current, voltage, and resistance through the concept of Ohm's law. Students apply this
when determining the total resistance in a mixture of series and parallel circuits. They
assume that when the switch is closed, a mixture of series and parallel circuits causes the
total resistance in the circuit to be smaller. The magnitude of resistance will affect the
magnitude of the current. As with students who choose D answers, they are unable to apply
the concept of resistance in series and parallel. Students argue that when the switch is
closed, a mix of circuits will cause the total resistance in the circuit to be larger even though
the bulbs are identical. This proves that one of the students' difficulties is misinterpreting
circuit diagrams [13], [33], [39]. In addition, students may not be familiar with the internal
structure of light bulbs in a circuit [39].
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Figure 5. The Students’ Correct Answer on Problem 2

The results of this study indicate that, although students were given inquiry-based
learning, many still experience difficulties in accurately applying physics concepts when
solving problems. This difficulty is evident from test and interview results, where most
students tend to memorize concepts without being able to deeply integrate them to address
more complex issues. While the inquiry method aids in improving conceptual
understanding, some students are still unable to effectively connect fundamental concepts
to new situations that require further analysis and critical thinking.

Students' difficulty in applying concepts after inquiry learning may stem from
limitations in deep conceptual understanding. In inquiry-based learning, students are
actively involved in the process of discovery and exploration. Still, without a strong
foundational understanding, they tend to struggle with problems that require the integrated
application of multiple concepts. According to recent research, inquiry learning often
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requires students to independently link previously learned concepts with new concepts in
complex scenarios [46], [47]. Without further guidance in building a structured
understanding, students may become confused when faced with problems requiring more
complex concept applications.

Additionally, students unfamiliar with inquiry learning may face challenges in
managing the critical and reflective thinking strategies necessary to solve problems
independently. Research shows that inquiry learning demands high metacognitive skills,
including the ability to monitor and evaluate their thinking process while working through
a problem [46], [48]. Students less skilled in metacognitive thinking often struggle to
identify effective problem-solving steps, preventing them from accurately applying
physics concepts to find solutions. This suggests that, although the inquiry method fosters
exploration skills, students still need additional support in building reflective thinking
skills to apply learned concepts effectively.

The results of this study align with the findings of Yuliati et al. [8], which
demonstrate that inquiry-based learning can enhance problem-solving skills in direct
current electricity topics. In that study, students who employed a scientific approach during
the inquiry-based learning process, particularly with the assistance of PhET simulations,
exhibited better problem-solving abilities compared to those who used memory-based
approaches or unstructured methods. These findings support the results of this study, where
inquiry-based learning showed a moderate impact (effect size 0.7) in improving students'
conceptual application. However, both studies also revealed that students' correct answers
do not always reflect deep conceptual understanding, highlighting the need for additional
strategies, such as scaffolding and interactive media, to address limitations in conceptual
application. Thus, this study reinforces evidence that the inquiry-based approach is
effective in enhancing conceptual understanding but requires further support for optimal
outcomes.

This study highlights the strength of applying resource theory to analyze students'
conceptual understanding, offering a novel approach in the context of electrical circuits. It
also effectively combines quantitative and qualitative methods, providing a comprehensive
analysis of students' conceptual application. However, limitations include a small sample
size from a single institution, the moderate impact of inquiry-based learning, and students'
difficulty in fully connecting concepts due to insufficient scaffolding and reflection
opportunities. To address these issues, it is recommended that instructors incorporate real -
world phenomena into teaching electrical circuits alongside structured reflection sessions
and scaffolding to deepen conceptual understanding and critical thinking. Additionally,
integrating interactive tools like PhET simulations can make abstract concepts more
accessible and engaging, enabling students to develop confidence and independence in
solving complex physics problems. Based on these findings, the instructor is advised to
provide real phenomena to students when teaching the concept of electrical circuits. This
can help students better understand the concept of electrical circuits and can connect
between concepts to solve problems.

4.  CONCLUSION

These results prove that inquiry learning has an effect on increasing students'
concepts application in problem-solving. However, there are still student errors in applying
the material to current, voltage, resistance, and electrical power in a circuit, especially in
determining the brightness of a lamp in a circuit. This error is caused by students' inability
to activate and connect their resources. The concept applied by students is not wrong, but
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it is not enough to provide information about the application of the concept. This is because
the resources activated by students are still not right.

These findings imply that future inquiry-based learning strategies should consider
additional support to help students more accurately apply concepts in problem-solving.
This can be achieved by adding reflection sessions and scaffolding designed to deepen
concept understanding and train the critical thinking skills necessary for problem analysis.
By providing gradual guidance or problem-solving strategies, educators can help students
overcome challenges in connecting existing concepts to new ones in the context of inquiry.
This approach not only enhances conceptual understanding but also encourages students
to be more confident and independent in applying physics concepts when facing problem-
solving challenges in the future.

AUTHOR CONTRIBUTION STATEMENT

CR contributed to the design of the research, the development of necessary
instruments, data collection, and the analysis of the research findings. RR contributed to
designing and developing the conceptual framework and learning procedures based on
relevant theories. MM contributed to integrating the designed conceptual and procedural
frameworks with the characteristics of the selected physics material, namely electrical
circuits, and assisted in preparing the assessment instruments. UY contributed to providing
essential guidance on writing systems, supervising the data collection process, and
analyzing and interpreting the research findings.

REFERENCES

[1] J. L. Docktor, N. E. Strand, J. P. Mestre, and B. H. Ross, “Conceptual problem
solving in high school physics,” Phys. Rev. Spec. Top. - Phys. Educ. Res., vol. 11,
no. 2, pp. 1-13, 2015, doi: 10.1103/PhysRevSTPER.11.020106.

[2] L. M. Goodhew, A. D. Robertson, P. R. L. Heron, and R. E. Scherr, “Student
conceptual resources for understanding mechanical wave propagation,” Phys. Rev.
Phys. Educ. Res, wvol. 15, no. 2, pp. 1-16, 2019, doi:
10.1103/PhysRevPhysEducRes.15.020127.

[3] M. G. Nugraha, I. Kaniawati, D. Rusdiana, and K. H. Kirana, “Combination of
inquiry learning model and computer simulation to improve mastery concept and
the correlation with Critical Thinking Skills (CTS),” AIP Conf. Proc., vol. 1708, no.
2016, pp. 1-6, doi: 10.1063/1.4941181.

[4] N. Nehru, W. Kurniawan, and C. Riantoni, “Exploration of students’ problem-
solving skills in physics-based on expert and novice categories,” in The
Mathematics, Science, and Computer Science Education International Seminar
(MSCEIS), vol. 1, no. 4, 2019, pp. 1-8, doi: 10.4108/eai.12-10-2019.2296469.

[5] sutopo, “Students’ Understanding of fundamental concepts of mechanical wave,” J.
Pendidik. Fis. Indones., wvol. 12, no. 1, pp. 41-53, 2016, doi:
10.15294/jpfi.v12i1.3804.

[6] V. Mesic et al., “Measuring students’ conceptual understanding of wave optics: A
Rasch modeling approach,” Phys. Rev. Phys. Educ. Res., vol. 15, no. 1, pp. 1-20,
2019, doi: 10.1103/PhysRevPhysEducRes.15.010115.

[7]1 J. L. Docktor and J. P. Mestre, “Synthesis of discipline-based education research in
physics,” Phys. Rev. Spec. Top. - Phys. Educ. Res., vol. 10, no. 2, pp. 1-58, 2014,
doi: 10.1103/PhysRevSTPER.10.020119.

[8] L. Yuliati, C. Riantoni, and N. Mufti, “Problem solving skills on direct current
electricity through inquiry-based learning with Phet simulations,” Int. J. Instr., vol.

462|Indonesian Journal of Science and Mathematics Education(lJSME)


https://journals.aps.org/prper/abstract/10.1103/PhysRevSTPER.11.020106
https://journals.aps.org/prper/abstract/10.1103/PhysRevPhysEducRes.15.020127
https://pubs.aip.org/aip/acp/article/1708/1/070008/884084/Combination-of-inquiry-learning-model-and-computer
https://eudl.eu/doi/10.4108/eai.12-10-2019.2296469
https://journal.unnes.ac.id/nju/JPFI/article/view/3804
https://journals.aps.org/prper/abstract/10.1103/PhysRevPhysEducRes.15.010115
https://journals.aps.org/prper/abstract/10.1103/PhysRevSTPER.10.020119

An analysis of students' concept .... | Cicyn Riantoni et al.

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

11, no. 4, pp. 123-138, 2018, doi: 10.12973/iji.2018.1149a.

E. Campos, E. Hernandez, P. Barniol, and G. Zavala, “Phenomenographic analysis
and comparison of students’ conceptual understanding of electric and magnetic
fields and the principle of superposition,” Phys. Rev. Phys. Educ. Res., vol. 17, no.
2, pp. 1-17, 2021, doi: 10.1103/PhysRevPhysEducRes.17.020117.

D. C. Aktan, “Investigation of students’ intermediate conceptual understanding
levels: The case of direct current electricity concepts,” Eur. J. Phys., vol. 34, no. 1,
pp. 33-43, 2013, doi: 10.1088/0143-0807/34/1/33.

P. Vreeland, “Analyzing simple circuits,” Phys. Teach., vol. 40, no. 2, pp. 99-100,
2002, doi: 10.1119/1.1457314.

Z. C. Zacharia and T. de Jong, “The effects on students’ conceptual understanding
of electric circuits of introducing virtual manipulatives within a physical
manipulatives-oriented curriculum,” Cogn. Instr., vol. 32, no. 2, pp. 101-158, 2014,
doi: 10.1080/07370008.2014.887083.

Z. J. Kock, R. Taconis, S. Bolhuis, and K. Gravemeijer, “Creating a culture of
inquiry in the classroom while fostering an understanding of theoretical concepts in
direct current electric circuits: A balanced approach,” Int. J. Sci. Math. Educ., vol.
13, no. 1, pp. 45-69, 2014, doi: 10.1007/s10763-014-9535-z.

D. P. Smith and P. van Kampen, “Teaching electric circuits with multiple batteries:
A qualitative approach,” Phys. Rev. Spec. Top. - Phys. Educ. Res., vol. 7, no. 2, p.
020115, Nov. 2011, doi: 10.1103/PhysRevSTPER.7.020115.

C. Singh and A. Mason, “Physics graduate students’ attitudes and approaches to
problem solving,” in AIP Conference Proceedings, 2009, vol. 1179, no. 2009, pp.
273-276. doi: 10.1063/1.3266734.

T. Minich, “Conceptualizing series and parallel circuits through 3-D modeling,”
Phys. Teach., vol. 43, no. 7, pp. 448-451, 2005, doi: 10.1119/1.2060644.

W. H. Baird, C. Richards, and P. Godbole, “Advanced imaging of elementary
circuits,” Phys. Teach., vol. 50, no. 9, pp. 561-562, 2012, doi: 10.1119/1.4767496.
R. G. Gunawan, F. Festiyed, Y. Yerimadesi, I. [lwandri, and R. G. Gunawan, “The
problem-based learning model integrated with the integrated learning model in
science learning: A systematic literature review,” Indones. J. Sci. Math. Educ., vol.
6, no. 2, pp. 227-237, Jul. 2023, doi: 10.24042/ijsme.v6i2.17576.

P. Hsu and L. Venegas, “Activity features of high school students ’ science learning
in an open-inquiry-based internship programme,” Int. J. Sci. Educ., vol. 1, no. 1, pp.
1-19, 2018, doi: 10.1080/09500693.2018.1479801.

Kadir, Lucyana, and G. Satriawati, “The implementation of open-inquiry approach
to improve students’ learning activities, responses, and mathematical creative
thinking skills,” J. Math. Educ., vol. 8, no. 1, pp. 103-114, 2017, doi:
10.22342/jme.8.1.3406.103-114.

S. A. Sotiriou and F. X. Bogner, “Education sciences how creativity in STEAM
modules intervenes with self-efficacy and motivation,” Educ. Sci., vol. 2, no. 1, pp.
2-15, 2020.

E. . Carl J.Wenning, “Experimental inquiry in introductory physics courses,” J.
Phys. Teach. Educ. online, vol. 6, no. 2, pp. 1-20, 2011.

I. Bilgin, “The effects of guided inquiry instruction incorporating a cooperative
learning approach on university students’ achievement of acid and bases concepts
and attitude toward guided inquiry instruction,” Sci. Res. Essays, vol. 4, no. 10, pp.
1038-1046, 2009.

G. Gunawan, A. Harjono, M. Nisyah, M. Kusdiastuti, and L. Herayanti, “Improving

Indonesian Journal of Science and Mathematics Education (IJSI\/IE)|463


https://www.e-iji.net/dosyalar/iji_2018_4_9.pdf
https://journals.aps.org/prper/abstract/10.1103/PhysRevPhysEducRes.17.020117
https://iopscience.iop.org/article/10.1088/0143-0807/34/1/33
https://pubs.aip.org/aapt/pte/article-abstract/40/2/99/273379/Analyzing-simple-circuits?redirectedFrom=fulltext
https://www.tandfonline.com/doi/full/10.1080/07370008.2014.887083
https://link.springer.com/article/10.1007/s10763-014-9535-z
https://journals.aps.org/prper/abstract/10.1103/PhysRevSTPER.7.020115
https://www.per-central.org/items/detail.cfm?ID=9502
https://pubs.aip.org/aapt/pte/article-abstract/43/7/448/274778/Conceptualizing-Series-and-Parallel-Circuits?redirectedFrom=fulltext
https://pubs.aip.org/aapt/pte/article-abstract/50/9/561/276830/Advanced-Imaging-of-Elementary-Circuits?redirectedFrom=fulltext
https://ejournal.radenintan.ac.id/index.php/IJSME/article/view/17576
https://www.tandfonline.com/doi/full/10.1080/09500693.2018.1479801
https://ejournal.unsri.ac.id/index.php/jme/article/view/3406

Cicyn Riantoni et al. | An analysis of students' concept ....

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

students’ problem-solving skills using inquiry learning model combined with
advance organizer,” Int. J. Instr., vol. 13, no. 4, pp. 427-442, 2020, doi:
10.29333/iji.2020.13427a.

I. Rahmat and S. Chanunan, “Open inquiry in facilitating metacognitive skills on
high school biology learning: An inquiry on low and high academic ability,” Int. J.
Instr., vol. 11, no. 4, pp. 593-606, 2018.

M. Ubaidillah, Hartono, P. Marwoto, Wiyanto, and B. Subali, How to improve
critical thinking in physics learning? A systematic literature review, vol. 2023, no.
28, pp. 161-187, 2023. doi: 10.7358/ecps-2023-028-ubai.

C. Riantoni, L. Yuliati, N. Mufti, and N. Nehru, “Problem solving approach in
electrical energy and power on students as physics teacher candidates,” J. Pendidik.
IPA Indones., vol. 6, no. 1, pp. 55-62, 2017, doi: 10.15294/jpii.v6i1.8293.

H. C. Sabo, L. M. Goodhew, and A. D. Robertson, “University student conceptual
resources for understanding energy,” Phys. Rev. Phys. Educ. Res., vol. 12, no. 1, pp.
1-28, 2016, doi: 10.1103/PhysRevPhysEducRes.12.010126.

J. Robertson, “The three Rs of action research methodology: Reciprocity,
reflexivity, and reflection-on-reality,” Educ. Action Res., vol. 8, no. 2, pp. 307-326,
2000, doi: 10.1080/09650790000200124.

I. Rahmawati, S. Sutopo, and S. Zulaikah, “Analysis of students’ difficulties about
rotational dynamics based on resource theory,” J. Pendidik. IPA Indones., vol. 6,
no. 1, pp. 95-102, 2017, doi: 10.15294/jpii.v6i1.9514.

Nehru, C. Riantoni, D. P. Rasmi, W. Kurniawan, and Iskandar, “‘Knowledge in
pieces’ view: Conceptual understanding analysis of pre-service physics teachers on
direct current resistive electrical circuits,” J. Educ. Gift. Young Sci., vol. 8, no. 2,
pp. 723-730, 2020, doi: 10.17478/jegys.695853.

Cresswell & Clark, Designing and conducting mix methods research. United State
America: SAGE Publication, 2017.

P. V. Engelhardt and R. J. Beichner, “Students’ understanding of direct current
resistive electrical circuits,” Am. J. Phys., vol. 72, no. 1, pp. 98-115, 2004, doi:
10.1119/1.1614813.

T. L. Contant, J. E. Bass, A. A. Tweed, and A. A. Carin, Teaching science through
inquiry-based instruction, 13th ed. Hudson Street: Pearson, 2018.

M. Vlassi and A. Karaliota, “The comparison between guided inquiry and
traditional teaching method: A case study for the teaching of the structure of matter
to 8th grade greek students,” Procedia - Soc. Behav. Sci., vol. 93, no. 1, pp. 494—
497, 2013, doi: 10.1016/j.sbspro.2013.09.226.

I. Adler, M. Zion, and E. Rimerman-Shmueli, “Fostering teachers’ reflections on
the dynamic characteristics of open inquiry through metacognitive prompts,” J. Sci.
Teacher  Educ.,, wvol. 30, no. 7, pp. 763-787, 2019, doi:
10.1080/1046560X.2019.1627060.

C. M. B. Tecson, M. A. Salic-Hairulla, and H. J. B. Soleria, “Design of a 7E model
inquiry-based STEM (ISTEM) lesson on digestive system for grade 8: An open-
inquiry approach,” in Journal of Physics: Conference Series, vol. 1835, no. 1, 2021,
pp. 1-8, doi: 10.1088/1742-6596/1835/1/012034.

Z. C. Zacharia and C. P. Constantinou, “Comparing the influence of physical and
virtual manipulatives in the context of the physics by inquiry curriculum: The case
of undergraduate students’ conceptual understanding of heat and temperature,” Am.
J. Phys., vol. 76, no. 4, pp. 425-430, 2008, doi: 10.1119/1.2885059.

M. R. Stetzer, P. van Kampen, P. S. Shaffer, and L. C. McDermott, “New insights

464|Indonesian Journal of Science and Mathematics Education(lJSME)


https://www.e-iji.net/dosyalar/iji_2020_4_27.pdf
https://www.ledonline.it/index.php/ECPS-Journal/article/view/5244
https://journal.unnes.ac.id/nju/index.php/jpii/article/view/8293
https://journals.aps.org/prper/abstract/10.1103/PhysRevPhysEducRes.12.010126
https://www.tandfonline.com/doi/abs/10.1080/09650790000200124
https://journal.unnes.ac.id/nju/index.php/jpii/article/view/9514
https://dergipark.org.tr/en/pub/jegys/issue/53184/695853
https://arxiv.org/abs/physics/0304040
https://www.sciencedirect.com/science/article/pii/S1877042813033296
https://www.tandfonline.com/doi/full/10.1080/1046560X.2019.1627060
https://iopscience.iop.org/article/10.1088/1742-6596/1835/1/012034
https://pubs.aip.org/aapt/ajp/article-abstract/76/4/425/1040292/Comparing-the-influence-of-physical-and-virtual

An analysis of students' concept .... | Cicyn Riantoni et al.

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

into student understanding of complete circuits and the conservation of current,”
Am. J. Phys., vol. 81, no. 2, pp. 134-143, 2013, doi: 10.1119/1.4773293.

J. J. Clement, “Students preconceptions in introductory mechanics,” Am. J. Phys.,
vol. 50, no. 1, pp. 10-66, 1982.

A. Elby and D. Hammer, “Epistemological resources and framing: A cognitive
framework for helping teachers interpret and respond to their students’
epistemologies,” Pers. Epistemol. Classr. Theory, Res. Implic. Pract., vol. 1, no. 3,
pp. 409434, 2010, doi: 10.1017/CB09780511691904.013.

M. M. Yunus, A. F. Amin, and R. A. Sari, “Analyzing students’ understanding of
electric circuits: The role of inquiry-based learning,” Eur. J. Phys. Educ., vol. 11,
no. 3, pp. 3040, 2020.

A.F. Amin, M. M. Yunus, and R. A. Sari, “Understanding the relationship between
current, voltage, and resistance in electric circuits: A study on students’
misconceptions,” Int. J. Sci. Math. Educ., vol. 17, no. 2, pp. 221-240, 2019.

A. Setiawan, H. Susanto, and A. Prabowo, “The importance of understanding the
concept of power in electrical circuits: Implications for teaching physics,” J. Phys.
Educ., vol. 5, no. 1, pp. 1-10, 2017.

A. Mason and C. Singh, “Using categorization of problems as an instructional tool
to help introductory students learn physics,” Phys. Educ., vol. 51, no. 2, pp. 1-5,
2016, doi: 10.1088/0031-9120/51/2/0250009.

A. Kadir and S. Nurhayati, “The effectiveness of inquiry-based learning to enhance
critical thinking skills and learning outcomes of senior high school students,” J.
Educ. Res., vol. 34, no. 2, pp. 123-136, 2019.

D. Firmansyah, A. Wahyuni, and I. Setiawan, “Exploring the challenges of inquiry-
based learning in science education: A case study in indonesian secondary schools,”
Int. J. Sci. Educ., vol. 43, no. 8, pp. 1153-1170, 2021.

M. Susanto and F. Wulandari, “Metacognitive skills and inquiry-based learning:
Their role in enhancing problem-solving abilities in physics education,” J. Educ.
Psychol. Sci., vol. 12, no. 4, pp. 276-289, 2020.

Indonesian Journal of Science and Mathematics Education (IJSI\/IE)|465


https://pubs.aip.org/aapt/ajp/article-abstract/81/2/134/1058010/New-insights-into-student-understanding-of?redirectedFrom=fulltext
https://psycnet.apa.org/record/2010-07731-013
https://iopscience.iop.org/article/10.1088/0031-9120/51/2/025009

