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In agreement with problem-solving skills, identifying conceptual understanding is an
supreme topic in physics. The purpose of this study was to analyze the conceptual
understanding of pre-service physics teachers, on direct current based electric matetial
“Knowledge in Piece” Theory. The study used a mixed-method approach with an
explanatory model with 148 pre-service physics teachers at Jambi University,
Indonesia. Data were collected using concept understanding tests and interviews. The
students were given a concept understanding test using reasoned multiple-choice
question developed to find out the understanding of student concepts, while
unstructured interviews were conducted to confirm student answers that were not
clear. Data analysis was done by using a rubric which has developed based on the
possible reasons for student” answer to the concept of direct current electricity. The
result of this study showed that understanding the concept of students in direct current
electricity material is still substandard, it is shown from the study data that only 6 people
out of 148 students can activate the concept propetly and entirely. The findings showed
that students’ understanding is still in the form of concept pieces. Students are not able
to connect concepts appropriately. When students are asked about sub-material, they
show a clear understanding, but when the problem is given as a whole, students are not
able to connect concepts to the sub-material that they understand correctly. The results
were interpreted that the students’ understanding had not been coupled coherently,
thus consequently that the less dominant resource would be delayed activating than the
more dominant resource.
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In this era of technological innovations, it is seen that countries that attach importance to science and technology are
developing rapidly and giving direction to science (Kalayci & Cockun, 2020). In this context, understanding the
concepts in learning science is very important to avoid misconceptions in students and is one of the requirements in
achieving success in learning science (Dewi & Andi, 2016). Understanding concepts is one of the keys to success in
studying science, especially physics because physics has a close relationship with facts, concepts, principles, laws, and
processes (Elisa et al. 2017; Oktalia et al. 2017). Besides, physics learning should be able to focus the students to

Introduction

master concepts by experiencing directly (Yuberti et al. 2019).

Students who came to campus is not empty. Instead, the student's head is already full of experience and knowledge
related to the lessons to be learned (Mosik & Maulana, 2010). Before acquire learning in the classroom, students have

their conception as a result of interpretation of the concepts of an object or phenomenon never observed. This
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knowledge is obtained from preschool education, which is the first place whete students' social relationships are built
on formal roofs and is an important place in student life (Ozturk & Tortop, 2019).

Understanding the concept of physics is the foundation for building physics problem-solving skills which when
already understand the concept, can be used to develop the ability to solve the problems (Lakuntu et al. 2017).
Understanding the basic concepts and relationships between concepts, and able to use the concept to solve the
problem is one of the objectives to be achieved in the study of physics and one of the ways to achieve such success is
to please physics (Docktor & Jose, 2014; Alia et al. 2017).

According to Ngoi & Vendracek (2004), the emphasis on understanding student concepts needs to be built in
building a curriculum. In understanding the concept three areas are the focus in the study of misconceptions, resource
theory or piece of knowledge and ontological (Docktor & Jose, 2014). Most studies were done that are related to
misconceptions (Sutopo, 2016), and a little study on the resoutce theory or Knowledge in the Piece "view (Sabo et al.,
2016).

“Knowledge in Piece"view or Resource Theory shows that students who fail to resolve the issue do not mean they
do not understand the concept, but they may have the right knowledge, but they failed to turn in the context of true
knowledge or knowledge they have still be bits pieces of knowledge (Docktor & Jose, 2014). This is because success
in activating the resource is highly dependent on context (Hammer, 2000; Docktor and Jose, 2014), because of their
knowledge is still in pieces and analyzed within the framework of knowledge in chunks (DiSessa et al. 1998; Jelicic et
al. 2017).

The concept of direct current electricity is an important study in the fields of physics and engineering. This material
is classified as complex because it examines the concept of Ohm's law, rules of series and parallel circuits, Kirchoff's
law, energy and electric power (Riantoni, 2017). For example, according to the study of Riantoni et al. (20106) revealed
that many students still have difficulty in understanding related to current, voltage, resistance, circuit diagrams and
electrical power in a simple circuit. Nugraha et al. (2013) also revealed that students' conceptions of direct current
electric circuits were still low, especially those related to the relationship in the circuit, Kirchoff's Law I and electric
fields and the discovery of misconceptions in direct current electric circuits including (a) the existence of an electric
current flowing in the circuit even though the switch has been disconnected, (b) the magnitude of the current passing
through the resistance in the series and parallel circuit is the same, and (c) the electric current flowing in the parallel
circuit at all points is the same.

Study-related to direct current electricity is mostly based on misconceptions, but less based on Knowledge in Piece
"view or resource theory. Some study on Knowledge in Piece "view or resource theory is more focused on
understanding the concepts of rotational dynamics (Rahmawati et al. 2017) and the concept of energy (Sabo et al.
2016). Therefore, a study of understanding student concepts based on the Knowledge in Piece "view needs to be

done.

Research Problem
Based on the introduction, the formulation of the problem in this article is "how is the understanding of students’

concepts related to direct current electricity based on knowledge in pieces theory?

Method
Research Design
This study is a mixed-method study with explanatory model design (Creswell & Clark, 2007). The study design used

in this study is shown in Figure 1.

QUAN data QUAN data QUAN Identity Qualdata
collection > analysis > result »  result for collection
follow-up

!

Interpretation qual Qualdata
QUAN —>qual < results < analysis

Figure 1.
Explanatory Design: Follow-up Explanation Model (QUAN Ewmphasized)
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Participants

The subjects of this study were S-1 physics education students at Jambi University, Indonesian. The total population
in this study was 456 students who had passed a basic physics course and basic electronics, with a total sample of
selected 148 (43 male and 105 female) physics education students. In addition, research subjects are around 19 to 21
years old. The sample selection is done by a purposive sampling technique (Creswell & Clark, 2007). Sampling for the
test was taken based on consideration of the students' basic physics scores. While the interview sample was chosen

based on unclear student exam answets.

Data Collection and Instrument

The data in this study were obtained through tests or dissemination of student concept comprehension questions,
which amounted to one multiple choice reasoned and interviewed item. Determining and Interpreting Resistive
Electric Circuit Concept Test (DIRECT): The instrument used was developed to evaluate the conceptual
understanding of high school students and eatly year students about electricity (Engelhardt & Beichner, 2004). Before
being used in the study, the items have passed the expert validation beforehand to find out the validity of the questions.
Based on the results of expert validation, all questions were declared valid with some improvements according to the
suggestions of the validator. After expert validation, the instrument is continued with field trials to determine empirical
validity and reliability. The results of the analysis of 1 item understanding of the concept obtained instruments meet
the requirements of validity with reliability is very good (Cronbach alfa coefficient 0.84). The test instrument is shown
in Figure 2.

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. A is remains the same, B is dimmer A B A C B
b. A is dimmer, B remains the same vt
c. Aand B are brighter

d. A and B are dimmer — ||

e. A and B remains the same

Figure 2.
Problem Items for Assessing Student Resource Activation on the Concept of Current Relationships, Potential Differences and Electric
Resistance in Circuits (Obm's Law)

After the test results were analyzed, the study continued with interviews. The interview guide contains questions
that are asked to a group of students based on answers to the understanding of the concepts provided on the test. In
the interview each student was asked to explain again how they process in getting answers during the test and confirm
the answers that are not clear. The purpose of the interview is to confirm student answers that are still unclear and to
explore deeper the types of approaches students use in solving dynamic electricity problems. An interview sheet guide
is presented in Figure 3.

When you are asked about number ....... you get answers ............ (according to
student answers). Can you explain your reasons or your thought processes in getting
the answers?

Figure 3.

Interview Question

Data Analysis

Data analysis techniques in this study were the results of tests and interviews were analyzed based on indicators to
determine students' understanding of concepts. Indicators ate arranged after answers from the student test results are
obtained. This is because the indicator must be based on the activation of resources used by students in answering
questions. Indicator will function to distinguish between students who are able to fully activate concepts and students
who still understand concepts in the form of concept pieces. Students who have a good understanding of the concept
and activation of the correct resource will be two possible forms of answers, namely (1) students answer with the
reason of using the concept of electric power, (2) students answer with a complete explanation related to the state of
current, resistance and voltage in the circuit in Figure 2.
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The data analysis steps are; (1) collecting data from test results, (2) after the data is collected, the data is grouped,
and answers are coded based on the number of students who answer the same answers with the same type of answer
categories. (3) Then the results of this test are tested and presented in the form of a percentage to map the
understanding of each student related to direct current electricity Then the final step is to conclude the understanding
of student concepts.

Qualitative data analysis of students' understanding of concepts was carried out based on interviews with student
answers that were not clear in the test. The analysis process is done by reducing the data from the interviews through
records that are adjusted to the results of quantitative data before the interview. This is done to obtain clearer and
mote complete data related to students' understanding of concepts. The results of the data reduction are encoded,
where the coding process is carried out due to grouping students who understand the concepts. Coding is based on
the criteria for the description of the answers and reasons of the students.

Results and Discussion
The problems given in this study aim to deny the understanding of the concept of prospective physics teacher students
about Ohm's Law (See Figure 2). To answer these problems, students need to understand the basic concepts of the

relationship between current, resistance and potential differences in an electrical circuit.

Table 1.
Distribution of Student Answers and Applied Concepts to Answer Problem
Choice N Category Applied Concepts N
The electric current that flows the voltage remains the
1 same as before and the resistor added or changing the 20 (13.5%)
A 43 (29%) lamp after wards will fade
Electrical resistance will affect the brightness of the lamp 1 (0.7%)
3 The electrical resistance affects only light B only 22 (14.8%)
B 1 1 If anvelectrical resistance is added to light A dims and B 1 0.7%)
0.7%) remains the same
C 1 1 Be?ause the electric current is directly proportional to the 1(0.7%)
(0.7%) resistance
1 Bth lights are difnm‘ed due to the addition of electrical 47 (31,8%)
resistance to the circuit
2 The more lights installed, the dimmer the lights will be 2 (1,3%)
Because lights A, B and C are series, that is the nature of
3 ’ ’ 24 (16,2
85 the current divider, when added resistance A and B fade (16,2%)
(57.4%) Because the electrical resistance is large and the current is
4 2 (1.3%)
the same
g When given a r?sistance the current flowing is smaller 6 (4%)
than without resistance
6 Unclear 4 (2.7%)
1 When the lamp is given resistance, the current flowing is 1 %0,7)
the same
The greater is given, the smaller the current generated,
15 2 while the greater the resistance the greater the voltage 4 (2,7%)
E
(10.1%) produced
3 Because it is a series 9 (6%)
4 Unclear 1 (0.7%)
No Answer 3 (2%)

Based on the results of the study in (See Table 1), there were 85 (57.4%) students who answered correctly (answer
D) but there were 5 types of reasons categories obtained from 148 students, namely (1) Students thought that both
lights dimmed due to the addition of obstacles in the circuit; (2) Students think that the more lights are installed, the
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more the lights will dim; (3) Students think that because lamps A, B, and C are series, that is, a current divider, when
added resistance A and B fades; (4) Because the obstacles are large and the currents are the same; (5) When given a
resistance the current flowing is smaller than without resistance. The fifth reason category is students who have the
right activation of resources and the rest still do not fully understand the concept. The interesting thing found was
that only 4% of students answered with the same answer in category 5, the rest gave incorrect answers. The proof is
43 students (29%) who answered answer A with 3 different categories of reasons. Furthermore, 0.7% of students gave
answers B and 0.7% answered C, and 10.1% answered E answers with 3 answer categories.

The number of students who are still not right in answering does not mean students do not understand the concept,
but they only know the pieces of the concept. This can be seen in the answers of students who answered D for reasons
of category 1. Students think that the two lights are dimmed due to the addition of obstacles in the circuit. The answer
is correct, but students do not indicate specific reasons why the lights dim when given obstacles. The student
conception is called an alternative conception. Alternative conceptions are conceptions that are not following generally
accepted scientific understanding (Wenning, 2008; Ipek & Calik, 2008). The students' conceptions can be right or
wrong. Students should be able to give reasons based on the effects that occur on current and voltage if added
resistance.

There are still many students who understand the concept in the form of pieces of concepts are also supported by

one example of interview data as follows:

Lecturer : When you answer the question, in your answer sheet shows that the lights dim when added obstacles. Try to explain
again from where you got such conclusions?

Student 2 If added resistance, the current automatically (lamp 1) changes, then the circuit becomes a series. If the series is the same,
the current is the same.

Lecturer 1 yes

Student 2 In my opinion, what causes dim lights is the voltage.

Lecturer 2 Is it only voltage?

Student : yes.

In the interview transcript it is very cleatr showing students' understanding of the concept of direct current
electricity is not yet intact and is still in the form of pieces of knowledge. Students assume that only the magnitude of
the voltage affects the light.

These results are consistent with the results of research conducted by Rahmawati et al. (2017) on the concept of
rotational dynamics showing that the students' resources had not been coupled coherently so that the less dominant
resource would be delayed to activate than the more dominant resource. In addition, research conducted by Singh
(2010) also shows that many students do not have a complete understanding of the electrical circuit, such as a small
error in determining the amount of electric current on the second side of a lamp in a series of which many students
still assume a different magnitude.

Some errors experienced by students are also supported by previous studies related to direct current electric
material, which shows that many students have difficulty in describing and interpreting circuit diagrams (Engelhardt
& Beichner, 2004; Kock, et al. 2014; Stetetzer et al. 2013) and confusion in understanding the concept of currents,
potential differences, and obstacles (Engelhardt & Beichner, 2004; Smith & Kampent, 2011; Kock et al. 2014).
Another mistake is that students argue that current and resistance are the main concepts, while stress is considered as
a consequence of the current and not as a cause (Pfister, 2004; Smith & Kampent, 2011). Besides, students use an
incorrect model of the concept of electric current which thinks that the current will decrease when it passes through
an obstacle (Kock et al. 2014; Engelhardt & Beichner, 2004).

The interesting thing in this study is that of all the students' answers, none of the students applied the concepts of
energy and electrical power in determining the brightness of lights. These results indicate that there is a fundamental
error that is owned by students, namely not being able to understand the concepts of energy and electrical power
which is the relationship between the concepts of current, voltage and resistance correctly. most students think that
what causes light is electric current and students think that the light bulb closest to the positive pole of the battery will
get more current than the others. This means that the light bulb that is closest to the positive battery will light brighter
than the others. These results prove that students fail to use the right concepts in solving problems. According to the
theory of misunderstanding, students who fail in solving problems are caused by the knowledge they have not in
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accordance with scientific concepts (Rahmawati et al. 2017; Clement, 1982). Whereas according to resource theory,
students failing to solve problems does not mean that knowledge has errors but is not activated in the right context.

Based on the results of the study and data analysis, it can be concluded that the understanding of student concepts
in direct current electric material is still not very good, this is indicated from the study data of only 6 people (4%) of
148 students who can activate the concept properly and completely. The findings show that student understanding is
still in the form of concept pieces. Students are not able to connect concepts properly. When asked about sub-material
students have an understanding, but when the problem is given complete enough students are not able to connect
every concept to the sub-material that they understand correctly.

Limitations of Study
Limitation in this study is that researchers have not collected data on all basic Physics material, but only focus on
direct current electricity. In addition, the cause of the low ability of student resource activation has not been identified
in depth.
Recommendations

For further studies, it is necessary to identify the understanding of student concepts with a "knowledge in piece" view
on different physics materials, such as mechanics and thermodynamics. This is so that in the future can be the basis
for determining appropriate learning techniques in learning physics. Based on these findings, the instructor is advised
to provide real phenomena to students in teaching the concept of direct current resistive electrical Circuits. This can
help students better understand the concept of direct current resistive electrical Circuits and can connect between
concepts to solve the problems.
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