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Abstract. In agreement with conceptual understanding, identifying problem-solving skills
is an important topic in physics. The purpose of this research was to explore students'
problem-solving skills based on expert and novice categories. The research used a mixed-
method approach with an explanatory model with 34 prospective physics teachers at Jambi
University, Indonesia. The data was obtained by using open-ended questions. Data were
collected using tests and interviews. Data analysis was done by using the rubric for physics
problem-solving skills. Problem-solving skills were classified into expert and novice. The
research showed that most students have problem-solving skills by novice categories. The
cause is the weak application of concepts in the problem-solving process. The research
concludes application of the concept in the process of problem-solving not well understood
by most students be the reason most students have categories novice ability in problem-
solving.
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1 Introduction

The main topics of research in the field of University physics education are conceptual
understanding, problem-solving, curriculum, and teaching, assessment, cognitive psychology,
attitudes and beliefs about teaching and learning [1]. Each topic has a theoretical description of
important parts that must be studied continuously. This is intended to find strategies so that
physics is easy to discuss.

One important topic of the six topics highlighted is problem-solving [13]. Problem-solving
is always highlighted in physics education because of the key components of physics learning
[1],[3]. Teachers in the physics field usulally pay great attention to the way students solve
problems because in the process of solving problems students can understand the concept of
understanding and one strategy to determine student achievement [2],[3],[4],[12]. Problem-
solving is generally used by physics teachers as a mechanism for teaching and evaluating the
material being studied [3],[4].

In the last decades, five frequently asked questions related to problem-solving include, (1)
solving expert and novice problems, (2) how examples of problem-solving and discussion, (3)
representations used in problem-solving, (4) ability mathematics in problem-solving, (5)
evaluating the effectiveness of strategies in problem-solving [1]. Of these five topics,
mathematical abilities and representations [3] used in problem-solving are most often discussed.
That is because research on representation in problem-solving has a long history [11] and many
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assumptions that assume students' difficulties in problem-solving are due to the lack of
mathematical skills. But an explanation of how physics knowledge is structured in memory is
still little discussed, especially concerning the memory structure of an expert and novice.

Some expert and novice research in problem-solving only focus on distinguishing
procedures between expert and novice. very little research has focused on the memory structure
of students in solving problems. This article aims to discuss how physical knowledge is
structured in memory adjusted to the expert and novice categories.

2 Method

This research is mixed-method research with explanatory model design [5]. The research
subjects were students of Physics Education at Jambi University who were studying electrical
material. The number of respondents was 35 students. Respondents were selected by purposive
sampling technique. The research design used in this study is shown in Figure 1.
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Fig. 1. Explanatory design: Follow-up Explanation model (QUAN emphasized).

Data collection is done by tests and interviews. The test instruments used were two
reasonable multiple-choice questions developed by researchers, which focused on dynamic
electric material. The choice of dynamic electric material is based on solving the problem of
this material requires the ability to connect between concepts is good, although the concepts in
dynamic electric material are very simple. The instrument has been reviewed by 2 lecturers of
UNJA Physics education and has gone through empirical tests, the results of which have
concluded that the instrument has high validity and reliability. The interview was conducted in
a structured manner based on the initial design that was prepared on the results of student tests.
The interview aims to explore deeper the students' problem-solving abilities. Meanwhile, data
analysis of test and interview results to explore the ability of students in the expert and novice
categories is based on the characteristics of experts and novices that have been compiled by
researchers from several theories expressed by several experts. The characteristics of experts
and novices are shown in Table 1. The process of data analysis was carried out in 2 steps, namely
(1) the data was analyzed based on test results using 3 reasoned multiple-choice questions, (2)
the test results were further corroborated by the results of interviews, interview data analysis
was carried out with reduce and then coded to support the test results based on the characteristics
of experts and novices.



Table 1. Characteristics of expert and novice.

Criteria Characteristics

Expert -

Novice -

Expert problem solving begins with analyzing the problem
qualitativelyto limit the problem and get the essence of the
problem[4],[6],[10]

Expert in categorizing and solving problems based on

relevant physical principles or concepts [4],[7].[9]

An expert applies physical concepts or principles in solving
problems inan organized way, using strategies to assess the
solution process and the final result [6],[7],[14]

Expert arrange their knowledge coherently and interconnectedly
[7]

Expert has many ways and representations to make it easier to
get a solution, where the set of ways leads to the right solution
[4]

Expert always has enough time in problem-solving [8]

Novice solves the problem of focusing on quantitative

values and tries to match them with mathematical

procedures or formulas [4],[6].[7]

Novice may do qualitative analysis, but it is not perfect and
does not do it directly [4],[6]

Novice solves problems not based on basic principles or
concepts of physics but based on variables and manipulation of
equations [7]

Novice does not have organized knowledge to solve problems,
they aresolving problems randomly and have little conceptual
meaning [10]

Novice has lost, weak or unrelated knowledge is very fast
getting intotrouble and slow in finding other alternatives in
solving problems [8],[10]

Novice sees the problem in pieces [10]

Novice has weakness in conceptual, mathematical skills, and the
ability to transfer knowledge [7]

3 Result and Discussion

Student's problem-solving skills are not only seen from the improvement of problem-
solving skills after learning is given, but also students' steps in the problem-solving process.
Exploring student steps in problem-solving is based on expert and novice criteria. This is
because developing the ability to become an expert in the problem-solving process is the main
goal of most physics learning [15]. Statistical data on students' problem-solving abilities are

presented in Figure 2.
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Fig. 2. Percentage of students' ability in solving problems based on the Expert and Novice categories.

The percentage of test results and interviews for each item in Figure 2 shows that most
students are categorized as novices in the problem-solving process. Students who are
categorized as novices in problem-solving characterize have weaknesses in conceptual
understanding, mathematics, and knowledge transfer skills and this is an obstacle for students
in solving problems [7]. To understand the reason that there are still very few students in the
expert category in solving physics problems, the following are presented various characteristics
of students in solving physics problems, especially dynamic electric material.

3.1 Students’ Problem Solving Skill For Number 1

The first problem is given in the context of changing the magnitude of the potential
difference around an obstacle that is arranged in a series and parallel mixture with a switch in
one of the branches being closed and opened. The results of the analysis found 17.1% of students
were categorized as experts in solving the problem and 82.9% were still in the novice category.
A summary of the student problem-solving process based on the results of the analysis is
presented in Table 2.

Table 2. Characteristics of Problem-Solving Process Problem Number 1 Based on Expert and
Novice Categories.

Student Problem-Solving Process Problem Number 1

Expert Novice

- 14.3% of students begin the problem- e 60% of students begin the process of
solving process by analyzing qualitative problem-solving by determining the known
problems and concepts. This is done with and asked variables related to the magnitude
a variety of representations, such as of the resistance and stress. 8.6%
qualitative arguments that explain the immediately manipulated the formula and
diverts that are opened, the series will be 14.3% of students did the problem-solving
series and those that are closed, then the process only with qualitative arguments
series will be parallel. Besides, some
students use series drawings, which are e The process of solving is not well organized
series drawings, the divert series is opened and tends to be random

and the mixed series is closed.

o 40% of students only explain the voltage on
R1 when the switch is closed and do not
explain the voltage on R1 when the switch is
opened. 20% of students thought that when

- 2.86% of students understand the
problem-solving process by making
variables understood and discussed



Student Problem-Solving Process Problem Number 1

Expert Novice
the switch was opened in a series of mixed
- Furthermore, students do the process of series and parallel there would be no current
manipulating formulas and mathematical flowing and 8.6% of students did not focus
in an organized manner. This can be seen on the problem. This can be seen from the
from students succeeding in finding total answers of students who do not match the
and current resistance, systematic and problem being asked.
interconnected voltage Students apply the
concepts in the problem-solving process. e Students do not apply concepts in the
This is consistent with the description and problem-solving process and focus on the
explanation of students in the series, so manipulation of formulas
the flow will be the same at each point.
While the switch compilation is closed e The conclusion obtained is wrong

there will be a parallel circuit with the
same voltage.

e Students have no difficulty in the
problem-solving process and get the
appropriate results that when the switch
has opened the voltage around R1 is 6
Volts and when the switch is closed the
voltage is 3.99 Volts.

¢ The conclusion obtained is correct that
the voltage drops when the switch in the
circuit is closed.

Based on Table 2, illustrates that students do not apply a scientific approach to the problem-
solving process. The proof can be seen from the absence of applied concepts, the problem-
solving process that is not well organized and tends to be random, and always starts by
determining the variables. Yet according to the theory of Walsh, Howard, and Bowe, the
characteristics of an expert in solving problems are to use a scientific approach. The steps of a
scientific approach include, (1) initiating the problem-solving process by analyzing the problem
qualitatively, (2) systematically planning and finding solutions, (3) applying the concepts in
each problem-solving process, and (4) always evaluating solutions has been given [10].

3.2 Students’ Problem Solving Skill for Number 2

The second problem is given in the context of applying the concepts of current, voltage and
electric power in a series of mixed series and parallel in two circumstances, namely the switch
is closed and opened. The analysis results obtained 11.4% of students who fall into the expert
category in solving the problem and 88.6% are still in the novice category. A summary of the
steps to solving students' problems in problem number 2 is presented in Table 3.



Table 3. Characteristics of Problem-Solving Process Problem Number 2 Based on Expert and

Novice Categories.

Student Problem-Solving Process Problem Number 2

Expert

Novice

11.4% of students begin the problem-
solving process by analyzing the
problem conditions qualitatively and
conceptually. This can be seen from the
decomposition of  students who
explained that when the switch is opened
the RA and RB lights will be arranged in
series and when the circuit is closed the
RB and RC lights will be parallel.
Besides that, some students also
described the shape of the circuit when
the switch was opened and when the
switch was closed.

Students write variables that are known
and asked about the amount of
resistance in the bulb and the voltage of
the source.

Furthermore, students carry out the
process of manipulating formulas and
mathematically in an organized manner.
This can be seen from the stage of
completion of students by looking for
total resistance, current, voltage, and
electrical power in a systematic and
interconnected way.

Students apply concepts in the problem-
solving process. This is following the
description and explanation of students
that when the switch has opened the
circuit that is formed is a series circuit
so that the current will be the same in
lights A and B while the voltage varies
depending on the amount of resistance.
Meanwhile, when the switch is closed
there will be a parallel circuit with the
same voltage.

3 students gave conclusions based on
current and voltage values. 1 student
gives a conclusion based on the value of
power on each lamp.

51% of students begin the problem-solving
process by making known and asked
variables related to the magnitude of the
resistance and voltage in the circuit

Furthermore, students focus on mathematical
and mathematical manipulation based on
known variables

The problem-solving process is not well
organized, not focused on problems and tends
to be random. This can be seen from several
stages of student completion which are
difficult to understand

7 students apply the concept in the problem-
solving process, but the concept applied is not
right. Students assume that the only electric
current is affected by the light. Besides, other
students believe that the light is just an
obstacle. 3 students assumed that when the
switch is opened at a branch, no current will
flow. 11 students did not apply the concept in
the problem-solving process and only
focused on the manipulation of random
formulas and mathematics.
- The  mathematical  results
conclusions obtained are wrong.
- 11.4% of students solve problems based
on expert behavior but are weak on
concepts. This can be seen from the
students' perception that what affects the
brightness of the lamp is only the electric
current
- 20% of students do problem-solving
with qualitative and logical arguments

and

5.7% of students did not answer case

Based on Table 3 shows that students in problem-solving tend to start the problem-solving
process by making variables known and asked. These characteristics indicate that students are



still categorized as novices in problem-solving. This is consistent with previous research, which
states that a novice in the problem-solving process focuses on quantitative values and tries to
match them with mathematical procedures [4][6]. Novice tends to solve the problem by directly
manipulating the equation [7]. The biggest weakness of a novice is that it does not include the
correct concepts of physics in problem-solving. Novice solves problems based on little
understanding and does not apply relevant concepts [8],[9].

4 Conclusion

Based on the results and discussion, it can be concluded that the category of students in the
problem-solving process is still categorized as a novice. This is because most students do the
problem-solving process based on the variables determined at the beginning, do not use
concepts, focus on formula manipulation and each step is not well organized. To further this
research, it is advisable to investigate the different steps of problem-solving or structured
physics knowledge in the memory of a lecturer and student.
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