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Abstract: This study aimed to describe students’ problem solving skill in nuclear physics
course through the implementation of the Nuclear Physics Inquiry Remote Laboratory
(NPIRL). This study used a quantitative pre-experimental study with one group pretest-
posttest design invelving 14 students at a university in Banjarmasin, South Kalimantan. In
selecting research subjects, this study used purposive sampling technique. The instrument
used was a problem-solving skills test in the form of an essay consisting of five questions
and each question consisted of six indicatars. The indicators were based on problem solving
ability, namely objective finding, fact finding, problem finding, idea finding, solution finding,
and acceptance finding. This research found that the N-gain of students' problem solving
skill was 0.32 in the medium category. N-gain based on each indicator of problem solving
skill that was in the medium categary were objective finding, fact finding, problem finding,
and idea finding, but in the low category was solution finding and acceptance finding. Based
on these findings it can be concluded that student problem solving skill in nuclear physics
course through NPIRL have increased.
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Introduction

Society has benefited a lot from the result of studies on nuclear technology. One of nuclear
technology that is widely used is radiation engineering. This radiation technigue has been widely used
in the medical world such as X-rays, Computerized Tomography (CT)-Scans, and radiotherapy (Hachiya
& Akashi, 2016) and in agriculture, like plant breeding, post-harvest handling, and pest control (Fu et
al., 2018). Radiation techniques are also used in industry and mining, i.e. to measure plate thickness,

pipe cracks, and the thickness of mine layers (Jho et al., 2014).

Nuclear technology also widely used in fission reaction utilization. This technology is utilized in

the energy sector, namely Nuclear Power Plants. Furthermore, it is also used in the military field,
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namely nuclear-powered submarines and the manufacture of nuclear weapons (Balart, 2017; Fu et al.,
2018). In addition, the type of nuclear technology that is also widely used is radioactive dating in
geology, archaeology, and anthropology, to estimate the age of fossils, artefacts, or other carbon-
containing objects (Fu et al., 2018).

Even though the utilization of nuclear technology has many benefits, people's mindset is still
dominated by the fear of taking risks (Bird et al., 2014). In society, nuclear is often associated with
danger and has negative effects (Bird et al., 2014; Kwok, T. F; Yeung, C.H; Xu, 2017; Mah et al., 2014;
Roh & Kim, 2017; Stefanelli et al., 2017; Sun et al., 2014; Yuan et al., 2015). Nuclear negative effects
on people's mindset can affect public acceptance of a country's nuclear technology utilization program
(Bird et al., 2014; Nguyen, V.P; Yim, 2018).

The emergence of challenges to the negative effects of nuclear can be answered through
education (Bhanthumnavin, D; Bhanthumnavin, 2014; Brown, 2018; Han, E O; Kim, J R; Choi, 2014;
Hartini & Liliasari, 2020; Hartini et al., 2021). The relation between an understanding of nuclear physics
and the world around it, is that a good understanding of nuclear physics helps prepare people to
participate in critical discussions in areas such as national security, energy policy, and environmental
protection (OECD, 2015).

Nuclear technology is found in the discussion of Nuclear Physics which is a branch of physics.
Nuclear Physics course at several the institute of teacher training in Indonesia are in the Introduction
to Nuclear Physics course (Hartini & Liliasari, 2020). Several studies have shown that students' high-
order thinking skills are in the low category in Nuclear Physics course (Cherney et al., 2005; Hartini &
Liliasari, 2020). Based on the results of a preliminary study conducted on 23 physics students at a
university in Banjarmasin, on one of the higher order thinking skills, namely problem solving skill, is
classified as low with an average score of 16.17 out of a maximum score of 100.

To overcome these problems, one form of lecture activity to train thinking skills is inquiry. Using
these activities students are assumed to be scientists who are conducting experiments, and therefore
higher-order thinking patterns can be built. The use of inquiry learning has a positive effect on problem
solving skills {Abaniel, 2021; Wu et al., 2021). One type of inquiry stage is the inquiry laboratory
activities(Wenning, 2005). The inquiry laboratory model can be used as a means to confront students'
preconceptions (Srisawasdi & Kroothkeaw, 2014)

Apart from that, in Nuclear Physics course, doing real laboratory activities is also difficult and
limited (Eddahby et al., 2019). In this practicum, sophisticated equipment is required, the equipment
is expensive, maintenance is difficult, and there are fears of being exposed to radiation when doing
the practicum (Delong et al., 2010; Karpudewan & Chong, 2018; Malkawi & Al-Araidah, 2013; Tiftikei
& Kocar, 2010). The development of information technology has changed the view of laboratory
activities towards the use of traditional laboratories. One of them is remote laboratory (RL). RL is an
activity conducted in a real laboratory that is connected to experimenters remotely via a network
(Bhute et al., 2021). RL provides extensive experiment accessibility without time constraints allowing
students to operate experiments remotely and manipulate experiment variables (Karpudewan &
Chong, 2018).

Remote laboratory activities for nuclear physics have been developed and implemented by
Malkawi & Al-Araidah, (2013) namely the use of the Internet Reactor Laboratory (IRL) between the
PULSTAR research reactor at North Carolina State University in the United States and the Department
of Nuclear Engineering at Jordan University of Science and Technology (JUST) in Jordan; Saldikov et al.,
(2017) developed the Open Web System of Virtual Labs for Nuclear and Applied Physics which is part
of the Cyber Learning Platform for Nuclear Education (CLPANET); Yakovlev et al.,( 2017) carried out the
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development of CLPANET by integrating it into educational technology; Karpudewan & Chong, (2018)
implemented Radioactivity Remote Laboratory Activities (RRLA); Syarip et al., (2018) developed
Kartini's Internet Reactor Laboratory (IRL) for nuclear education and training programs which were

then continued by Taxwim et al.,( 2020) that implementing IRL Kartini as a remote laboratory for

laboratory activities in the university; However, the results of research on remote laboratories in
Nuclear Physics have not yet trained the steps of inquiry in their implementation.

Based on these problems, a nuclear course physics program is presented using the principle of
inquiry and using a remote laboratory type, namely through the Nuclear Physics Inquiry Remote
Laboratory (NPIRL). From previous research using the Nuclear Physics Inquiry Virtual Laboratory
(NIVPL) it was obtained that lectures by implementing NPIVL could improve higher-order thinking skills,
namely critical thinking skills (Sri Hartini et al., 2022). The Nuclear Physics lecture program through
NPIRL is carried out in two stages. The first stage is the pre-laboratory stage, the inquiry stage that
trained open questions and scientific information. The second stage is the laboratory stage, the inquiry
stage that trained procedure or experimental design, data analysis, communication of results and
conclusions. At both stages, higher-order thinking skills are trained, namely problem solving.

Based on this background, research was conducted on problem solving skills in nuclear physics
course through NIPRL. The purpose of this study was to describe the problem solving skills of physics
students in nuclear physics course through NPIRL. This research is expected to contribute in equipping
students to have higher order thinking skills. Students who have high-order thinking skills can become

active citizens in solving problems facing the era of society 5.0.

Methed

This research used pre-experimental quantitative research. The research design is one group
pretest-posttest as shown in table 1.
Tablel. One group pretest-posttest research design
Pretest Treatment Posttest

01 X 0z

(Creswell&Guetterman, 2019).

with O1: pretest score before implementing the course program through NPIRL; O2: posttest score
after the implementation of the course program through NPIRL; and X: implementation of course
program through NPIRL.

The implementation of the course program through NPIRL was carried out by 14 physics
students at a university in the city of Banjarmasin. The selection of research subjects used a purposive
sampling technique. Before the implementation of the course program through NPIRL was carried out,
students first worked on a pre-test. Then after the implementation of the course program, students
did the post-test. Based on the results of the pre-test and post-test analysis, it can be seen the increase
in student problem solving skills. The indicators of problem solving skills used refer to The Osborn-
parnes Creative Problem Solving (CPS) Models namely objective finding, fact finding, problem finding,
idea finding, solution finding, and acceptance finding.

In collecting research data, an essay test instrument was used. There were five questions on
the test and each question consisted of six questions according to the problem solving skills indicator
from Osborn-Parnes. The increase in problem solving ability was determined by normalized N-gain
based on equation (1) (Hake, 1998):

_ %6 _ (%lsp)-%ls:)
S0 G (1005 n
with: (g} = normalized average gain; {G)= average actual gain; (G),,,= average maximum possible
gain; (sf)= average posttest score rata-rata; and (s,) = average pretest score.
The criteria for the normalized gain value (g} can be seen in table 2.
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Table 2. Normalized gain value criteria (Hake, 1998)

Value <g> Classification

<g> 20,7 High
0,7><g>=0,3 Medium

<g><0,3 Low

Results and Discussion

The purpose of this research was to describe the problem solving skills of physics students in
nuclear physics lecture course NPIRL. Problem solving skills are trained through the inquiry stage in
pre-laboratory and laboratory activities. The use of a remote laboratory in this study used a remote
laboratory from the Center of Science and Accelerator Technology (PSTA) of the National Nuclear
Energy Agency (Batan) of Indonesian National Research and Innovation Agency (BRIN), namely Kartini's
Internet Reactor Laboratory (IRL). The laboratory activities used in fission reactions course, namely
fission reactors, includes reactor power calibration, neutron flux measurement, control rod calibration,

fuel temperature reactivity coefficient and reactor criticality.

Figure 1. IRL Kartini in the reactor power calibration practicum

The normalized N-gain value was used to measure the increase in problem solving abilities.
The normalized value of N gain can be seen in Table 3.

Tabel 3. Normalized N-gain value

Pretest Posttest N-gain Category
4.73 35.48 0.32 Medium

Table 3 shows that the average post-test score increased when compared to the pre-test score
with a normalized N-gain of 0.32 in the medium category. This is inseparable from the implementation
of NPIRL in course programs. The NIPRL program is a course program based on inquiry-based
laboratory activities stages. The stages of inquiry laboratory activities at NPIRL to practice problem
solving skills are (1) open questions and scientific information: students formulate research questions;
(2) experimental procedure or design: students formulate practicum steps and design appropriate data
tables. Then students collect data using laboratory activities steps that have been made and organize
data in data tables; (3) data analysis: students carry out data analysis and interpretation; (4) results

communication; and (5) conclusion: draw conclusions based on the practicum results. Several studies
have shown that inquiry learning has a positive effect on problem-solving skills (Abaniel, 2021; Wu et
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al., 2021). Problem solving skills are also one of the important competencies expected of college
graduates (Klegeris et al., 2017).

Inquiry learning is learning using a constructivist approach. Based on this approach, students
carry out inquiry activities, namely asking questions and conducting investigations using various
resources (Abaniel, 2021). One of them is with digital technology (Wu et al., 2021). Digital technology
that can be utilized is the remote laboratory (RL). RL is a laboratory activities conducted in a real
laboratory that is connected to experimenters remotely via a network (Alkhaldi et al., 2016). Through
RL, students are given experience operating experiments independently, thereby encouraging
independent learning indirectly (Gréber et al., 2014), and fostering constructivism learning (Bhute et
al., 2021;Jona et al., 2015). Apart from involving digital technology, this lecture program involves a
nuclear facility, namely IRL Kartini from Batan BRIN Indonesia. Learning nuclear physics, especially
nuclear science and technology by involving nuclear facilities that have been developed in various
countries, can increase student and public knowledge about nuclear physics (Yakovlev et al.,
2017;Karpudewan & Chong, 2018).

There is an increase in the average posttest score to the pretest score based on Table 3, but the
increase in problem solving skills was not optimal because in each indicator of problem-solving skills
the increase was uneven. The N-Gain achievement of each indicator of problem-solving skills will be
described in Table 4.

Table 4. Achievement of problem-solving skills each indicator

Indicator of Problem-Solving Skill Pre test Post test N-Gain
Objective finding 8.32 58.57 0.55
Fact Finding 11.86 53.93 0.47
Problem Finding 6.64 50.00 0.46
Idea Finding 2.00 38.57 0.37
Solution finding 0.18 1179 0.12
Acceptance Finding 0.14 La3 0.01

Table 4 shows that the posttest results for each indicator increased compared to the pretest
results. From the results of the pretest, the largest indicator value of critical problem-solving skills was
fact finding and the smallest was acceptance finding. From the results of the posttest, the largest
indicator value of problem-solving skills was objective finding and the smallest was acceptance finding.
There was a difference between the results of the pretest and posttest, namely in the pretest the
largest indicator value was fact finding, while in the posttest, the largest indicator value was objective
finding. Table 4 also shows the N-gain which was in the moderate category in the indicators of objective
finding, fact finding, problem finding, and idea finding, while the solution and acceptance finding
indicators were in the low category.

Based on Table 4, the N-Gain value in the objective finding indicator is 0.55 in the moderate
category. Figure 2 is a representative answer from students on one of the questions for the question

items based on the objective finding indicators.
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Question: After reading the information above, in your opinion, what are the challenges faced by Rani in
calibrating the reactor power? Determine the main challenges faced by Rani.

Answer:

Challenge:

1. Determine the reactor power using the nuclear method

2. Determine the reactor power using the stationary calorimeter method

3. Determine the reactor power using the non-stationary calorimeter method

Main Challenge:

Determine the reactor power using the non-stationary calorimeter method.

Figure 2. Student answers to determine the challenges based on the description of the

challenges in the Reactor Power Calibration course.

Figure 2 is the students' answers to determine the challenges based on the description of the
challenges in the Reactor Power Calibration course. This question item aims to measure students’'
problem solving abilities on objective finding indicators. The stage of the indicator begins with
expressing thoughts and feelings about problems that are disturbing but still vague. Therefore,
students begin to be able to find the purpose of the problem. To reveal the problem, it can be done by
answering questions, what is the real problem or what exactly do you want to look for. In this section,
there are representatives that students are able to express the challenges faced in the description of
challenges regarding reactor power calibration, namely reactor power can be determined using the
nuclear method, the stationary calorimeter method and the non-stationary calorimeter method.
Students are able to determine the priority of challenges among the three challenges that have been
disclosed.

The N-Gain value from Table 4 for the fact-finding indicator is 0.47 in the moderate category.
Figure 3 is a representative answer from students on one of the questions items based on the fact-

finding indicator.

Question: What information do you think affected the situation that needs to be recorded? Prioritize the

information based on its impact on the challenges you prioritize.

Influential information:

1. Nuclear power calibration is carried out by measuring the neutron flux directly on each fuel element,
and can only be done at low power operation.

2. Calibration of power using the calorimetry method, namely measuring the temperature rise of the
cooling water caused by the heat of fission in the reactor core which is transferred to the cooling
water.

3. calibration by calorimetry there are two kinds, namely non-stationary and stationary. In the stationary
method, the reactor is operated with the cooling system running. In the non-stationary method, the
reactor is operated with the cooling system not running

Priority information:

There are two types of calibration by calerimetry, namely non-stationary and stationary. In the stationary

method, the reactor is operated with the cooling system running. In the non-stationary method, the

reactor is operated with the cooling system not running

Figure 3. Students' answers to determine the information that influences the description of the
challenges of the Reactor Power Calibration course.

Figure 3 is the students' answers to determine influential information based on the description of
the challenges in the Reactor Power Calibration course. In this section students were asked to register
all the facts in the reading material and determine priority facts. The stage on the indicator begins with

a state of chaos and the problem is still vague. Then proceed by listing all known facts about the
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problem to be solved and finding new data as needed. In this section, there were representatives in
which students were able to determine influential information based on the description of challenges
regarding reactor power calibration and were able to determine priority information/facts.

The N-Gain value from Table 4 for the problem finding indicator is 0.46 in the moderate
category. Figure 4 is a representative answer from students on one of the questions items based on

the problem finding indicator.

Question: what problems de you think might be faced? Determine the main problem based on the
challenges you prioritize

Possible problem:

1. How to determine the reactor power using the nuclear method?

2. How to determine the reactor power using the stationary calorimeter method?

3. How to determine the reactor power using the non-stationary calorimeter method?

Priority problem:

How to determine reactor power using non-stationary calorimeter method?

Figure 4. Student’s answer to determine the problem based on the description of the challenges in the

Reactor Power Calibration course.

Figure 4 is the student's answer to determine the problem based on the description of the challenge
in the Reactor Power Calibration course. In this section students were asked to be able to develop their
problems by finding sub-problems and problems can be reformulated or narrowed. Students were
asked to find problems and focus on becoming the main problem of the reading material. In this
section, there were some students who were able to determine problems based on the description of
challenges regarding reactor power calibration and were able to determine priority information/facts.

The N-Gain value from Table 4 for the idea finding indicator is 0.37 in the moderate category.
Figure 5 is a representative answer from students on one of the question items based on the idea

finding indicator.

Question: What ideas might be done to solve the problem? Explain! Find your main idea based on the

problem you choose

Possible ideas:

1. To determine the reactor power using the nuclear method by measuring the flux of neutrons in the
reactor core.

2, To determine the reactor power using the stationary calorimeter method is by measuring the
temperature of the water leaving and entering the reactor core

3. To determine the reactor power using the non-stationary calorimeter method is by measuring the
rate of rise of the tank water temperature at a constant reactor power level.

Selected main ideas:

To determine the reactor power using the non-stationary calorimeter method is by measuring the rate

of rise of the tank water temperature at a constant reactor power level.

Figure 5. Student’s answer to determine possible ideas based on the description of the challenges of

the Reactor Power Calibration course.

Figure 5 is the students' answers to determine ideas that might be carried out based on the
description of the challenges in the Reactor Power Calibration course. In this section, in finding ideas,
efforts are made to develop as many problem-solving ideas as possible. At this stage, brainstorming

techniques and checklists can be used to help find ideas by giving free rein to imagination and
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suspending criticism. The most important thing at this stage is to find lots of ideas. Students were asked
to find as many ideas as possible to solve reactor power calibration problems and determine the main
ideas to be solved. In this section there were student representatives who were able to find three ideas
based on the description of the challenges regarding reactor power calibration and chose the main
ideas to be resolved.

The N-Gain value from Table 4 for the solution finding indicator is 0.12 in the low category.

Figure 6 is a representative of the answers from students on one of the guestions items based on the

solution finding indicator.

Question: Find the ultimate solution based on the problem you are facing!

Solution:

The solution to determine the reactor power using a non-stationary colorimetric method, is by using the
dr

equation P = L
dt dt

Figure 6. Student’s answer to determine solutions that are carried out based on the problems faced

by the description of the challenges of the Reactor Power Calibration course.

Figure 6 is the students' answers to determine possible solutions based on the description of
the challenges in the Reactor Power Calibration course. In this section, previously found ideas were
selected based on the evaluation criteria concerned with the problem. The idea that is considered
important is the idea that is closest to the criteria. In this section most of the students were unable to
strengthen ideas and formulate the main solutions for reactor power calibration.

N-Gain value from Table 4 for the acceptance finding indicator is 0.01 in the low category.
Figure 7 is a representative answer from students on one of the question items based on the

acceptance finding indicator.

Question: What are the strengths and weaknesses of the solution you offer? Explain!
Strength: when measuring the temperature rise of the reactor water the reactor cooling system was not
operated

Figure 7. Student’s answer to determine the strengths and weaknesses of the solutions offered based

on the description of the challenges of the Reactor Power Calibration course.

Figure 7 is the students' answers to determine the strengths and weaknesses of the solutions
offered in the Reactor Power Calibration course. In this section, students found acceptance or the
implementation stage, an action plan was prepared so that other people can accept the idea and
implement it. In this section most students were unable to identify the strengths and weaknesses of
the solutions offered in reactor power calibration. They only wrote down the strengths of the solution

and did not write down the weaknesses of the solution offered.

Based on the results of the study, the N-Gain on objective, fact, problem, and idea finding
indicators is in the medium category. According to Holt, (2018) and Swanson & Collins, (2018) the
stages in the thinking process begin with the stages of forming understanding, then forming opinions,
and forming conclusions. In this case students have been able to form a good understanding. This can
be done by preparing the preparatory stage, namely formulating important information about the
challenge description and re-reading the challenge description. The aim is to establish the author's
intent by using the information available in the text and assisted by the students' prior knowledge and

experience (Yazdanpanah, 2007).
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Based on the research results, the N-Gain indicators of problem finding and acceptance finding
are in the low category. Students have difficulty finding ideas in solving problems using the right
solution. People who can find varied problem solving strategies are good problem solvers (Leung &
Kember, 2003; Cheng et al., 2018). Problem solving skills are the ability to find solutions through the
process of obtaining and organizing information (Hull et al., 2013). In problem solving skills, to form
knowledge requires various cognitive activities in obtaining and organizing information (Cheng et al.,
2018; Wu et al.,, 2021). In solving problems, invelving previous and new knowledge, namely by
activating previous knowledge with new knowledge so that it can solve problems (Wu et al., 2021)

Conclusion

Based on the results of the study, the N-Gain results of students’ problem-solving skills were 0.32
in the medium category. The N-gain results for each indicator of problem-solving skills in the medium
category are objective finding, fact finding, problem finding, and idea finding and in the low category
are solution finding and acceptance finding. Based on these findings it can be concluded that students'
problem-solving skills in nuclear physics course through NPIRL have increased. This research has
limitations that was carried out at a limited trial stage and the course was only on fission reactions. For
further research, it can be implemented in broader research and implemented in other higher-order
thinking skills.
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Abstract: This study aimed to describe students’ problem solving skill in nudear physics
course through the implementation of the Nuclear Physics Inquiry Remote Laboratory
[MPIRL). This study used a quantitative pre-experimental study with one group pretest-
posttest design involving 14 students at a university in Banjarmasin, South Kalimantan. In
selecting research subjects, this study used purposive sampling technique. The instrument
used was 3 problem-solving skills test in the form of an essay consisting of five questions
and each question consisted of six indicators. The indicators were based on problem solving
ability, namely objective finding, fact finding, problem finding, idea finding, solution finding,
and acceptance finding. This research found that the N-gain of students' problem solving
skill was 0.32 in the medium category. N-gain based on each indicator of problem solving
skill that was in the medium category were objective finding, fact finding, problem finding,
and idea finding, but in the low category was solution finding and acceptance finding. Based
on these findings it can be concluded that student problem solving skill in nuclear physics
course through NPIRL have increased.

Keywords: problem sclving skills, NPIRL, nuclear physics
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Introduction
bociet'ﬂI has benefited a lot from the result of studies on nucdlear technology. One of nuclear
technelogy that is widely used is radiation i ing. I‘I’his radiation technigue has been widely used d [101]: Tambahlan referensi terkait ini

in the medical world such as X-rays, Computerized Tomography (CT)-5cans, and radictherapy (Hachiya
& Akashi, 2016) and in agriculture, like plant breeding, post-harvest handling, and pest control (Fu et
al., 2018). Radiation techniques are alse used in industry and mining, i.e. to measure plate thickness,
pipe cracks, and the thickness of mine layers (lho et al_, 2014).

Nuclear technology also widely used in fission reaction utilization. This technology is utilized in
the energy sector, namely Nuclear Power Plants. Furthermore, it is also used in the military field,
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Table 2. Normalized gain value criteria (Hake, 1998)

Value <g> Classification
<g= =07 High
0,7><g>=0,3 Medium
<g><0,3 Low

Results and Discussion
The purpose of this research was to describe the problem solving skills of physics students in
nuclear physics lecture course NPIRL Problem solving skills are trained through the inquiry stage in
pre-laboratory and laboratory activities. The use of a remote laboratory in this study used a remete
laboratory from the Center of Science and Accelerator Technology (PSTA) of the National Nuclear
Energy Agency (Batan) of Indonesian National Research and Innovation Agency (BRIN), namely Kartini's
Internet Reactor Laboratory (IRL). The laboratory activities used in fission reactions course, namely
fission reactors, includes reactor power calibration, neutron flux measurement, control rod calibration,

fuel temperature reactivity coefficient and reactor criticality.

[105]: Bisakah gambar lebih jelas lasi”

i in the reactor power calibration practicum

d [106]: Tolang dissiukan diu di kalimat

[Figure 1. |RL Kart

The normalized N-gain value was used to measure the increase in problem solving abilities.

The normalized value of M gain can be seen in Table 3.
Tabel 3. Normalized N-gain valus
Category

Pretest  Posttest N-gain
35.48 0.32 Medium

473

Table 3 shows that the average post-test score increased when compared to the pre-test score

with a normalized N-gain of 0.32 in the medium category. This is inseparable from the implementation
of NPIRL in course programs. The NIPRL program is a course program based on inquiry-based

laboratory activities stages. The stages of inquiry laboratory activities at NPIRL to practice problem
solving skills are (1) open questions and scientific information: students formulate research questions;
{2) experimental procedure or design: students formulate practicum steps and design appropriate data
tables. Then students collect data using laboratory activities steps that have been made and organize
data in data tables; (3) data analysis: students carry out data analysis and interpretation; (4) results
communication; and (5) conclusion: draw conclusions based on the practicum results. Several studies
have shown that inquiry learning has a positive effect on problem-solving skills {Abaniel, 2021; Wu et
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al, 2021). Problem solving skills are also one of the important competencies expected of college
graduates (Klegeris et al, 2017).

Inguiry learning is learning using a constructivist approach. Based on this appreach, students
carry out inguiry activities, namely asking questions and conducting investigations using various
resources (Abaniel, 2021). One of them is with digital technology (Wu et al., 2021). Digital technology
that can be utilized is the remote laboratory (RL). RL is a laboratory activities conducted in a real
laboratory that is connected to experimenters remotely via a network (Alkhaldi et al., 2018). Through
RL, students are given experience operating experiments independently, thereby encouraging
independent learning indirectly (Graber et al., 2014), and fostering constructivism learning (Bhute et
al., 2021;Jona et al., 2015). Apart from involving digital technology, this lecture program involves a
nuclear facility, namely IRL Kartini from Batan BRIN Indonesia. Learning nuclear physics, especially
nuclear science and technology by involving nuclear facilities that have been developed in various
countries, can increase student and public knowledge about nuclear physics (Yakovlev et al,
2017;Karpudewan & Chong, 2018).

There is an increase in the average posttest score to the pretest score based on Table 3, but the
increase in problem solving skills was not optimal because in each indicator of problem-solving skills
the increase was uneven. The N-Gain achievement of each indicator of problem-solving skills will be
described in Table 4.

Table 4 Achievement of problem-salving skills sach indicator

Indicator of Problem-Solving Skill Pre test Post test N-Gain
Objective finding &3z 58.57 055
Fact Finding 1186 53.53 047
Problem Finding 664 50.00 046
Ides Finding 2.00 38.57 037
Solution finding 018 1173 012
Acceptance Finding 0.14 143 001

Table 4 shows that the posttest results for each indicator increased compared to the pretest
results. From the results of the pretest, the largest indicator value of critical problem-solving skills was
fact finding and the smallest was acceptance finding. From the results of the posttest, the largest
indicator value of problem-solving skills was objective finding and the smallest was acceptance finding.
There was a difference between the results of the pretest and posttest, namely in the pretest the
largest indicator value was fact finding, while in the posttest, the largest indicator value was objective
finding. Table 4 also shows the N-gain which was in the moderate category in the indicators of objective
finding, fact finding, problem finding, and idea finding, while the solution and acceptance finding
indicators were in the low category.

Based on Table 4, the N-Gain value in the objective finding indicator is 0.55 in the moderate
category. Figure 2 is a representative answer from students on one of the questions for the question
items based on the objective finding indicators.
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Question: After reading the information above, in your opinion, what are the challengas faced by Rani in
calibrating the reactor power? Determine the main challenges faced by Rani.

Answer:

Challenge:

1. Determine the reactor power using the nuclear method

2. Determine the reactor power using the stationary calorimeter method

3. Determine the reactor power using the non-stationary calorimeter method
Main Challenge:
Determine the reactor power using the non-stationary calorimeter method.

Figure 2. Student answers to determine the challenges based on the description of the
challenges in the Reactor Power Calibration course.

Figure 2 is the students' answers to determine the challenges based on the description of the
challenges in the Reactor Power Calibration course. This question item aims to measure students’
problem solving abilities on objective finding indicators. The stage of the indicator begins with
expressing thoughts and feelings about problems that are disturbing but still vague. Therefore,
students begin to be able to find the purpose of the problem. To reveal the problem, it can be done by
answering questions, what is the real problem or what exactly do you want to look for. In this section,
there are representatives that students are able to express the challenges faced in the description of
challenges regarding reactor power calibration, namely reactor power can be determined using the
nuclear method, the stationary calorimeter method and the non-stationary calerimeter method.
Students are able to determine the priority of challenges among the three challenges that have been
disclosed.

The N-Gain value from Table 4 for the fact-finding indicator is 0.47 in the moderate category.
Figure 3 is a representative answer from students on one of the questions items based on the fact-
finding indicator.

Question: What information do you think affected the situation that needs to be recerded? Prioritize the

information based on its impact on the challenges you prioritize.

Influential information:

1. Nuclear power calibration is carried out by measuring the neutron flux directly on each fuel element,

and can only be done at low power operation.

2. Calibration of power using the calorimetry method, namely measuring the temperature rise of the
cooling water caused by the heat of fission in the reactor core which is transferred to the cooling
water.

. Calibration by calorimetry there are two kinds, namely non-stationary and stationary. In the stationary
method, the reactor is operated with the cooling system running. In the non-stationary method, the
reactor is operated with the cooling system not running

Priority information:

There are two types of calibration by calorimetry, namely non-stationary and stationary. In the stationary

method, the reactor is operated with the cooling system running. In the non-stationary method, the

reactor is operated with the cooling system not running

w

Figure 3. Students' answers to determine the information that influences the description of the
challenges of the Reactor Power Calibration course.

Figure 3 is the students' answers to determine influential information based on the description of
the challenges in the Reactor Power Calibration course. In this section students were asked to register
all the facts in the reading material and determine priority facts. The stage on the indicator begins with
a state of chaos and the problem is still vague. Then proceed by listing all known facts about the
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problem to be solved and finding new data as needed. In this section, there were representatives in
which students were able to determine influential information based on the description of challenges
regarding reactor power calibration and were able to determine priority information/facts.

The N-Gain value from Table 4 for the problem finding indicator is 0.46 in the moderate
category. Figure 4 is a representative answer from students on one of the questions items based on
the problem finding indicator.

Question: what problems do you think might be faced? Determine the main problem based on the
challenges you prioritize

Possible problem:

1. How to determine the reactor power using the nuclear method?

2. How to determine the reactor power using the stationary calorimeter method?

3. How to determine the reactor power using the non-stationary calorimeter method?

Priority problem:

How to determine reactor power using non-stationary calorimeter method?

Figure 4. Student’s answer to determine the problem based on the description of the challengss inthe
Reactor Power Calibration course.

Figure 4 is the student's answer to determine the problem based onthe description of the challenge
in the Reactor Power Calibration course. In this section students were asked to be able to develop their
problems by finding sub-problems and problems can be reformulated or narrowed. Students were
asked to find problems and focus on becoming the main problem of the reading material. In this
section, there were some students who were able to determine problems based on the description of
challengss regarding reactor power calibration and were able to determine priority informationffacts

The N-Gain value from Table 4 for the idea finding indicator is 0.37 in the moderate category.
Figure 5 is a representative answer from students on one of the question items based on the idea
finding indicator.

Question: What ideas might be done to solve the problem? Explain! Find your main idea based on the

problem you choose

Possible ideas:

1. To determine the reactor power using the nuclear method by measuring the flux of neutrons in the
reactor core.

. To determine the reactor power using the stationary calorimeter method is by measuring the
temperature of the water leaving and entering the reactor core

3. To determine the reactor power using the non-stationary calorimeter method is by measuring the

rate of rise of the tank water temperature at a constant reactor power level.
Selected main ideas:
To determine the reactor power using the { Y G i method is by ing the rate

ra

of rise of the tank water temperature at a constant reactor power level.

Figure 5. Student’s answer to determine possible ideas based on the description of the challenges of
the Reactor Power Calibration course.

Figure 5 is the students’ answers to determine ideas that might be carried out based on the
description of the challenges in the Reactor Power Calibration course. In this section, in finding ideas,
efforts are made to develop as many problem-solving ideas as ible. At this stage, brainstorming
techniques and checklists can be used to help find ideas by giving free rein to imagination and
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suspending criticism. The mostimportant thing at this stage is to find lots of ideas. Students were asked
to find as many ideas as possible to solve reactor power calibration problems and determine the main
ideas to be solved. In this section there were student representatives who were able to find three ideas
based on the description of the challenges regarding reactor power calibration and chose the main
ideas to be resolved.

The N-Gain value from Table 4 for the solution finding indicator is 0.12 in the low category.
Figure 6 is a representative of the answers from students on one of the questions items based on the
solution finding indicator.

Question- Find the ultimate solution based on the problem you ars facing!

Solution:

The solution to determine the reactor power using a non-stationary colorimetric method, is by using the
ar

. dg
uation P = —= H—
=a dt dt

Figure 6. Student’s answer to determine solutions that are carried out based on the problems faced
by the description of the challenges of the Reactor Power Calibration course

Figure & is the students’ answers to determine possible solutions based on the description of
the challenges in the Reactor Power Calibration course. In this section, previously found ideas were
selected based on the evaluation criteria concerned with the problem. The idea that is considered
important is the idea that is closest to the criteria. In this section most of the students were unable to
strengthen ideas and formulate the main solutions for reactor power calibration.

N-Gain value from Table 4 for the acceptance finding indicator is 0.01 in the low category.
Figure 7 is a representative answer from students on one of the question items based on the
acceptance finding indicator.

Question: What are the strengths and weaknesses of the solution you offer? Explain!
Strength: when measuring the temperature rise of the reactor water the reactor cooling system was not
operated

Figure 7. Student's answer to determine the strengths and weaknesses of the solutions offered based
on the description of the challenges of the Reactor Power Calibration course.

Figure 7 is the students’ answers to determine the strengths and weaknesses of the solutions
offered in the Reactor Power Calibration course. In this section, students found acceptance or the
implementation stage, an action plan was prepared so that other people can accept the idea and
implement it. In this section most students were unable to identify the strengths and weaknesses of
the solutions offered in reactor power calibration. They only wrote down the strengths of the solution
and did not write down the weaknesses of the solution offered.

Based on the results of the study, the N-Gain on objective, fact, problem, and idea finding
indicators is in the medium category. According to Holt, {2018) and Swanscen & Collins, {2018) the
stages in the thinking process begin with the stages of forming understanding, then forming opinions,
and forming conclusions. In this case students have been able to form a good understanding. This can
be done by preparing the preparatory stage, namely formulating important information about the
challenge description and re-reading the challenge description. The aim is to establish the author's
intent by using the information available in the text and assisted by the students’ prior knowledge and
experience (Yazdanpanah, 2007).
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Based on the research results, the N-Gain indicators of problem finding and acceptance finding
are in the low category. Students have difficulty finding ideas in solving problems using the right
solution. People who can find varied problem solving strategies are good problem solvers (Leung &
Kember, 2003; Cheng et al., 2018). Problem solving skills are the ability to find solutions through the
process of obtaining and organizing information (Hull et al., 2013). In problem solving skills, to form
knowledge requires various cognitive activities in obtaining and organizing information (Cheng et al.,
2018; Wu et al, 2021). In solving problems, involving previous and new knowledge, namely by
activating previous knowledge with new knowledge so that it can solve problems [Wu et al., 2021)

Conclusion

Based on the results of the study, the N-Gain results of students’ problem-sohving skills were 0.32
in the medium category. The N-gain results for each indicator of problem-solving skills in the medium
category are objective finding, fact finding, problem finding, and idea finding and in the low category
are solution finding and acceptance finding. Based on these findings it can be conduded that students’
problem-solving skills in nuclear physics course through NPIRL have increased. This research has
limitations that was carried out at a limited trial stage and the course was only on fission reactions. For
further research, it can be implemented in broader research and implemented in other higher-order
thinking skills.
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Abstract: This study aimed to describe students’ problem solving skill in nuclear physics
course through the implementation of the Muclear Physics Inquiry Remote Laboratory
[MPIRL). This study used a guantitative pre-experimental study with one group pretest-
posttest design involving 14 students at 3 university in Banjarmasin, South Kalimantan. In
salecting research subjects, this study used purposive sampling technique. The instrument
used was a problem-solving skills test in the form of an essay consisting of five questions
and each question consisted of six indicators. The indicators were based on problem solving
ahility, namely objective finding, fact finding, problem finding, idea finding, selution finding,
and acceptance finding. This research found that the N-gain of students' problem solving
skill was 0.32 in the medium category. N-gain based on each indicator of problem solving
skill that was in the medium category were objective finding, fact finding, problem finding,
and idea finding, but in the low category was solution finding and acceptance finding. Based
on these findings it can be concluded that student problem solving skill in nuclear physics
course through MPIRL have increased.
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Introduction

Society has benefited a lot from the result of studies on nuclear technology. One of nuclear
technology that is widely used is radiation engineering. This radiation technique has been widely used
in the medical world such as X-rays, Computerized Tomegraphy (CT)-5cans, and radiotherapy (Hachiya
& Akashi, 2016) and in agriculture, like plant breeding, post-harvest handling, and pest control (Fu et
al., 2018). Radiation technigues are also used in industry and mining, i.e. to measure plate thickness,
pipe cracks, and the thickness of mine layers (Jho et al_, 2014).

Nuclear technology alse widely used in fission reaction utilization. This technology is utilized in
the energy sector, namely Nuclear Power Plants. Furthermore, it is also used in the military field,
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namely nuclear-powered submarines and the manufacture of nuclear weapons (Balart, 2017; Fu et al,,
2018). In addition, the type of nuclear technology that is also widely used is radioactive dating in
geology, archaeclogy, and anthropology, to estimate the age of fossils, artefacts, or other carbon-
containing objects (Fu et al., 2018).

Even though the utilization of nudear technology has many benefits, people’s mindsat is still
dominated by the fear of taking risks (Bird et al., 2014). In society, nuclear is often associated with
danger and has negative effects (Bird et al., 2014; Kwok, T. F; Yeung, C.H; Xu, 2017; Mah et al_, 2014;
Roh & Kim, 2017; Stefanelli et al., 2017; Sun et al., 2014; Yuan et al., 2015). Nuclear negative effects
on people's mindset can affect public acceptance of a country's nuclear technology utilization program
(Bird et al_, 2014; Nguyen, V_P; Yim, 2018).

The emergence of challenges to the negative effects of nuclear can be answered through
education (Bhanthumnavin, D; Bhanthumnavin, 2014, Brown, 2018; Han, E O; Kim, ] R; Choi, 2014;
Hartini & Liliasari, 2020; Hartini et al., 2021). The relation between an understanding of nuclear physics
and the world around it, is that a good understanding of nuclear physics helps prepare people to
participate in critical discussions in areas such as national security, energy policy, and environmental
protection (OECD, 2015).

Nuclear technology is found in the discussion of Nuclear Physics which is a branch of physics.
Nuclear Physics course at several the institute of teacher training in Indonesia are in the Introduction
to Nuclear Physics course (Hartini & Liliasari, 2020). Several studies have shown that students’ high-
order thinking skills are in the low category in NMuclear Physics course (Cherney et al., 2005; Hartini &
Liliasari, 2020). Based on the results of a preliminary study conducted on 23 physics students at a
university in Banjarmasin, on one of the higher order thinking skills, namely problem solving skill, is
classified as low with an average score of 16.17 out of a maximum score of 100.

To overcome these problems, one form of lecture activity to train thinking skills is inquiry. Using
these activities students are assumed to be scientists who are conducting experiments, and therefore
higher-order thinking patterns can be built. The use of inguiry learning has a positive effect on problem
solving skills (Abaniel, 2021; Wu et al., 2021). One type of inquiry stage is the inguiry laboratory
activities{Wenning, 2005). The inguiry laboratory model can be used as a means te confront students’
preconceptions (Srisawasdi & Kroothkeaw, 2014)

Apart from that, in Muclear Physics course, doing real laboratory activities is also difficult and
limited (Eddahby et al., 2019). In this practicum, sophisticated equipment is required, the equipment
is expensive, maintenance is difficult, and there are fears of being exposed to radiation when doing
the practicum [Delong et al., 2010; Karpudewan & Chong, 2018; Malkawi & Al-Araidah, 2013; Tiftikci
& Kocar, 2010). The development of information technology has changed the view of laboratory
activities towards the use of traditional laboratories. One of them is remote laboratory (RL). RL is an
activity conducted in @ real laboratory that is connected to experimenters remotely via a network
(Bhute et al., 2021). RL provides extensive experiment accessibility without time constraints allowing
students to operate experiments remotely and manipulate experiment variables (Karpudewan &
Chong, 2018).

Remote laboratory activities for nuclear physics have been developed and implemented by
Malkawi & Al-Araidah, (2013) namely the use of the Internet Reactor Laboratory (IRL) between the
PULSTAR research reactor at North Carolina State University in the United States and the Department
«of Nuclear Engineering at Jordan University of Science and Technology (JUST) in Jerdan; Saldikov et al.,
(2017) developed the Open Web System of Virtual Labs for Nuclear and Applied Physics which is part
of the Cyber Learning Platform for Muclear Education (CLP4NET); Yakovlev et al.,[ 2017) carried out the
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development of CLPANET by integrating it inte educational technelogy; Karpudewan & Chong, (2018)
implemented Radicactivity Remote Laboratory Activities (RRLA); Syarip et al, (2018) developed
Kartini's Internet Reactor Laboratory (IRL) for nuclear education and training programs which were
then continued by Taxwim et al,[ 2020) that implementing IRL Kartini as a remote laboratory for
laboratory activities in the university; However, the results of research on remote laboratories in
Nuclear Physics have not yet trained the steps of inguiry in their implementation.

Based on these problems, a nuclear course physics program is presented using the principle of
inquiry and using 2 remote laboratory type, namely through the Nuclear Physics Inquiry Remote
Laboratory (MPIRL). From previcus research using the Nuclear Physics Inguiry Virtual Laboratory
[MIVPL) it was obtainad that lectures by implementing NPIVL could improve higher-order thinking skills,
namely critical thinking skills {Sri Hartini et al., 2022). The Nuclear Physics lecture program through
NPIRL is carried out in two stages. The first stage is the pre-laboratory stage, the inguiry stage that
trained open questions and scientific information. The second stage is the laboratory stage, the inquiry
stage that trained procedure or experimental design, data analysis, communication of results and
conclusions. At both stages, higher-order thinking skills are trained, namely problem solving.

Based on this background, research was conducted on [problem solving skills in nuclear physics

course through NIPRL. The purpose of this study was to describe the problem solving skills of physics
students in nuclear physics course through NPIRL. This research is expected to contribute in equipping
students to have higher order thinking skills. Students who have high-order thinking skills can become
active citizens in solving problems facing the era of society 5.0

Method
This research used pre-experimental quantitative research. The research design is one group
pretest-posttest as shown in table 1.

Tablel. One group pretest-posttest research design

Pretest Treatment Posttest
[+ 1] X 0

(Creswell&Guetterman, 2019).

with O1: pretest score before implementing the course program through NPIRL; O2: posttest score
after the implementation of the course program through NPIRL; and X: implementation of course
program through NPIRL.

The implementation of the course program through NPIRL was carried out by 14 physics
students at a university in the city of Banjarmasin. The selection of research subjects used a purposive
sampling technique. Before the implementation of the course program through NPIRL was carried out,
students first worked on a pre-test. Then after the implementation of the course program, students
did the post-test. Based on the results of the pre-test and post-test analysis, it can be seen the increase
in student problem solving skills. The indicators of problem solving skills used refer to The Osborn-
parnes Creative Problem Solving (CPS) Models namely objective finding, fact finding, problem finding,
idea finding, solution finding, and acceptance finding.

In collecting research data, an essay test instrument was used. There were five questions on
the test and sach question consisted of six questions according to the problem solving skills indicator
from Osbormn-Parnes. The increase in preblem solving ability was determined by normalized M-gain
based on equation (1) (Hake, 1998):

G} Yolsy1—Yols)
<0>=go= Gy
with: {g) = normalized average gain; (G)= average actual gain, (G max= average maximum possible
gain; {sf)= average posttest score rata-rata; and (5;) = average pretest score.
The criteria for the normalized gain value (g} can be seen in table 2.
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Table 2. Normalized gain value criteria (Hake, 1998)

Value <g> Classification
<gr 20,7 High

07>=<g» =03 Medium
<g= <03 Low

Results and Discussion

The purpose of this research was to describe the problem solving skills of physics students in
nuclear physics lecture course MPIRL. Problem solving skills are trained through the inquiry stage in
pre-laboratory and laboratory activities. The use of a remote laboratory in this study used a remote
laboratory from the Center of Science and Accelerator Technology (PSTA) of the MNational Muclear
Energy Agency (Batan) of Indonesian National Research and Innovation Agency (BRIN), namely Kartini's
Internet Reactor Laboratory (IRL). The laboratory activities used in fission reactions course, namely
fission reactors, includes reactor power calibration, neutron flux measurement, control rod calibration,
fuel temperature reactivity coefficient and reactor criticality.

Figure 1. IRL Kartini in the reactor power calibration practicum

The normalized N-gain value was used to measure the increase in problem solving abilities.
The normalized value of N gain can be seen in Table 3.
Tabel 3. Normalized N-gain value
Pretest  Posttest N-gain Category
473 35.48 0.32 Medium

Table 3 shows that the average post-test score increased when compared to the pre-test score
with a normalized N-gain of 0.32 in the medium category. This is inseparable from the implementation
of NPIRL in course programs. The NIPRL program is a course program based on inquiry-based
laboratory activities stages. The stages of inquiry laboeratory activities at NPIRL to practice problem
solving skills are (1) open guestions and scientific information: students formulate research questions;
(2) experimental procedure or design: students formulate practicum steps and design appropriate data
tables. Then students collect data wsing laboratory activities steps that have been made and organize
data in data tables; (3) data analysis: students carry out data analysis and interpretation; (4) results
communication; and (5) conclusion: draw conclusions based on the practicum results. Several studies
have shown that inquiry learning has a positive effect on preblem-selving skills (Abaniel, 2021; Wu et
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al,, 2021). Problem solving skills are also one of the important competencies expected of college
graduates (Klegeris et al_, 2017).

Inguiry learning is learning using a constructivist approach. Based on this approach, students
carry out inquiry activities, namely asking questions and conducting investigations using various
resources (Abaniel, 2021). One of them is with digital technology (Wu et al., 2021). Digital technology
that can be utilized is the remote laboratory (RL). RL is a laboratory activities conducted in a real
laboratory that is connected to experimenters remotely via a network (Alkhaldi et al., 2016). Through
RL, students are given experience operating experiments independently, thereby encouraging
independent learning indirectly (Griber et al., 2014), and fostering constructivism learning (Bhute et
al, 2021;Jona et al_, 2015). Apart from involving digital technelogy, this lecture program involves a
nudear facility, namely IRL Kartini frem Batan BRIN Indonesia. Learning nuclear physics, especially
nudear science and technology by invelving nuclear facilities that have been developed in various
countries, can increase student and public knowledge about nuclear physics (Yakovlev et al.,
2017;Karpudewan & Chong, 2018).

There is an increase in the average posttest score to the pretest score based on Table 3, but the
increase in problem solving skills was not optimal because in each indicator of problem-solving skills
the increase was uneven. The N-Gain achievement of each indicator of problem-solving skills will be
described in Table 4.

Table 4. Achievement of problem-solving skills each indicator

Indicator of Problem-5olving Skill Pre test Post test N-Gain
Objective finding 832 58.57 055
Fact Finding 1186 5353 047
Problem Finding 664 50.00 045
Idea Finding 2.00 3857 037
Solution finding 0.1% 1179 012
Acceptance Finding 0.14 143 001

Table 4 shows that the posttest results for each indicator increased compared to the pretest
results. From the results of the pretest, the largest indicator value of critical problem-solving skills was
fact finding and the smallest was acceptance finding. From the results of the posttest, the largest
indicator value of problem-selving skills was objective finding and the smallest was acceptance finding.
There was a difference between the results of the pretest and posttest, namely in the pretest the
largest indicator value was fact finding, while in the posttest, the largest indicator value was objective
finding. Table 4 also shows the M-gain which was in the moderate category in the indicators of objective
finding, fact finding, problem finding, and idea finding, while the solution and acceptance finding
indicators were in the low category.

Based on Table 4, the N-Gain value in the objective finding indicator is 0.55 in the moderate
category. Figure 2 is a representative answer from students on one of the questions for the question
items based on the objective finding indicators.
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Question: After reading the information above, in your opinion, what are the challenges faced by Rani in
calibrating the reactor power? Determine the main challenges faced by Rani.

Answer:

Challenge:

1. Determine the reactor power using the nuclear method

2. Determine the reactor power using the stationary calorimeter method

3. Determine the reactor power using the non-stationary calorimeter method

Main Challenge:

Determine the reactor power using the non-stationary calorimeter method.

Figure 2. Student answers to determine the challenges based on the description of the
challenges in the Reactor Power Calibration course.

Figure 2 is the students' answers to determine the challenges based on the description of the
challenges in the Reactor Power Calibration course. This question item aims to measure students’
problem solving abilities on objective finding indicators. The stage of the indicator begins with
expressing thoughts and feelings about problems that are disturbing but still vague. Therefore,
students begin to be able to find the purpose of the problem. To reveal the problem, it can be done by
answering guestions, what is the real preblem or what exactly do you want to look for. In this section,
there are representatives that students are able to express the challenges faced in the description of
challenges regarding reactor power calibration, namely reactor power can be determined using the
nuclear method, the statiocnary calorimeter method and the non-stationary calorimeter method.
Students are able to determine the priority of challenges among the three challenges that have been
disclozed.

The N-Gain value from Table 4 for the fact-finding indicator is 0.47 in the moderate category.
Figure 3 is a representative answer from students on one of the questions items based on the fact-
finding indicator.

Question: What informatien do you think affected the situation that neads to be recorded? Prioritize the

information based on its impact on the challenges you pricritize.

Influential information:

1. MNuclear power calibration is carried out by measuring the neutron flux directly on each fuel element,
and can only be done at low power operation.

2. Calibration of power using the calorimetry method, namely measuring the temperature rise of the
cooling water caused by the heat of fission in the reactor core which is transfemred to the cooling
water.

3. Calibration by calorimetry there are two kinds, namely non-stationary and stationary. In the stationary
method, the reactor is operated with the cooling system running. In the non-stationary method, the
reactor is operated with the cooling system not running

Priority information:

There are two types of calibration by calorimetry, namely non-stationary and stationary. In the stationary

method, the reactor is operated with the cooling system running. In the non-stationary method, the

reactor is operated with the coeling system not running

Figure 3. Students’ answers to determine the information that influences the description of the
challenges of the Reactor Power Calibration course.

Figure 3 is the students’ answers to determine influential information based on the description of
the challenges in the Reactor Power Calibration course. In this section students were asked to register
all the facts in the reading material and determine priority facts. The stage on the indicator begins with
a state of chacs and the problem is still vague. Then proceed by listing all known facts about the
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problem to be solved and finding new data as needed. In this section, there were representatives in
which students were able to determine influential information based on the description of challenges
regarding reactor power calibration and were able to determine priority information,/facts.

The M-Gain value from Table 4 for the problem finding indicater is 0.46 in the moderate
category. Figure 4 is a representative answer from students on one of the questions items based on
the problem finding indicator.

Question: what problems do you think might be faced? Determine the main problem based on the
challenges you prioritize

Possible problem:

1. How to determine the reactor power using the nuclear mathod?

2. How to determine the reactor power using the stationary calorimeter method?

3. How to determine the reactor power using the non-stationary calorimeter method ?

Pricrity problem:

How to determine reactor power using non-stationary calorimeter method?

Figure 4. Student’s answer to determine the problem based on the description of the challenges in the
Reactor Power Calibration course.

Figure 4 isthe student's answer to determine the problem based on the description of the challenge
in the Reactor Power Calibration course. In this section students were asked to be able to develop their
problems by finding sub-problems and problems can be reformulated or narrowed. Students were
asked to find problems and focus on becoming the main problem of the reading material. In this
section, there were some students who were able to determine problems based on the description of
challenges regarding reactor power calibration and were able to determine pricrity information/ffacts.

The N-Gain value from Table 4 for the idea finding indicator is 0.37 in the moderate category.
Figure 5 is a representative answer from students on one of the question items based on the idea
finding indicator.

Question: What ideas might be done to solve the problem? Explain! Find your main idea based on the

problem you choose

Possible ideas:

1. To determine the reactor power using the nuclear method by measuring the flux of neutrons in the
re@Ctor core.

2. To determine the reactor power using the stationary calorimeter method is by measuring the
temperature of the water leaving and entering the reactor core

3. To determine the reactor power using the non-stationary calorimeter method is by measuring the
rate of rise of the tank water temperature at a constant reactor power level.

Selected main ideas:

To determine the reactor power using the non-stationary calorimeter method is by measuring the rate

of rise of the tank water temperature at a constant reactor power level.

Figure 5. Student’s answer to determine possible ideas based on the description of the challenges of
the Reactor Power Calibration course.

Figure 5 is the students' answers to determine ideas that might be carried out based on the
description of the challenges in the Reactor Power Calibration course. In this section, in finding ideas,
efforts are made to develop as many problem-solving ideas as possible. At this stage, brainstorming
techniques and checklists can be used to help find ideas by giving free rein to imagination and
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suspending criticism. The most important thing at this stage is to find lots of ideas. Students were asked
to find as many ideas as possible to solve reactor pewer calibration problems and determine the main
ideas to be solved. In this section there were student representatives who were able to find three ideas
based on the description of the challenges regarding reactor power calibration and chose the main
ideas to be resolved.

[The N-Gzin value from Table 4 for the solution finding indicator is 0.12 in the low category.
Figure & is a representative of the answers from students on one of the questions items based on the
solution finding indicatorl

Question: Find the ultimate solution based on the problem you are facing!
Solution:
The solution to determine the reactor power using a non-stationary colorimetric method, is by using the

. ag dr
uation P =—= H—.
= dt dr

Figure 6. Student’s answer to determine solutions that are carried out based on the problems faced
by the description of the challenges of the Reactor Power Calibration course.

Figure 6 is the students' answers to determine possible solutions based on the description of
the challenges in the Reactor Power Calibration course. In this section, previously found ideas were
selected based on the evaluation criteria concerned with the problem. The idea that is considered
important is the idea that is closest to the criteria. In this section most of the students were unable to
strengthen ideas and formulate the main selutions for reactor power calibration.

[N—Gain value from Table 4 for the acceptance finding indicator is 0.01 in the low category.
Figure 7 is a representative answer from students on one of the question items based on the
acceptance finding indicatorl

Question: What are the strengths and weaknesses of the solution you offer? Explain!
Strength: when measuring the temperature rise of the reactor water the reactor cooling system was not
operated

Figure 7. Student’s answer to determine the strengths and weaknesses of the solutions offered based
on the description of the challenges of the Reactor Power Calibration course.

Figure 7 is the students’ answers to determine the strengths and weaknesses of the solutions
offered in the Reactor Power Calibration course. In this section, students found acceptance or the
implementation stage, an action plan was prepared so that other people can accept the idea and
implement it. In this section most students were unable to identify the strengths and weaknesses of
the solutions offered in reactor power calibration. They only wrote down the strengths of the solution
and did not write down the weaknesses of the solution offered.

Based on the results of the study, the N-Gain on objective, fact, problem, and idea finding
indicators is in the medium category. According to Holt, (2018) and Swanson & Collins, (2018) the
stages in the thinking process begin with the stages of forming understanding, then forming opinions,
and forming conclusions. In this case students have been able to form a good understanding. This can
be done by preparing the preparatory stage, namely formulating important information about the
«challenge description and re-reading the chzllenge description. The aim is to establish the author's
intent by using the information available in the text and assisted by the students' prior knowledge and
experience (Yazdanpanah, 2007).
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Based on the research results, the N-Gain indicators of problem finding and acceptance finding
are in the low category. Students have difficulty finding ideas in solving problems using the right
solution. People who can find varied problem solving strategies are good problem solvers [Leung &
Kember, 2003; Cheng et al., 2018). Problem solving skills are the ability to find solutions through the
process of obtaining and erganizing information (Hull et al_, 2013). In problem solving skills, to form
knowledge requires various cognitive activities in obtaining and organizing information (Cheng et al.,
2018; Wu et al,, 2021). In solving problems, involving previous and new knowledge, namely by
activating previous knowledge with new knowledge so that it can solve problems (Wu et al,, 2021)

Conclusion

Based on the results of the study, the N-Gain results of students’ problem-solving skills were 0.32
in the medium category. The N-gain results for each indicator of problem-selving skills in the medium
category are objective finding, fact finding, problem finding, and idea finding and in the low category
are solution finding and acceptance finding. Based on these findings it can be concluded that students’
problem-solving skills in nuclear physics course through NPIRL have increased. This research has
limitations that was carried out at a limited trial stage and the course was only on fission reactions. For
further research, it can be implemented in broader research and implemented in other higher-order
thinking skills.
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Abstract:. This study aimed to describe students’ problem sclving skill in nuclear physics
course through the implementation of the Nuclear Physics Inquiry Remote Laboratory
(NPIRL). This study employed a pre-experimental quantitative method. The research design
was one group pretest-posttest design. The subject of the study was 14 physics students at
a university in Banjarmasin, South Kalimantan. In selecting the research subjects, the
researchers used purposive sampling technigue. The instrument used was a problem-
solving skills test in the form of an essay consisting of five questions, and each question
consisted of six indicators in problem solving skill according to the Osborn-Parnes Creative
Problem Solving (CPS). This research found that the N-gain of students' problem solving skill
was 0.32 in the medium category. There are four indicators of problem-solving skills that
are categorized as medium: objective finding, fact finding, problem finding and idea finding.
Two other low-category indicators are solution finding and acceptance finding. Based on
these findings, it is concluded that students’ problem solving skill in nuclear physics course
through NPIRL have increased.

Keywords: problem solving skills, NPIRL, nuclear physics
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Introduction

bnciety has benefited a lot from the result of studies on nuclear technology (Fu et al., 2018;
Yuan, et al., 2017) . One of nuclear technology that is widely ps radiation engineering (Hachiya &
Akashi, 2018) . Tl'his radiation technique has been widely used in the medical world such as X-rays,
Computerized Tomography (CT)-Scans, and radiotherapy (Hachiya & Akashi, 2016) and in agriculture,
like plant breeding, post-harvest handling, and pest control (Fu et al., 2018). Radiation techniques are
also used in industry and mining, i.e. to measure plate thickness, pipe cracks, and the thickness of mine
layers (Jho et al., 2014).
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Nuclear technology also widely used in fission reaction utilization. This technology is utilized in
the energy sector, namely Nuclear Power Plants. Furthermore, it is also used in the military field,
namely nuclear-powered submarines and the manufacture of nuclear weapons (Balart, 2017; Fu et al.,
2018). In addition, the type of nuclear technology that is also widely used is radioactive dating in
geology, archaeology, and anthropology, to estimate the age of fossils, artefacts, or other carbon-
containing objects (Fu et al., 2018).

Even though the utilization of nuclear technology has many benefits, people's mindset is still
dominated by the fear of taking risks (Bird et al., 2014). In society, nuclear is often associated with
danger and has negative effects (Bird et al., 2014; Kwok et al., 2017; Mah et al., 2014; Roh & Kim, 2017;
Stefanelli et al., 2017; Sun et al., 2014; Yuan et al., 2015). Nuclear negative effects on people's mindset
can affect public acceptance of a country's nuclear technology utilization program (Bird et al., 2014;
Nguyen & Yim, 2018).

The emergence of challenges to the negative effects of nuclear can be answered through
education (Bhanthumnavin&Bhanthumnavin, 2014; Brown, 2018; Han et al., 2014; Hartini & Liliasari,
2020; Hartini et al., 2021). The relation between an understanding of nuclear physics and the world
around it, is that a good understanding of nuclear physics helps prepare people to participate in critical
discussions in areas such as national security, energy policy, and environmental protection (OECD,
2015).

Nuclear technology is found in the discussion of Nuclear Physics which is a branch of physics.
Nuclear Physics course at several the institute of teacher training in Indonesia are in the Introduction
to Nuclear Physics course (Hartini & Liliasari, 2020). Several studies have shown that students' high-
order thinking skills are in the low category in Nuclear Physics course (Cherney et al., 2005; Hartini &
Liliasari, 2020). based on the results of a preliminary study conducted on 23 physics students at a
university in Banjarmasin, on one of the higher order thinking skills, namely problem solving skill, is
classified as low with an average score of 16.17 out of a maximum score of 100. [Problem|solving skills
are also one of the important competencies expected of college graduates (Klegeris et al., 2017).
Problem-solving skills are one of the foundations of 21st century learning (Sinaga et al., 2022). Problem
solving skills are also one of the important competencies expected of college graduates (Klegeris et al.,
2017)
inquiry. bne‘
form of lecture activity to train thinking skills in order to overcome these problems is inquiry. Inquiry

To overcome these problems, one form of lecture activity to train thinking skill

learning is learning that habits students to learn and solve problems, assume, and be responsible for
achieving understanding independently (Jerrim et al., 2022). Inquiry-based learning requires learners
to develop questions and hypotheses, collect data, analyze data, communicate and draw conclusions
(Cairns, 2019). Using these activities, students are assumed to be scientists who are conducting
experiments, and therefore higher-order thinking patterns can be built. The use of inquiry learning has
a positive effect on problem solving skills (Abaniel, 2021; Wu et al., 2021). One type of inquiry stage is
the inquiry laboratory activities (Wenning, 2005). The inquiry laboratory model can be used as a means
to confront students’ preconceptions (Srisawasdi & Kroothkeaw, 2014).

es is also difficult and

Apart from that, in Nuclear Physics course, doing real laboratory acti
limited (Eddahby et al., 2018). In this practicum, sophisticated equipment is required, the equipment
is expensive, maintenance is difficult, and there are fears of being exposed to radiation when doing
the practicum (Karpudewan&Chong, 2018; Malkawi & Al-Araidah, 2013). The development of
information technology has changed the view of laboratory activities towards the use of traditional

lahorataries. One of them is remate laharatory RI). Rl is an activitv conducted in a real laboratary
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that is connected to experimenters remotely via a network (Bhute et al., 2021). RL provides extensive
experiment accessibility without time constraints allowing students to operate experiments remotely
and manipulate experiment variables (Karpudewan & Chong, 2018).

Remote laboratory activities for nuclear physics have been developed and implemented by
Malkawi & Al-Araidah, (2013) namely the use of the Internet Reactor Laboratory (IRL) between the
PULSTAR research reactor at North Carolina State University in the United States and the Department
of Nuclear Engineering at Jordan University of Science and Technology (JUST) in Jordan; Saldikov et al.,
(2017) developed the Open Web System of Virtual Labs for Nuclear and Applied Physics which is part
of the Cyber Learning Platform for Nuclear Education (CLPANET); Yakovlev et al.,{ 2017) carried out the
development of CLPANET by integrating it into educational technology; Karpudewan & Chong, (2018)
implemented Radioactivity Remote Laboratory Activities (RRLA); Syarip et al., (2018) developed
Kartini's Internet Reactor Laboratory (IRL) for nuclear education and training programs which were
then continued by Taxwim et al.,( 2020} that implementing IRL Kartini as a remote laboratory for
laboratory activities in the university; However, the results of research on remote laboratories in
Nuclear Physics have not yet trained the steps of inquiry in their implementation.

Based on these problems, a nuclear course physics program is presented using the principle of
inquiry and using a remote laboratory type, namely through the Nuclear Physics Inquiry Remote
Laboratory (NPIRL). From previous research using the Nuclear Physics Inquiry Virtual Laboratory
(NIVPL) it was obtained that lectures by implementing NPIVL could improve higher-order thinking skills,
namely critical thinking ski\lskHartini etal, 2022“ The Nuclear Physics course program through NPIRL
is carried out in two stages. Pre-laboratory activity is the first phase of the lecturing program through
the NPIRL. This stage trains the activity of the incur which is an open question. Laboratory activities
are the second activity on the lecture program through NPIRL. This stage trains inquiry activities, i.e.
giving open questions, formulating predictions, designing experiments, conducting experimentation,
collecting and analyzing data, and drawing conclusions based on the results of research. At both stages,
higher-order thinking skills are trained, namely problem solving.

Based on this background, research was conducted on problem solving skills in nuclear physics
course through NIPRL. The purpose of this study was to describe the problem solving skills of physics
students in nuclear physics course through NPIRL. This research is expected to contribute in equipping
students to have higher order thinking skills. Students who have high-order thinking skills can become

active citizens in solving problems facing the era of society 5.0.

Method

The method used in this study was pre-experimental quantitative. Table 1 depicts the design
of the study using one group pretest-posttest with O1: pretest score before implementing the course
program through NPIRL; O2: posttest score after the implementation of the course program through
NPIRL; and X: implementation of course program through NPIRL.

Tablel. One group pretaest-posttest research design
Pretest Treatment Postiest
O X Oz

(Creswell&Guetterman, 2019).

The implementation of the course program through NPIRL was carried out by 14 physics
students at a university in the city of Banjarmasin. The selection of research subjects used a purposive
sampling technique. Before the implementation of the course program through NPIRL was carried out,
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In collecting research data, an essay test instrument was used. There were five questions on
the test and each question consisted of six questions according to the praoblem solving skills indicator
from Osborn-Parnes. The increase in problem solving ability was determined by normalized N-gain
based on equation (1) (Hake, 1998):

(G} Ghlsy)—%(si) (1)
%l Ghnne  (100-Th(s;
with: {g) = normalized average gain; {G)= average actual gain; (G )ma,= average maximum possible
gain; (sf): average posttest score rata-rata; and (si) = average pretest score.

<g==

(s

The criteria for the normalized gain value {g) can be seen in table 2.
Table 2. Normalized gain value criteria (Hake, 1998)

Value <g> Classification

<gx=0.7 High
0.7><g>>0.3 Medium

<gr<0.3 Low

Results and Discussion

The purpose of this research was to describe the problem solving skills of physics students in
nuclear physics lecture course NPIRL. Problem solving skills are trained through the inquiry stage in
pre-laboratory and laboratory activities. The use of a remote laboratory in this study used a remote
laboratory from the Center of Science and Accelerator Technology (PSTA) of the National Nuclear
Energy Agency (Batan) of Indonesian National Research and Innovation Agency (BRIN), namely Kartini's
Internet Reactor Laboratory (IRL). The laboratory activities used in fission reactions course, namely

fission reactors, includes reactor power calibration, neutron flux measurement, control rod calibration,

fuel temperature reacti

ty coefficient and reactor criticality. Figure 1 shows the IRL display of Kart

at the time of the reactor power calibration practicum.
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Ligure 1. |RL Kartini in the reactor power calibration practicum

The normalized N-gain value was used to measure the increase in problem solving abilities.

The normalized value of N gain can be seen in Table 3.
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Tabel 3. Normalized N-gain value
Pretest  Posttest N-gain Category
473 35.48 0.32 Medium

Table 3 shows that the average post-test score increased when compared to the pre-test score
with a normalized N-gain of 0.32 in the medium category. This is inseparable from the implementation
of NPIRL in course programs. The NIPRL program is a course program based on inquiry-based
laboratory activities stages. The stages of inquiry laboratory activities at NPIRL to practice problem
solving skills are (1) give open questions: students formulate research questions; (2) formulate
predictions: students make research hypotheses; (3) design the experiment: students design practicum
steps and data tables of practicum results; (4) conduct the experiment: students conduct practicum
according to the practicum design that has been made; (5) collect and analyse the data: students
collect practicum data, analyze data, and perform interpretations; (6) draw conclusions: students draw
the conclusions based on the research results of the current practicum. Several studies have shown
that inquiry learning has a positive effect on problem-solving skills (Abaniel, 2021; Wu et al., 2021).
Developing problem-solving skills is a key factor in science (Ceberio, et al., 2016).

Inquiry learning is learning using a constructivist approach. Based on this approach, students
carry out inquiry activities, namely asking questions and conducting investigations using various
resources (Abaniel, 2021). One of them is with digital technology (Wu et al., 2021). Digital technology
that can be utilized is the remote laboratory (RL). RL is a laboratory activities conducted in a real
laboratory that is connected to experimenters remotely via a network (Alkhaldi et al., 2016). Through
RL, students are given experience operating experiments independently, thereby encouraging
independent learning indirectly (Gréber et al., 2014), and fostering constructivism learning (Bhute et
al., 2021). Apart from involving digital technology, this lecture program involves a nuclear facility,
namely IRL Kartini from Batan BRIN Indonesia. Learning nuclear physics, especially nuclear science and
technology by involving nuclear facilities that have been developed in various countries, can increase
student and public knowledge about nuclear physics (Yakovlev et al., 2017;Karpudewan, & Chong,
2018).

There is an increase in the average posttest score to the pretest score based on Table 3, but the
increase in problem solving skills was not optimal because in each indicator of problem-solving skills
the increase was uneven. The N-Gain achievement of each indicator of problem-solving skills will be
described in Table 4.

Table 4. Achievement of problem-solving skills each indicator

Indicator of Problem-Solving Skill Pre test Post test N-Gain
Objective finding 8.32 58.57 0.55
Fact Finding 11.86 53.93 0.47
Prablem Finding 6.64 50.00 0.46
Idea Finding 2.00 38.57 0.37
Solution finding 0.183 11.79 0.12
Acceptance Finding 0.14 1.43 0.01

Tabel 4 menunjukkan setiap, indikator keterampilan pemecahan masalah, meningkat
berdasarkan hasil pretest dan posttest. From the results of the pretest, the largest indicator value of
critical problem-solving skills was fact finding and the smallest was acceptance finding. From the results
of the nosttest. the lareest indicator value of nrohlem-solving skills was ohiective finding and the
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category in the indicators of objective finding, fact finding, problem finding, and idea finding, while the
solution and acceptance finding indicators were in the low category.

Based on Table 4, the N-Gain value in the objective finding indicator is 0.55 in the moderate
||:ategorvL The stage that students perform on the indicator is to find a problem that is perceived as an
interference, is an attempt to identify a situation that is felt to hinder things. Figure 2 is a
representative answer from students on one of the questions for the question items based on the

objective finding indicators.

Question: After reading the information above, in your epinion, what are the challenges faced by Rani in
calibrating the reactor power? Determine the main challenges faced by Rani.

Answer:

Challenge:

1. Determine the reactor power using the nuclear method

2. Determine the reactor power using the stationary calorimeter method

3. Determine the reactor power using the non-stationary calorimeter method

Main Challenge:

Determine the reactor power using the non-stationary calorimeter method.

Figure 2. Student answers to determine the challenges based on the description of the
challenges in the Reactor Power Calibration course.

Figure 2 is the students' answers to determine the challenges based on the description of the
challenges in the Reactor Power Calibration course. In this section, there are representatives that
students are able to express the challenges faced in the description of challenges regarding reactor
power calibration, namely reactor power can be determined using the nuclear method, the stationary
calorimeter method and the non-stationary calorimeter method. Students are able to determine the
priority of challenges among the three challenges that have been disclosed.

The N-Gain value from Table 4 for the fact-finding indicator is 0.47 in the moderate category.
The stage that students perform on such indicators is to find all known facts related to a situation
necessary to identify essential information unknown to that situation. Figure 3 is a representative
answer from students on one of the guestions items based on the fact- finding indicator.
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Question: What information do you think affected the situation that needs to be recorded? Prioritize the

information based on its impact on the challenges you prioritize.

Influential information:

1. Nuclear power calibration is carried out by measuring the neutron flux directly on each fuel element,
and can only be done at low power operation.

2. Calibration of power using the calorimetry method, namely measuring the temperature rise of the
cooling water caused by the heat of fission in the reactor core which is transferred to the cooling
water.

3. Calibration by calorimetry there are two kinds, namely non-stationary and stationary. In the stationary
method, the reactor is operated with the cooling system running. In the non-stationary method, the
reactor is operated with the coeoling system not running

Priority information:

There are two types of calibration by calorimetry, namely non-stationary and stationary. In the stationary

method, the reactor is operated with the cooling system running. In the non-stationary method, the

reactor is operated with the cooling system not running

Figure 3. Students' answers to determine the information that influences the description of the
challenges of the Reactor Power Calibration course.

Figure 3 shows the students' answers to determine influential information based on the
description of the challenges in the Reactor Power Calibration course. In this section, the students
were asked to find important information and determine the information that is a priority in the
calibration activities of the reactor power. There were representatives in which students were able to
determine influential information based on the description of challenges regarding reactor power
calibration and were able to determine priority information/ facts.

Then, Table 4 also shows the N-Gain value for the problem finding indicator is 0.46 in the
moderate category. It is the stage that the students performed on such indicators to identify all
possible problem statements and then select the most important or underlying problem. Figure 4 is a
representative answer from students on one of the questions items based on the problem finding
indicator.

Question: what problems do you think might be faced? Determine the main problem based on the
challenges you prioritize

Possible problem:

1. How to determine the reactor power using the nuclear method?

2. How to determine the reactor power using the stationary calorimeter method?

3. How to determine the reactor power using the non-stationary calorimeter method?

Priority problem:

How to determine reactor power using non-stationary calorimeter method?

Figure 4. Student’s answer to determine the problem based on the description of the challenges in the
Reactor Power Calibration course.

Figure 4 is the student's answer to determine the problem based on the description of the challenge
in the Reactor Power Calibration course. In this section, the students were asked to formulate the
problem and determine the formula of the problem that is a priority in the calibration activities of the
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The N-Gain value from Table 4 for the idea finding indicator is 0.37 in the moderate category. The
stage that the students performed on this indicator was to find a number of ideas or problem-solving
ideas. Figure 5 is a representative answer from students on one of the question items based on the
idea finding indicator

Question: What ideas might be done to solve the problem? Explain! Find your main idea based on the

problem you choose

Possible ideas:

1. To determine the reactor power using the nuclear method by measuring the flux of neutrons in the
reactor core.

2. To determine the reactor power using the stationary calorimeter method is by measuring the
temperature of the water leaving and entering the reactor core

3. To determine the reactor power using the non-stationary calorimeter method is by measuring the
rate of rise of the tank water temperature at a constant reactor power level.

Selected main ideas:

To determine the reactor power using the non-stationary calorimeter method is by measuring the rate

of rise of the tank water temperature at a constant reactor power level.

Figure 5. Student’s answer to determine possible ideas based on the description of the challenges of

the Reactor Power Calibration course.

Figure 5 is the students’ answers to determine ideas that might be carried out based on the
description of the challenges in the Reactor Power Calibration course. Students were asked to find as
many ideas as possible to solve reactor power calibration problems and determine the main ideas to
be solved. In this section there were student representatives who were able to find three ideas based
on the description of the challenges regarding reactor power calibration and chose the main ideas to
be resolved.

The N-Gain value from Table 4 for the solution finding indicator is 0.12 in the low category. The
students selected thoughts or ideas to solve problems as performed on this indicator in this stage.
Figure 6 is a representative of the answers from students on one of the questions items based on the
solution finding indicator.

Question: Find the ultimate solution based on the problem you are facing!

Solution:
The solution to determine the reactor power using a non-stationary colorimetric method, is by using the
. 4aQ dr
equation P = —= H—.
dt dt

Figure 6. Student’s answer to determine solutions that are carried out based on the problems faced
by the description of the challenges of the Reactor Power Calibration course.

Figure 6 is the students’ answers to determine possible solutions based on the description of

the challenges in the Reactor Power Calibration course. Pada bagian, ini mahasiswa diminta,
menemukan solusi, pada kegiatan kalibrasi daya reaktor. In this section most of the students were

nnahle tn strensthen ideas and farmunlate the main cnlitinne for reartar nower calihratinn
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N-Gain value from Table 4 for the acceptance finding indicator is 0.01 in the low category. The
stage that students undertake on this indicator is to find acceptance of problem solutions, formulate
a plan of action and implement the solution in solving problems. Figure 7 shows a representative
answer from students on one of the question items based on the acceptance finding indicator.N-Gain
value from Table 4 for the acceptance finding indicator is 0.01 in the low category.

Question: What are the strengths and weaknesses of the solution you offer? Explain!
Strength: when measuring the temperature rise of the reactor water the reactor cooling system was not
operated

Figure 7. Student’s answer to determine the strengths and weaknesses of the solutions offered based
on the description of the challenges of the Reactor Power Calibration course.

Figure 7 provides the students' answers to determine the strengths and weaknesses of the
solutions offered in the Reactor Power Calibration course. The students are asked to determine the
strengths and weaknesses of the chosen solution. Most students were unable to identify the strengths
and weaknesses of the solutions offered in reactor power calibration. They only wrote down the
strengths of the solution and did not write down the weaknesses of the solution offered.

Based on the results of the study, the N-Gain on objective, fact, problem, and idea finding
indicators is in the medium category. This shows that students have been able to form a good
understanding of the three indicators. The stages in the thinking process begin with the stages of
forming understanding, then forming opinions, and forming conclusions (Holt, 2018; Swanson &
Collins, 2018). In this case, the best effort the students can make is to prepare the preparation stage
well, which is to formulate important information about the description of the challenge and re-read
the description. It aims to establish the intention of the author using the information available in the
text and assisted by the previous knowledge and experience of the student (Yazdanpanah, 2007).

Based on the research results, the N-Gain indicators of problem finding and acceptance finding
are in the low category. Students have difficulty finding ideas in solving problems using the right
solution. People who can find varied problem solving strategies are good problem solvers (Leung &
Kember, 2003; Cheng et al., 2018). Problem solving skills are the ability to find solutions through the
process of obtaining and organizing information (Hull et al., 2013). In problem solving skills, to form
knowledge requires various cognitive activities in obtaining and organizing information {Cheng et al.,
2018; Wu et al., 2021). In solving problems, involving previous and new knowledge, namely by
activating previous knowledge with new knowledge so that it can solve problems (Wu et al., 2021)

Conclusion
Based on the results of the study, the N-Gain results of students' problem-solving skills were 0.32
in the medium category. The N-gain results for each indicator of problem-solving skills in the medium
category are objective finding, fact finding, problem finding, and idea finding and in the low category
are solution finding and acceptance finding. Based on these findings it can be concluded that students'
problem-solving skills in nuclear physics course through NPIRL have increased. This research has

limitations that was carried out at a limited trial stage and the course was only on fission reactions. For
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Abstract: This study aimed to describe students’ problem solving skill in nuclear physics
course through the implementation of the Nuclear Physics Inquiry Remote Laboratory
(MPIRL). This study employed a pre-experimental quantitative method. The research design
was one group pretest-posttest design. The subject of the study was 14 physics students at
a university in Banjarmasin, South Kalimantan. In selecting the research subjects, the
researchers used purposive sampling technigue. The instrument used was a problem-
solving skills test in the form of an essay consisting of five questions, and each question
consisted of six indicators in problem solving skill according to the Osborn-Parnes Creative
Problem Solving (CPS). This research found that the N-gain of students' problem solving skill
was 0.32 in the medium category. There are four indicators of problem-solving skills that
are categorized as medium: objective finding, fact finding, problem finding and idea finding.
Two other low-category indicators are solution finding and acceptance finding. Based on
these findings, it is concluded that students’ problem solving skill in nuclear physics course
through NPIRL have increased.

Keywords: problem solving skill, NPIRL, nuclear physics
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Introduction

Society has benefited a lot from the results of studies on nuclear technology (Yuan et al., 2017;
Fu et al., 2018). One of nuclear technologies that is widely used is radiation engineering (Hachiya &
Akashi, 2016). This radiation technique has been widely used in the medical world, such as X-rays,
Computerized Tomography (CT)-Scans, and radiotherapy (Hachiya & Akashi, 2016), and in agriculture,
like plant breeding, post-harvest handling, and pest control (Fu et al., 2018). Radiation techniques are
also used in industry and mining, i.e, to measure plate thickness, pipe cracks, and the thickness of mine
layers (Jho et al., 2014).
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Nuclear technology is also widely used in fission reaction utilization. This technology is utilized
in the energy sector, namely Nuclear Power Plants. Furthermore, it is also used in the military field,
namely in nuclear-powered submarines and the manufacture of nuclear weapons (Balart, 2017; Fu et
al., 2018). In addition, the type of nuclear technology that is also widely used is radioactive dating in
geology, archaeology, and anthropology, to estimate the age of fossils, artifacts, or other carbon-
containing objects (Fu et al., 2018).

Even though the utilization of nuclear technology has many benefits, people's mindsets are
still dominated by the fear of taking risks (Bird et al., 2014). In society, nuclear energy is often
associated with danger and has negative effects (Bird et al., 2014; Kwok et al., 2017; Mah et al., 2014;
Sun et al., 2014; Yuan et al.,, 2015; Roh & Kim, 2017; Stefanelli et al., 2017). Nuclear negative effects
on people's mindsets can affect public acceptance of a country's nuclear technology utilization
program (Bird et al., 2014; Nguyen & Yim, 2018).

The emergence of challenges to the negative effects of nuclear energy can be answered
through education (Bhanthumnavin & Bhanthumnavin, 2014; Han et al., 2014; Brown, 2018; Hartini
& Liliasari, 2020; Hartini et al., 2021). The relationship between an understanding of nuclear physics
and the world around it, is that a good understanding of nuclear physics helps prepare people to
participate in critical discussions in areas such as national security, energy policy, and environmental
protection (OECD, 2015).

Nuclear technology is found in the discussion of Nuclear Physics which is a branch of physics.
Nuclear Physics course at several the institute of teacher training in Indonesia are in the Introduction
to Nuclear Physics course (Hartini & Liliasari, 2020). Several studies have shown that students' high-
order thinking skills are in the low category in Nuclear Physics course (Cherney et al., 2005; Hartini &
Liliasari, 2020). Based on the results of a preliminary study conducted on 23 physics students at a
university in Banjarmasin, on one of the higher order thinking skills, namely problem solving skill, is
classified as low with an average score of 16.17 out of a maximum score of 100. Problem-solving skills
are one of the foundations of 21st century learning (Sinaga et al., 2022). Problem solving skills are also
one of the important competencies expected of college graduates (Klegeris et al., 2017).

One form of lecture activity to train thinking skills in order to overcome these problems is
inquiry. Inquiry learning is learning that habits students to learn and solve problems, assume, and be
responsible for achieving understanding independently (Jerrim et al., 2022). Inquiry-based learning
requires learners to develop questions and hypotheses, collect data, analyze data, communicate and
draw conclusions (Cairns, 2019). Using these activities, students are assumed to be scientists who are
conducting experiments, and therefore higher-order thinking patterns can be built. The use of inquiry
learning has a positive effect on problem solving skills {Abaniel, 2021; Wu et al., 2021). One type of
inquiry stage is the inquiry laboratory activities (Wenning, 2005). The inquiry laboratory model can be
used as a means to confront students' preconceptions (Srisawasdi & Kroothkeaw, 2014).

Apart from that, in the Nuclear Physics course, doing real laboratory activities is also difficult
and limited (Eddahby et al., 2019). In this practicum, sophisticated equipment is required, the
equipment is expensive, maintenance is difficult, and there are fears of being exposed to radiation
when doing the practicum (Karpudewan & Chong, 2018; Malkawi & Al-Araidah, 2013). The
development of information technology has changed the view of laboratory activities towards the use
of traditional laboratories. One of them is a remote laboratory (RL). RL is an activity conducted in a
real laboratory that is connected to experimenters remotely via a network (Bhute et al., 2021). RL
provides extensive experiment accessibility without time constraints, allowing students to operate

experiments remotely and manipulate experiment variables (Karpudewan & Chong, 2018).
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Remote laboratory activities for nuclear physics have been developed and implemented by
Malkawi & Al-Araidah (2013) namely the use of the Internet Reactor Laboratory (IRL) between the
PULSTAR research reactor at North Carolina State University in the United States and the Department
of Nuclear Engineering at Jordan University of Science and Technology (JUST) in lordan; Saldikov et al.,
(2017) developed the Open Web System of Virtual Labs for Nuclear and Applied Physics which is part
of the Cyber Learning Platform for Nuclear Education (CLPANET); Yakovlev et al.,| 2017) carried out the
development of CLPANET by integrating it into educational technology; Karpudewan & Chong, (2018)
implemented Radioactivity Remote Laboratory Activities (RRLA); Syarip et al., (2018) developed
Kartini's Internet Reactor Laboratory (IRL) for nuclear education and training programs which were
then continued by Taxwim et al.,( 2020) that implementing IRL Kartini as a remote laboratory for
laboratory activities in the university. However, the results of research on remote laboratories in
Nuclear Physics have not yet trained the steps of inquiry in their implementation.

Based on these problems, a nuclear physics course program is presented using the principle of
inquiry and a remote laboratory type, namely through the Nuclear Physics Inquiry Remote Laboratory
(NPIRL). From previous research using the Nuclear Physics Inquiry Virtual Laboratory (NIVPL) it was
obtained that lectures by implementing NPIVL could improve higher-order thinking skills, namely
critical thinking skills (Hartini et al., 2022). The Nuclear Physics course program through NPIRL is carried
out in two stages. Pre-laboratory activity is the first phase of the lecturing program through the NPIRL.
This stage trains the activity of the incur which is an open question. Laboratory activities are the second
activity on the lecture program through NPIRL. This stage trains inquiry activities, i.e. giving open
questions, formulating predictions, designing experiments, conducting experimentation, collecting
and analyzing data, and drawing conclusions based on the results of research. At both stages, higher-
order thinking skills are trained, namely problem solving.

Based on this background, research was conducted on problem solving skills in nuclear physics
course through NIPRL. The purpose of this study was to describe the problem solving skills of physics
students in nuclear physics course through NPIRL. This research is expected to contribute to equipping
students with higher order thinking skills. Students who have high-order thinking skills can become

active citizens in solving problems facing the era of society 5.0.

Method

The method used in this study was pre-experimental guantitative. Table 1 depicts the design of the
study using one group pretest-posttest (Creswell & Guetterman, 2019) with O1: pretest score before
implementing the course program through NPIRL; 02: posttest score after the implementation of the
course program through NPIRL; and X: implementation of course program through NPIRL.

Tablel. One group pretest-posttest research design

Pretest Treatment Posttest
O X 0
The implementation of the course program through NPIRL was carried out by 14 physics

students at a university in Banjarmasin. The selection of research subjects used a purposive sampling
technique. Before the implementation of the course program through NPIRL was carried out, students
first worked on a pre-test. Then, after the implementation of the course program, students did the
post-test. Based on the results of the pre-test and post-test analyses, an increase in students’ problem
solving skill can be seen. The indicators of problem solving skill used refer to The Osborn-Parnes
Creative Problem Solving (CPS) Model namely objective finding, fact finding, problem finding, idea

finding, solution finding, and acceptance finding.
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In collecting the research data, an essay test instrument was used. There were five questions
on the test and each question consisted of six questions according to the problem solving skills
indicator from the Osborn-Parnes. The increase in problem solving ability was determined by
normalized N-gain based on equation (1) (Hake, 1998):

%(G)  _ (%lss)—%i(s:) (1)
%l G)ma (100—%(s;)
with: {g) = normalized average gain; {G)= average actual gain; (G )pq= average maximum possible
gain; (sr)= average posttest score rata-rata; and (s;} = average pretest score. The criteria for the

normalized gain value (g} can be seen in Table 2.

< g>==

Table 2. Normalized gain value criteria (Hake, 1998)

Value <g> Classification
<g>=0.7 High

0.7 ><g>>0.3 Medium
<g><0.3 Low

Results and Discussion

The purpose of this research was to describe the problem solving skills of physics students in
the nuclear physics lecture course NPIRL. Problem solving skills are trained through the inquiry stage
in pre-laboratory and laboratory activities. The use of a remote laboratory in this study used a remote
laboratory from the Center of Science and Accelerator Technology (PSTA) of the National Nuclear
Energy Agency (Batan) of the Indonesian National Research and Innovation Agency (BRIN), namely
Kartini's Internet Reactor Laboratory (IRL). The laboratory activities used in the fission reactions course,
namely fission reactors, include reactor power calibration, neutron flux measurement, control rod
calibration, fuel temperature reactivity coefficient and reactor criticality. Figure 1 shows the IRL display

of Kartini at the time of the reactor power calibration practicum.
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Figure 1. IRL Kartini in the reactor power calibration practicum

The normalized N-gain value was used to measure the increase in problem solving abilities.
The normalized value of N gain can be seen in Table 3.

Tabel 3. Normalized N-gain value

Pretest  Posttest N-gain Category
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4.73 35.48 0.32 Medium

Table 3 shows that the average post-test score increased when compared to the pre-test score
with a normalized N-gain of 0.32 in the medium category. This is inseparable from the implementation
of NPIRL in course programs. The NIPRL program is a course program based on inquiry-based
laboratory activities stages. The stages of inquiry laboratory activities at NPIRL to practice problem
solving skills are (1) give open questions: students formulate research questions; (2) formulate
predictions: students make research hypotheses; (3) design the experiment: students design practicum
steps and data tables of practicum results; (4] conduct the experiment: students conduct practicum
according to the practicum design that has been made; (5) collect and analyse the data: students
collect practicum data, analyze data, and perform interpretations; (6) draw conclusions: students draw
the conclusions based on the research results of the current practicum. Several studies have shown
that inquiry learning has a positive effect on problem-solving skills (Abaniel, 2021; Wu et al., 2021).
Developing problem-solving skills is a key factor in science (Ceberio, et al., 2016).

Inquiry learning is learning using a constructivist approach. Based on this approach, students
carry out inquiry activities, namely asking questions and conducting investigations using various
resources (Abaniel, 2021). One of them is with digital technology (Wu et al., 2021). The digital
technology that can be utilized is the remote laboratory (RL). RL is a laboratory activity conducted in a
real laboratory that is connected to experimenters remotely via a network (Alkhaldi et al., 2016).
Through RL, students are given experience operating experiments independently, thereby indirectly
encouraging independent learning (Grober et al., 2014), and fostering constructivism learning (Bhute
et al., 2021). Apart from involving digital technology, this lecture program involves a nuclear facility,
namely IRL Kartini from Batan BRIN Indonesia. Learning nuclear physics, especially nuclear science and
technology by involving nuclear facilities that have been developed in various countries, can increase
student and public knowledge about nuclear physics (Yakovlev et al., 2017; Karpudewan & Chong,
2018).

There is an increase in the average posttest score compared to the pretest score based on
Table 3, but the increase in problem solving skills was not optimal because the increase in each
indicator of problem-solving skills was uneven. The N-Gain achievement of each indicator of problem-
solving skills will be described in Table 4.

Table 4. Achievement of problem-solving skill each indicator

Indicator of Problem-Solving skill Pre test Post test N-Gain
Objective finding 8.32 58.57 0.55
Fact Finding 11.86 53.93 0.47
Problem Finding 6.64 50.00 0.46
Idea Finding 2.00 38.57 0.37
Solution finding 0.18 11.79 0.1z
Acceptance Finding 0.14 1.43 0.01

Table 4 shows each indicator of improved problem-solving skills based on pre-test and posttest
results. From the results of the pretest, the largest indicator value of critical problem-solving skills was
fact finding and the smallest was acceptance finding. From the results of the posttest, the largest
indicator value of problem-solving skills was objective finding and the smallest was acceptance finding.
There was a difference between the results of the pretest and posttest, namely that in the pretest the
largest indicator value was fact finding, while in the posttest, the largest indicator value was objective
finding. Table 4 also shows the N-gain which was in the moderate category in the indicators of objective
finding, fact finding, problem finding, and idea finding, while the solution and acceptance finding

indicators were in the low category.
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Based on Table 4, the N-Gain value in the objective finding indicator is 0.55 in the moderate
category. The stage that students perform on the indicator is to find a problem that is perceived as an
interference, is an attempt to identify a situation that is felt to hinder things. Figure 2 is a
representative answer from students on one of the questions for the question items based on the
objective finding indicators.

Question: After reading the information above, in your opinion, what are the challenges faced by Rani in
calibrating the reactor power? Determine the main challenges faced by Rani.

Answer:

Challenge:

1. Determine the reactor power using the nuclear method

2. Determine the reactor power using the stationary calorimeter method

3. Determine the reactor power using the non-stationary calorimeter method

Main Challenge:

Determine the reactor power using the non-stationarv calorimeter method.

Figure 2. Student answers to determine the challenges based on the description of the

challenges in the Reactor Power Calibration course.

Figure 2 is the students' answers to determine the challenges based on the description of the
challenges in the Reactor Power Calibration course. In this section, there are representatives that
students are able to express the challenges faced in the description of challenges regarding reactor
power calibration, namely that reactor power can be determined using the nuclear method, the
stationary calorimeter method and the non-stationary calorimeter method. Students are able to
determine the priority of challenges among the three challenges that have been disclosed.

The N-Gain value from Table 4 for the fact-finding indicator is 0.47 in the moderate category.
The stage that students perform on such indicators is to find all known facts related to a situation
necessary to identify essential information unknown to that situation. Figure 3 is a representative

answer from students on one of the questions items based on the fact- finding indicator.

Question: What information do you think affected the situation that needs to be recorded? Prioritize the

information based on its impact on the challenges you prioritize.

Influential information:

1. Nuclear power calibration is carried out by measuring the neutron flux directly on each fuel element,
and can only be done at low power operation.

2. Calibration of power using the calorimetry method, namely measuring the temperature rise of the
cooling water caused by the heat of fission in the reactor core which is transferred to the cooling
water.,

3. Calibration by calorimetry two two kinds: non-stationary and stationary. In the stationary method,
the reactor is operated with the cooling system running. In the non-stationary method, the reactor is
operated with the cooling system not running

Priority information:

There are two types of calibration by calorimetry, namely non-stationary and stationary. In the stationary

method, the reactor is operated with the cooling system running. In the non-stationary method, the

reactor is operated with the cooling system not running.

Figure 3. Students' answers to determine the information that influences the description of the

challenges of the Reactor Power Calibration course

Figure 3 shows the students' answers to determine influential information based on the
description of the challenges in the Reactor Power Calibration course. In this section, the students

were asked to find important information and determine the information that is a priority in the
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calibration activities of the reactor power. There were representatives in which students were able to
determine influential information based on the description of challenges regarding reactor power
calibration and were able to determine priority information/ facts.

Then, Table 4 also shows the N-Gain value for the problem finding indicator is 0.46 in the
moderate category. It is the stage that the students performed on such indicators to identify all
possible problem statements and then select the most important or underlying problem. Figure 4 is a
representative answer from students on one of the questions items based on the problem finding

indicator.

Question: What problems do you think might be faced? Determine the main problem based on the
challenges you prioritize

Possible problem:

1. How to determine the reactor power using the nuclear method.

2. How to determine the reactor power using the stationary calorimeter method.

3. How to determine the reactor power using the non-stationary calorimeter method.

Priority problem:

How to determine reactor power using non-stationary calorimeter method.

Figure 4. Student’s answer to determine the problem based on the description of the challenges in the

Reactor Power Calibration course

Figure 4 is the student's answer to determine the problem based on the description of the challenge
in the Reactor Power Calibration course. In this section, the students were asked to formulate the
problem and determine the formula of the problem that is a priority in the calibration activities of the
reactor power. There were some students who were able to determine problems based on the
description of challenges regarding reactor power calibration and were able to determine priority
information/facts.

The M-Gain value from Table 4 for the idea finding indicator is 0.37 in the moderate category.
The stage that the students performed on this indicator was to find a number of ideas or problem-
solving ideas. Figure 5 is a representative answer from students on one of the question items based on

the idea finding indicator.

Question: What ideas might be done to solve the problem? Please explain! Find your main idea based on

the problem you choose.

Possible ideas:

1. To determine the reactor power using the nuclear method by measuring the flux of neutrons in the
reactor core.

2. To determine the reactor power using the stationary calorimeter method is by measuring the
temperature of the water leaving and entering the reactor core

3. To determine the reactor power using the non-stationary calorimeter method is by measuring the
rate of rise of the tank water temperature at a constant reactor power level.

Selected main ideas:

To determine the reactor power using the non-stationary calorimeter method is by measuring the rate

of rise of the tank water temperature at a constant reactor power level.

Figure 5. Student’s answer to determine possible ideas based on the description of the challenges of

the Reactor Power Calibration course
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Figure 5 is the students' answers to determine ideas that might be carried out based on the
description of the challenges in the Reactor Power Calibration course. Students were asked to find as
many ideas as possible to solve reactor power calibration problems and determine the main ideas to
be solved. In this section there were student representatives who were able to find three ideas based
on the description of the challenges regarding reactor power calibration and chose the main ideas to
be resolved.

The N-Gain value from Table 4 for the solution finding indicator is 0.12 in the low category. The
students selected thoughts or ideas to solve problems as performed on this indicator in this stage.
Figure 6 is a representative of the answers from students on one of the questions items based on the

solution finding indicator.

Question: Find the ultimate solution based on the problem you are facing!
Solution:
The solution to determine the reactor power using a non-stationary colorimetric method, is by using the

on P = 92—yt
equation P = = = H o

Figure 6. Student’s answer to determine solutions that are carried out based on the problems faced

by the description of the challenges of the Reactor Power Calibration course

Figure & depicts the students' answers to determine possible solutions based on the
description of the challenges in the Reactor Power Calibration course. The students are asked to find
solutions to the calibration activity of the reactor power. In this section, most of the students were
unable to strengthen their ideas and formulate the main solutions for reactor power calibration.

N-Gain value from Table 4 for the acceptance finding indicator is 0.01 in the low category. The
stage that students undertake on this indicator is to find acceptance of problem solutions, formulate
a plan of action and implement the solution in solving problems. Figure 7 shows a representative

answer from students on one of the question items based on the acceptance finding indicator.

Question: What are the strengths and weaknesses of the solution you offer? Please explain!
Strength: when measuring the temperature rise of the reactor water the reactor cooling system was not
operated

Figure 7. Student’s answer to determine the strengths and weaknesses of the solutions offered based

on the description of the challenges of the Reactor Power Calibration course

Figure 7 provides the students' answers to determine the strengths and weaknesses of the
solutions offered in the Reactor Power Calibration course. The students are asked to determine the
strengths and weaknesses of the chosen solution. Most students were unable to identify the strengths
and weaknesses of the solutions offered in reactor power calibration. They only wrote down the

strengths of the solution and did not write down the weaknesses of the solution offered.

Based on the results of the study, the N-Gain on objective, fact, problem, and idea finding
indicators is in the medium category. This shows that students have been able to form a good
understanding of the three indicators. The stages in the thinking process begin with the stages of
forming understanding, then forming opinions, and forming conclusions (Holt, 2018; Swanson &
Collins, 2018). In this case, the best effort the students can make is to prepare the preparation stage

well, which is to formulate important information about the description of the challenge and re-read
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the description. It aims to establish the intention of the author using the information available in the
text and assisted by the previous knowledge and experience of the student (Yazdanpanah, 2007).

The N-Gain indicators of problem finding and acceptance finding are in the low category.
Students have difficulty finding ideas in solving problems using the right solution. People who can find
varied problem solving strategies are good problem solvers (Leung & Kember, 2003; Cheng et al.,
2018). Problem solving skills are the ability to find solutions through the process of obtaining and
organizing information (Hull et al., 2013). In problem solving skills, forming knowledge requires various
cognitive activities in obtaining and organizing information (Cheng et al., 2018; Wu et al., 2021). In
solving problems, involving previous and new knowledge, namely by activating previous knowledge

with new knowledge so that it can solve problems (Wu et al., 2021).

Conclusion
Based on the results of the study, the N-Gain results of students' problem-solving skills were 0.32
in the medium category. The N-gain results for each indicator of problem-solving skills in the medium
category are objective finding, fact finding, problem finding, and idea finding, and in the low category
are solution finding and acceptance finding. Thus, it is concluded that students' problem-solving skills
in nuclear physics course through NPIRL have increased. This research has limitations that was carried
out at a limited trial stage and the course was only on fission reactions. For further research, it can be

implemented in broader research and implemented in other higher-order thinking skills.

References

Abaniel, A. (2021). Enhanced conceptial understanding, 21st century skill and learning attitudes
through an open inuiry learning model in Physics. Journal of Technology and Science Education
(JOTSE), 11(1), 30-43.

Alkhaldi, T., Pranata, |, & Athauda, R. I. (2016). A review of contemporary virtual and remote
laboratory implementations: observations and findings. Journal of Computers in Education, 3(3),
329-351. https://doi.org/10.1007/540692-016-0068-z

Balart, F. C. (2017). On the Development of Nuclear Physics in Cuba. Nuclear Physics News, 27(4), 33—
37. https://doi.org/10.1080/10619127.2017.1351221

Bhanthumnavin, D & Bhanthumnavin, V. (2014). The empirical development of cognitive, affective,
and behavioral tendency measures of attitudes toward nuclear power plants in Thai university
students. Progress in Nuclear Energy, 73, 86—95.

Bhute, V.J; Inguva, P; Shah, U;&Brechtelsbauer, C. (2021). Transforming traditional teaching
laboratories for effective remote delivery. Education for Chemical Engineers, 35, 96—104.

Bird, D. K.; Haynes, K.; Honer, R. v d; Aneney, J. M., & Poortinga, W. (2014). Nuclear power in Australia:
A comparative analysis of public opinion regarding climate change and the Fukushima disaster.
Energi Policy, 65, 644—653.

Brown, K. (2018). The effects of a university research reactor’s outreach program on students’
attitudes and knowledge about nuclear radiation. Research in Science & Technological Education,
36, 484-498.

Cairns, D. (2019). Investigating the relationship between instructional practices and science
achievement in an inquiry-based learning environment. International Journal of Science
Education, 41(15), 2113-2135. https://doi.org/10.1080/09500693.2019.1660927

Ceberio, M., Almudi, 1. M., & Franco, A. (2016). Design and Application of Interactive Simulations in

Copyright © 2020, Momentum: Physics Education Journal, ISSN 2548-9127 (print) | 2548-9135 (online)



Momentum: Physics Education Journal, X (X), xxxx, x
First Author, Second Author, Third Author

Problem-Solving in University-Level Physics Education. Journal of Science Education and
Technology, 25(4), 590-609. https://doi.org/10.1007/510956-016-9615-7

Cheng, S. C., She, H. C., & Huang, L. Y. (2018). The impact of problem-solving instruction on middle
school students’ physical science learning: Interplays of knowledge, reasoning, and problem
solving. Eurasia Journal of Mathematics, Science and Technology Education, 14(3), 731-743.
https://doi.org/10.12973/ejmste,/80902

Cherney, 1.D; Winter, J,A; Cherney, M. . (2005). Nuclear Physics Problem Solving: A Case Study of
Expert-Novice Differences. Transactions of the Nebraska Academy of Science, 30, 9-15.

Creswell, J.W., & Guetterman, T.C, (2019). Educational Research: Planning, Conducing, and Evaluating
Quantitative and Qualitative Research, 6th ed. (Boston: Pearson).

Eddahby, M.; Harir, S., & Zouhair, A. (2019). The Student ' s Conceptions about the Nuclear Fission and
Fusion. International Journal of Innovation and Research in Educational Sciences, 4(4), 441-445

Fu, H. Z.; Chu, J., & Zhang, M. (2018). In-depth analysis of international collaboration and inter-
institutional collaboration in nuclear science and technology during 2006-2015. Journal of
Nuclear Science and Technology, 55(1), 29-40. https://doi.org/10.1080/00223131.2017.1383209

Grisber, S., Eckert, B., & Jodl, H. J. (2014). A new medium for physics teaching: Results of a worldwide
study of remotely controlled laboratories (RCLs). European Journal of Physics, 35(1).
https://doi.org/10.1088/0143-0807/35/1/018001

Hachiya, M., & Akashi, M. (2016). Lessons learned from the accident at the Fukushima Dai-Ichi Nuclear
Power Plant-more than basic knowledge: Education and its effects improve the preparedness and
response to radiation emergency. Radiation Protection Dosimetry, 171(1), 27-31.
https://doi.org/10.1093/rpd/ncw182

Hake. R. R. (1998). Interactive -engagement versus traditional methods: A six-thousand student survei
of mechanics test data for introductionary physics cource. American Journal Physics, 66(1), 64—
67.

Han, E.O.; Kim, J.R & Choi, Y. S. (2014). Education Effects Of Radiation Woork-Study Activities For
Elementary, Middle, and High School Students. Nuclear Enginering, 46(3), 447—460.

Hartini, S;, & Liliasari, S. {2020). Investigation in the introductionary nuclear physics course for pre-
service physics teachers. IOP Journal of Physics: Conference Series, 1521, 022055.

Hartini, S.; Abdullah, A. G.; Liliasari, 5.; Sinaga, P.; Setiadipura, T., & Biddinika, M. K. (2021). Pre-Service
Physics Teacher'S Knowledge and Attitude: an Investigation on Nuclear Science and Technology
Topics. Journal of Engineering Science and Technology, 16, 26—33.

Hartini, 5.; Liliasari, L.; Sinaga, P. & Abdullah, A. G. (2022). Implementation of NPIVL to Improve Critical
Thinking Skills of Pre-Service Physics Teacher. Berkala llmiah Pendidikan Fisika, 10(3), 362.
https://doi.org/10.20527/bipf.v10i3.15042

Holt, E. (2018). Acknowledging Creative Thinking Skills Educating for a Creative Future. (UK: Erasmus
and The Steiner Waldorf Schools Fellowship)

Hull, M. M., Kuo, E., Gupta, A., & Elby, A. (2013). Problem-solving rubrics revisited: Attending to the
blending of informal conceptual and formal mathematical reasoning. Physical Review Special
Topics-Physics Education Research, 9(1), 0101051-01010516.

Jerrim, J.; Oliver, M., & Sims, 5. (2022). Erratum: The relationship between inquiry-based teaching and
students’ achievement. New evidence from a longitudinal PISA study in England. Learning and
Instruction 61 (35-44), (S095947521830361X), (10.1016/j.learninstruc.2018.12.004))

Jho, H; Yoon, H.G.; & Kim, M. (2014). The relationship of science knowledge, attitude, and decision
making on socioscientific issue: the case study of students’ debates on a nuclear power plant in
Korea. Sci & Educ, 23, 1131-1151.

Karpudewan, M, & Chong, T. Y. (2018). Evaluating Radioactivity Remote Laboratory’s Effectiveness in
Learning Radioactivity Concepts. Research in Science Education. 50 (2) : 2243-2268

Copyright © 2020, Momentum: Physics Education Journal, 155N 2548-9127 (print) | 2548-9135 (online}



Momentum: Physics Education Journal, X (X), xxx, x
First Author, Second Author, Third Author

Klegeris, A.; McKeown, S. B.; Hurren, H.; Spielman, L. J; Stuart, M., & Bahniwal, M. (2017). Dynamics
of undergraduate student generic problem-seolving skills captured by a campus-wide study.
Higher Education, 74(5), 877—896. https://doi.org/10.1007/510734-016-0082-0

Kwok, T. F; Yeung, C.H; & Xu, Y. (2017). Swaying public opinion on nuclear energy: Afield experiment
in Hong Keng. Untilities Policy, 46, 48-57.

Leung, D. Y., & Kember, D. (2003). The relationship between approaches to learning and reflection
upon practice. Educational Psychology, 23(1), 61-71.

Mah, D. N.; Hills P., & Tao, J. (2014). Risk pereception ,trust, and public engagement in nuclear decision-
making in Hongkeng. Energi Policy, 73, 368-390.

Malkawi, S., & Al-Araidah, 0. (2013). Students’ assessment of interactive distance experimentation in
nuclear reactor physics laboratory. European Journal of Engineering Education, 38(5), 512-518.

Nguyen, V.P & Yim, M. S. (2018). Examination of different socioeconomic factors that contribute to the
public acceptance of nuclear energy. Nuclear Engineering and Technology, 50, 767-772.

OECD. (2015). Assessment and Analytical Framework: Science, Reading, Mathematic, Financial Literacy
and Collaborative Problem Solving (revised edition). OECD Publishing.

Roh, S., & Kim, D. (2017). Effect of Fukushima accident on public acceptance of nuclear energy
(Fukushima accident and nuclear public acceptance). Energy Sources, Part B: Economics,
Planning, and Policy. 12 (6): 559-564.

Saldikov, I. S.; Afa, N. V. V.; Petrov, V. |, & Ternovykh, M. Y. (2017). Open web system of virtual labs
for nuclear and applied physics. IOP Journal of Physics: Conference Series, 781.

Sinaga, P.; Setiawan, W., & Liana, M. (2022). The impact of electronic interactive teaching materials
(EITMs) in e-learning on junior high school students’ critical thinking skills. Thinking Skills and
Creativity, 46(101066).

Srisawasdi, N., & Kroothkeaw, S. (2014). Supporting Students’ Conceptual Development of Light
Refraction by Simulation-Based Open Inquiry with Dual-Situated Learning Medel. J. Comput,
Educ, 1(1), 49-79.

Stefanelli; Seidl, R., & Siegrist, M. (2017). The discursive politics of nuclear waste: Rethinking
participatory approaches and public perceptions over nuclear waste storage repositories in
Switzerland. Energy Research&Social Science. 34, 72-81.

Sun, C.; Zhu, X., & Meng, X. (2014). Post-Fukushima public acceptance on resuming the nuclear power
program in China. Renewable and Sustainable Energy Reviews, 62, 685—-694.

Swanson, H., & Collins, A. (2018). How failure is productive in the creative process: Refining student
explanations through theory-building discussion. Thinking Skills and Creativity, 30, 54—63.

Syarip, S; Abimanyu, A; Hidayat, U S; Taxwim & Wahyono, P. |. (2018). Development of Internet Reactor
Laboratory Using Kartini Reactor for Training and Education. Electrical Power, Electronics,
Communications, Controls and Informatics Seminar (EECCIS), 411-414.

Taxwim; Hidayat, U. S.; Susanto, T. H; Subchan, M; Sugianto, E.; Anugerah, A. F; Aufani, N.; Baskoro,
Z.; Satria, R., & Karsono, W. (2020). The current status of the internet reactor laboratory kartini
research reactor for distance learning especially for higher education. IOP Journal of Physics:
Conference Series, 1436(1), 012088. https://doi.org/10.1088/1742-6596/1436/1/012088

Wenning, C. J. (2005). Levels of inquiry: Hierarchies of pedagogical practices and inquiry processes. J.
Phys. Teach. Educ.Online, 2(3), 3—-12.

Wu, J.; Guo, R;; Wang, Z., & Zeng, R. (2021). Integrating spherical video-based virtual reality into
elementary school students’ scientific inquiry instruction: effects on their problem-solving
performance. Interactive Learning Environments, 29(3), 496-509.
https://doi.org/10.1080/10494820.2019.1587469

Yakovlev, D.; Pryakhin, A., & Medvedeva, L. (2017). Overview of Codes and Tolls for Nuclear
Engineering Education. AIP Conference Proceedings, 1797(020019).

Copyright © 2020, Momentum: Physics Education Journal, ISSN 2548-9127 (print) | 2548-9135 (online)



4. Bukti Konfirmasi Artikel Accepted (12 Juni 2023)



M Gmail Q_ momentum X

orves @ © 3 @umun @

€ @ O W &8 O & B D <
/ Compose
A & Inbox 819 C-Manuskrip_Sri... ' 4 C-A-Manuskrip_S... y
Chat Yr Starred
(@] Q® Snoozed
Meet B Sent eJournal UNIKAMA -<ejournal@unikama ac.id> Mon, Jun 12, 2023, 1245PM Y% € :
0 tome v
[ Drafts 1
Sri Hartini:
v More
The editing of your submission, "Students’ Problem Solving Skill in Nuclear Physics Course through NPIRL," is complete. We are now sending it
Labels + to production.
URL: 1) unikama.ac.id/index. ion/8567
= Mi Gmail Q momentum X @nctive~r (D @ @ s, e
(99} « =] & D i <
g 7 teea B 0 ® 0O ¢ 8
Mail
mpej] Editor Decision (Exemal) inbox < Y 8 B
Jm & Inbox 819 [ P! J] (Eetam ~
chax Yr Starred . eJournal UNIKAMA <gjournal@unikama.ac.id> @ Jun12,2023,1245PM ¢ & i
‘@® wvme-~
(a] ® Snoozed
Meet B Sent Sri Hartini:
[) Drafts 16 We have reached a decision regarding your i to Physics Journal, "Students’ Problem Solving Skill in Nuclear
Physics Course through NPIRL".
v More
Our decision is to: Accepted
Labels +

Editor
Momentum: Physiscs Education Journal



5. Bukti Konfirmasi Artikel Published Online (3 Agustus 2023)



Momentum: Physics Education Journal )
7(2), 2023, 279-289

Available at: ejournal.unikama.ac.idfindex. php/momentum L]

ISSN 2548-9127(print) | 2548-9135 (online)

Students’ problem solving skill in nuclear physics course through
NPIRL

Sri Hartini*™*, Liliasari®, Parlindungan Sinaga®

*Universitas Pendidikan Indonesia, Dr. Setiabudhi St. N0.229, Bandung, West Java, 40154, Indonesia
PUniversitas Lambung Mangkurat, Brigien H Hasan Basri St. Banjarmasin, South Kalimantan, 70123, Indonesia
e-mail: srihartini@upi.edu
* Corresponding Author.

Received: 27 May 2023; Revised: 2 June 2023; Accepted: 12 June 2023

Abstract: This study aimed to describe students’ problem solving skill in nuclear physics
course through the implementation of the Nuclear Physics Inquiry Remote Laboratory
(NPIRL). This study employed a pre-experimental quantitative method. The research design
was one group pretest-posttest design. The subject of the study was 14 physics students at
a university in Banjarmasin, South Kalimantan. In selecting the research subjects, the
researchers used purposive sampling technigue. The instrument used was a problem-
solving skills test in the form of an essay consisting of five questions, and each guestion
consisted of six indicators in problem solving skill according to the Osborn-Parnes Creative
Problem Solving (CPS). This research found that the M-gain of students' problem solving skill
was 0.32 in the medium category. There are four indicators of problem-solving skills that are
categorized as medium: objective finding, fact finding, problem finding and idea finding.
Two other low-category indicators are solution finding and acceptance finding. Based on
these findings, it is concluded that students” problem solving skill in nuclear physics course
through NPIRL have increased.
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Introduction

Society has benefited a lot from the results of studies on nuclear technology (Yuan et al., 2017;
Fu et al., 2018). One of nuclear technologies that is widely used is radiation engineering (Hachiya &
Akashi, 2016). This radiation technique has been widely used in the medical world, such as X-rays,
Computerized Tomography (CT)-Scans, and radiotherapy (Hachiya & Akashi, 2016), and in agriculture,
like plant breeding, post-harvest handling, and pest control (Fu et al., 2018). Radiation techniques are
also used in industry and mining, i.e, to measure plate thickness, pipe cracks, and the thickness of mine
layers {Jho et al., 2014).

Nuclear technology is also widely used in fission reaction utilization. This technology is utilized
in the energy sector, namely Nuclear Power Plants. Furthermore, it is also used in the military field,
namely in nuclear-powered submarines and the manufacture of nuclear weapons (Balart, 2017; Fu et
al., 2018). In addition, the type of nuclear technology that is also widely used is radioactive dating in
geology, archaeology, and anthropology, to estimate the age of fossils, artifacts, or other carbon-
containing objects (Fu et al., 2018).

Even though the utilization of nuclear technology has many benefits, people's mindsets are still
dominated by the fear of taking risks (Bird et al., 2014). In society, nuclear energy is often associated
with danger and has negative effects (Bird et al., 2014; Kwok et al., 2017; Mah et al., 2014; Sun et al.,
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2014; Yuan et al., 2015; Roh & Kim, 2017; Stefanelli et al., 2017). Nuclear negative effects on people's
mindsets can affect public acceptance of a country's nuclear technology utilization program (Bird et al.,
2014; Nguyen & Yim, 2018).

The emergence of challenges to the negative effects of nuclear energy can be answered through
education (Bhanthumnavin & Bhanthumnavin, 2014; Han et al., 2014; Brown, 2018; Hartini & Liliasari,
2020; Hartini et al., 2021). The relationship between an understanding of nuclear physics and the world
around it, is that a good understanding of nuclear physics helps prepare people to participate in critical
discussions in areas such as national security, energy policy, and environmental protection (OECD,
2015).

MNuclear technelogy is found in the discussion of Nuclear Physics which is a branch of physics.
Nuclear Physics course at several the institute of teacher training in Indonesia are in the Introduction
to Muclear Physics course (Hartini & Liliasari, 2020). Several studies have shown that students' high-
order thinking skills are in the low category in Nuclear Physics course (Cherney et al., 2005; Hartini &
Liliasari, 2020). Based on the results of a preliminary study conducted on 23 physics students at a
university in Banjarmasin, on one of the higher order thinking skills, namely problem solving skill, is
classified as low with an average score of 16.17 out of a maximum score of 100. Problem-solving skills
are one of the foundations of 21st century learning (Sinaga et al., 2022). Problem solving skills are also
one of the important competencies expected of college graduates (Klegeris et al., 2017).

One form of lecture activity to train thinking skills in order to overcome these problems is inquiry.
Inquiry learning is learning that habits students to learn and solve problems, assume, and be
responsible for achieving understanding independently (Jerrim et al., 2022). Inquiry-based learning
requires learners to develop questions and hypotheses, collect data, analyze data, communicate and
draw conclusions (Cairns, 2019). Using these activities, students are assumed to be scientists who are
conducting experiments, and therefore higher-order thinking patterns can be built. The use of inquiry
learning has a positive effect on problem selving skills (Abaniel, 2021; Wu et al., 2021). One type of
inquiry stage is the inquiry laboratory activities (Wenning, 2005). The inquiry laboratory model can be
used as a means to confront students' preconceptions (Srisawasdi & Kroothkeaw, 2014).

Apart from that, in the Nuclear Physics course, doing real laboratory activities is also difficult and
limited (Eddahby et al., 2019). In this practicum, sophisticated eguipment is required, the equipment
is expensive, maintenance is difficult, and there are fears of being exposed to radiation when doing the
practicum (Karpudewan & Chong, 2018; Malkawi & Al-Araidah, 2013). The development of information
technology has changed the view of laboratory activities towards the use of traditional laboratories.
One of them is a remote laboratory (RL). RL is an activity conducted in a real laboratory that is
connected to experimenters remotely via a network (Bhute et al.,, 2021). RL provides extensive
experiment accessibility without time constraints, allowing students to operate experiments remotely
and manipulate experiment variables (Karpudewan & Chong, 2018).

Remote laboratory activities for nuclear physics have been developed and implemented by
Malkawi & Al-Araidah (2013) namely the use of the Internet Reactor Laboratory (IRL) between the
PULSTAR research reactor at North Carolina State University in the United States and the Department
of Nuclear Engineering at Jordan University of Science and Technology (JUST) in Jordan; Saldikov et al.,
(2017) developed the Open Web System of Virtual Labs for Nuclear and Applied Physics which is part
of the Cyber Learning Platform for Nuclear Education (CLPANET); Yakovlev et al.,( 2017) carried out the
development of CLPANET by integrating it into educational technology; Karpudewan & Chong, (2018)
implemented Radioactivity Remote Laboratory Activities (RRLA); Syarip et al., (2018) developed
Kartini's Internet Reactor Laboratory (IRL) for nuclear education and training programs which were then
continued by Taxwim et al.,{ 2020) that implementing IRL Kartini as a remote laboratory for laboratory
activities in the university. However, the results of research on remote laboratories in Nuclear Physics
have not yet trained the steps of inquiry in their implementation.

Based on these problems, a nuclear physics course program is presented using the principle of
inquiry and a remote laboratory type, namely through the Nuclear Physics Inquiry Remote Laboratory
(NPIRL). From previous research using the Nuclear Physics Inquiry Virtual Laboratory (NIVPL) it was
obtained that lectures by implementing NPIVL could improve higher-order thinking skills, namely
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critical thinking skills (Hartini et al., 2022). The Nuclear Physics course program through NPIRL is carried
out in two stages. Pre-laboratory activity is the first phase of the lecturing program through the NPIRL.
This stage trains the activity of the incur which is an open guestion. Laboratory activities are the second
activity on the lecture program through NPIRL. This stage trains inquiry activities, i.e. giving open
questions, formulating predictions, designing experiments, conducting experimentation, collecting and
analyzing data, and drawing conclusions based on the results of research. At both stages, higher-order
thinking skills are trained, namely problem solving.

Based on this background, research was conducted on problem solving skills in nuclear physics
course through NIPRL. The purpose of this study was to describe the problem solving skills of physics
students in nuclear physics course through NPIRL. This research is expected to contribute to equipping
students with higher order thinking skills. Students who have high-order thinking skills can become
active citizens in solving problems facing the era of society 5.0.

Method

The method used in this study was pre-experimental quantitative. Table 1 depicts the design of
the study using one group pretest-posttest (Creswell & Guetterman, 2019) with O1: pretest score
before implementing the course program through NPIRL; O2: posttest score after the implementation
of the course program through NPIRL; and X: implementation of course program through NPIRL.

Table 1. One group pretest-posttest research design
Pretest Treatment Posttest
(o]} X 0z

The implementation of the course program through NPIRL was carried out by 14 physics students
at a university in Banjarmasin. The selection of research subjects used a purposive sampling technigue.
Before the implementation of the course program through NPIRL was carried out, students first worked
on a pre-test. Then, after the implementation of the course program, students did the post-test. Based
on the results of the pre-test and post-test analyses, an increase in students’ problem solving skill can
be seen. The indicators of problem solving skill used refer to The Osborn-Parnes Creative Problem
Solving (CPS) Model namely objective finding, fact finding, problem finding, idea finding, solution
finding, and acceptance finding.

In collecting the research data, an essay test instrument was used. There were five questions on
the test and each question consisted of six questions according to the problem solving skills indicator
from the Osborn-Parnes. The increase in problem solving ability was determined by normalized N-gain
based on equation (1) (Hake, 1998):
%(G) _ (%lsr)—%i{s:)

97T e (100-3%(s)

(1)

with: {g) = normalized average gain; {G)= average actual gain; (G},o-= average maximum
possible gain; (s )= average postiest score rata-rata; and (s;) = average pretest score. The criteria for

the normalized gain value {g) can be seen in Table 2.

Table 2. Normalized gain value criteria (Hake, 1998)

Value <g> Classification

<g> =07 High
0.7><g>>=0.3 Medium

<g><0.3 Low
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Results and Discussion

The purpose of this research was to describe the problem solving skills of physics students in the
nuclear physics lecture course NPIRL. Problem solving skills are trained through the inquiry stage in
pre-laboratory and laboratory activities. The use of a remote laboratory in this study used a remote
laboratory from the Center of Science and Accelerator Technology (PSTA) of the National Nuclear
Energy Agency (Batan) of the Indonesian National Research and Innovation Agency (BRIN), namely
Kartini's Internet Reactor Laboratory (IRL). The laboratory activities used in the fission reactions course,
namely fission reactors, include reactor power calibration, neutron flux measurement, control rod
calibration, fuel temperature reactivity coefficient and reactor criticality. Figure 1 shows the IRL display
of Kartini at the time of the reactor power calibration practicum.

Computer ] | 1L
[ S i M e ¥ Dt A Shari U Soidown W Stop ﬁ
e e e~ Cme | —

Power Meier Reacion Vevsel Pasameter Reacior (oolng Sysiem Parsmeter

i

AAEEEAEAEAR
LTEIEXEEIEXEY)

L EEE

E

Figure 1. IRL Kartini in the reactor power calibration practicum

The normalized N-gain value was used to measure the increase in problem solving abilities. The
normalized value of N gain can be seen in Table 3.

Table 3. Normalized N-gain value
Pretest Posttest N-gain Category
4,73 35.48 0.32 Medium

Table 3 shows that the average post-test score increased when compared to the pre-test score
with a normalized N-gain of 0.32 in the medium category. This is inseparable from the implementation
of NPIRL in course programs. The NIPRL program is a course program based on inquiry-based laboratory
activities stages. The stages of inquiry laboratory activities at NPIRL to practice problem solving skills
are (1) give open questions: students formulate research questions; (2) formulate predictions: students
make research hypotheses; (3) design the experiment: students design practicum steps and data tables
of practicum results; (4) conduct the experiment: students conduct practicum according to the
practicum design that has been made; (5) collect and analyse the data: students collect practicum data,
analyze data, and perform interpretations; (6) draw conclusions: students draw the conclusions based
on the research results of the current practicum. Several studies have shown that inquiry learning has
a positive effect on problem-solving skills (Abaniel, 2021; Wu et al., 2021). Developing problem-solving
skills is a key factor in science (Ceberio, et al., 2016).

Inquiry learning is learning using a constructivist approach. Based on this approach, students
carry out ingquiry activities, namely asking questions and conducting investigations using various
resources (Abaniel, 2021). One of them is with digital technology (Wu et al., 2021). The digital
technology that can be utilized is the remote laboratory (RL). RL is a laboratory activity conducted in a
real laboratory that is connected to experimenters remotely via a network (Alkhaldi et al., 2016).
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Through RL, students are given experience operating experiments independently, thereby indirectly
encouraging independent learning (Grober et al., 2014}, and fostering constructivism learning (Bhute
et al., 2021). Apart from involving digital technology, this lecture program involves a nuclear facility,
namely IRL Kartini from Batan BRIN Indonesia. Learning nuclear physics, especially nuclear science and
technology by involving nuclear facilities that have been developed in various countries, can increase
student and public knowledge about nuclear physics (Yakovlev et al., 2017; Karpudewan & Chong,
2018).

There is an increase in the average posttest score compared to the pretest score based on Table
3, but the increase in problem solving skills was not optimal because the increase in each indicator of
problem-solving skills was uneven. The N-Gain achievement of each indicator of problem-solving skills
will be described in Table 4.

Table 4. Achievement of problem-solving skill each indicator

Indicator of Problem-Solving Skill Pre test Post test N-Gain
Objective finding 8.32 58.57 0.55
Fact Finding 11.86 53.93 0.47
Problem Finding 6.64 50.00 0.46
Idea Finding 2.00 38.57 0.37
Solution finding 0.18 11.79 0.12
Acceptance Finding 0.14 1.43 0.01

Table 4 shows each indicator of improved problem-solving skills based on pre-test and posttest
results. From the results of the pretest, the largest indicator value of critical problem-solving skills was
fact finding and the smallest was acceptance finding. From the results of the posttest, the largest
indicator value of problem-solving skills was objective finding and the smallest was acceptance finding.
There was a difference between the results of the pretest and posttest, namely that in the pretest the
largest indicator value was fact finding, while in the posttest, the largest indicator value was objective
finding. Table 4 also shows the N-gain which was in the moderate category in the indicators of objective
finding, fact finding, problem finding, and idea finding, while the solution and acceptance finding
indicators were in the low category.

Based on Table 4, the N-Gain value in the objective finding indicator is 0.55 in the moderate
category. The stage that students perform on the indicator is to find a problem that is perceived as an
interference, is an attempt to identify a situation that is felt to hinder things. Figure 2 is a representative
answer from students on one of the questions for the question items based on the objective finding
indicators.

Question: After reading the information above, in your opinion, what are the challenges faced by Raniin
calibrating the reactor power? Determine the main challenges faced by Rani.

Answer:

Challenge:

1. Determine the reactor power using the nuclear method

2. Determine the reactor power using the stationary calorimeter method

3. Determine the reactor power using the non-stationary calorimeter method

Main Challenge:

Determine the reactor power using the non-stationary calorimeter method.

Figure 2. Student answers to determine the challenges based on the description of the challenges in the
Reactor Power Calibration course

Figure 2 is the students' answers to determine the challenges based on the description of the
challenges in the Reactor Power Calibration course. In this section, there are representatives that
students are able to express the challenges faced in the description of challenges regarding reactor
power calibration, namely that reactor power can be determined using the nuclear method, the
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stationary calorimeter method and the non-stationary calorimeter method. Students are able to
determine the priority of challenges among the three challenges that have been disclosed.

The N-Gain value from Table 4 for the fact-finding indicator is 0.47 in the moderate category. The
stage that students perform on such indicators is to find all known facts related to a situation necessary
to identify essential information unknown to that situation. Figure 3 is a representative answer from
students on one of the questions items based on the fact- finding indicator.

Question: What information do you think affected the situation that needs to be recorded? Prioritize the

information based on its impact on the challenges you prioritize.

Influential information:

1. Nuclear power calibration is carried out by measuring the neutron flux directly on each fuel element, and
can only be done at low power operation.

2. Calibration of power using the calorimetry method, namely measuring the temperature rise of the cooling
water caused by the heat of fission in the reactor core which is transferred to the cooling water.

3. Calibration by calorimetry two two kinds: non-stationary and stationary. In the stationary method, the
reactor is operated with the cooling system running. In the non-stationary method, the reactor is operated
with the cooling system not running

Priority information:

There are two types of calibration by calorimetry, namely non-stationary and stationary. In the stationary

method, the reactor is operated with the cooling system running. In the non-stationary method, the reactor

is operated with the cooling system not running.

Figure 3. Students' answers to determine the information that influences the description of the challenges of
the Reactor Power Calibration course

Figure 3 shows the students' answers to determine influential information based on the
description of the challenges in the Reactor Power Calibration course. In this section, the students
were asked to find important information and determine the information that is a priority in the
calibration activities of the reactor power. There were representatives in which students were able to
determine influential information based on the description of challenges regarding reactor power
calibration and were able to determine priority information/ facts.

Then, Table 4 also shows the N-Gain value for the problem finding indicator is 0.46 in the
moderate category. It is the stage that the students performed on such indicators to identify all
possible problem statements and then select the most important or underlying problem. Figure 4 is a
representative answer from students on one of the questions items based on the problem finding

indicator.

Question: What problems do you think might be faced? Determine the main problem based on the
challenges you prioritize

Paossible problem:

1. How to determine the reactor power using the nuclear method.

2. How to determine the reactor power using the stationary calorimeter method.

3. How to determine the reactor power using the non-stationary calorimeter method.

Priority problem:

How to determine reactor power using non-stationary calorimeter method.

Figure 4. Student’s answer to determine the problem based on the description of the challenges in the
Reactor Power Calibration course

Figure 4 is the student’s answer to determine the problem based on the description of the
challenge in the Reactor Power Calibration course. In this section, the students were asked to formulate
the problem and determine the formula of the problem that is a priority in the calibration activities of
the reactor power. There were some students who were able to determine problems based on the
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description of challenges regarding reactor power calibration and were able to determine priority
information/facts.

The N-Gain value from Table 4 for the idea finding indicator is 0.37 in the moderate category.
The stage that the students performed on this indicator was to find a number of ideas or problem-
solving ideas. Figure 5 is a representative answer from students on one of the question items based on
the idea finding indicator.

Question: What ideas might be done to solve the problem? Please explain! Find your main idea based on the

problem you choose.

Possible ideas:

1. To determine the reactor power using the nuclear method by measuring the flux of neutrons in the
reactor core.

2. To determine the reactor power using the stationary calorimeter method is by measuring the
temperature of the water leaving and entering the reactor core

3. To determine the reactor power using the non-stationary calorimeter method is by measuring the rate of
rise of the tank water temperature at a constant reactor power level.

Selected main ideas:

To determine the reactor power using the non-stationary calorimeter method is by measuring the rate of rise

of the tank water temperature at a constant reactor power level.

Figure 5. Student’s answer to determine possible ideas based on the description of the challenges of the
Reactor Power Calibration course

Figure 5 is the students' answers to determine ideas that might be carried out based on the
description of the challenges in the Reactor Power Calibration course. Students were asked to find as
many ideas as possible to solve reactor power calibration problems and determine the main ideas to
be solved. In this section there were student representatives who were able to find three ideas based
on the description of the challenges regarding reactor power calibration and chose the main ideas to
be resolved.

The N-Gain value from Table 4 for the solution finding indicator is 0.12 in the low category. The
students selected thoughts or ideas to solve problems as performed on this indicator in this stage.
Figure 6 is a representative of the answers from students on one of the questions items based on the
solution finding indicator.

Question: Find the ultimate solution based on the problem you are facing!
Solution:
The solution to determine the reactor power using a non-stationary colorimetric method, is by using the

. _d@ _ dr
equation P = = Hdt.

Figure 6. Student’s answer to determine solutions that are carried out based on the problems faced by the
description of the challenges of the Reactor Power Calibration course

Figure 6 depicts the students' answers to determine possible solutions based on the description
of the challenges in the Reactor Power Calibration course. The students are asked to find solutions to
the calibration activity of the reactor power. In this section, most of the students were unable to
strengthen their ideas and formulate the main solutions for reactor power calibration.

N-Gain value from Table 4 for the acceptance finding indicator is 0.01 in the low category. The
stage that students undertake on this indicator is to find acceptance of problem solutions, formulate a
plan of action and implement the solution in solving problems. Figure 7 shows a representative answer
from students on one of the question items based on the acceptance finding indicator.
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Question: What are the strengths and weaknesses of the solution you offer? Please explain!
Strength: when measuring the temperature rise of the reactor water the reactor cooling system was not
operated

Figure 7. Student’s answer to determine the strengths and weaknesses of the solutions offered based on the
description of the challenges of the Reactor Power Calibration course

Figure 7 provides the students' answers to determine the strengths and weaknesses of the
solutions offered in the Reactor Power Calibration course. The students are asked to determine the
strengths and weaknesses of the chosen solution. Most students were unable to identify the strengths
and weaknesses of the solutions offered in reactor power calibration. They only wrote down the
strengths of the solution and did not write down the weaknesses of the solution offered.

Based on the results of the study, the N-Gain on objective, fact, problem, and idea finding
indicators is in the medium category. This shows that students have been able to form a good
understanding of the three indicators. The stages in the thinking process begin with the stages of
forming understanding, then forming opinions, and forming conclusions (Holt, 2018; Swanson &
Collins, 2018). In this case, the best effort the students can make is to prepare the preparation stage
well, which is to formulate important information about the description of the challenge and re-read
the description. It aims to establish the intention of the author using the information available in the
text and assisted by the previous knowledge and experience of the student (Yazdanpanah, 2007).

The N-Gain indicators of problem finding and acceptance finding are in the low category.
Students have difficulty finding ideas in solving problems using the right solution. People who can find
varied problem solving strategies are good problem solvers (Leung & Kember, 2003; Cheng et al., 2018).
Problem solving skills are the ability to find solutions through the process of obtaining and organizing
information (Hull et al., 2013). In problem solving skills, forming knowledge requires various cognitive
activities in obtaining and organizing information (Cheng et al., 2018; Wu et al., 2021). In solving
problems, involving previous and new knowledge, namely by activating previous knowledge with new
knowledge so that it can solve problems (Wu et al., 2021).

Conclusion

Based on the results of the study, the N-Gain results of students' problem-solving skills were 0.32
in the medium category. The N-gain results for each indicator of problem-solving skills in the medium
category are objective finding, fact finding, problem finding, and idea finding, and in the low category
are solution finding and acceptance finding. Thus, it is concluded that students' problem-solving skills
in nuclear physics course through NPIRL have increased. This research has limitations that was carried
out at a limited trial stage and the course was only on fission reactions. For further research, it can be
implemented in broader research and implemented in other higher-order thinking skills.
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