JPPIPA 10(5) (2024)

Jurnal Penelitian Pendidikan IPA

Journal of Research in Science Education

JPPIPA

B

i)

JURNAL PENELITIAN PENDIDIKAN IPA
IPPIPA (55N: 2407795

http:/ /jppipa.unram.ac.id/index.php/jppipa/index

The Analysis of Students” Problem-Solving Skills About
Temperature and Heat

Anderias Henukh?’, I Made Astra?, Selestina Kostaria Jua!, Aay Susilawati3

! Department of Physics Education, Faculty of Teacher Training and Education, Universitas Musamus, Merauke, Indonesia.
2Department of Physics Education, Faculty of Mathematics and Natural Science, Universitas Negeri Jakarta, Jakarta, Indonesia.
3 Department of Science Education, Faculty of Mathematics and Natural Science, Universitas Pendidikan Indonesia, Bandung Indonesia.

Received: December 11, 2023
Revised: February 21, 2024
Accepted: May 25, 2024
Published: May 31, 2024

Abstract: This journal reviews students' problem-solving skills after
participating in a problem-solving-based learning process. This study aims to
determine the student's problem-solving skills and social students who follow
a cross-interest program in physics. The study utilized a quantitative approach
with descriptive methods and a one-group pretest-posttest research design. The
research subjects were 29 students in class X Social 4 at SMAN Sambungmacan,
Sragen. In this study, students were asked to complete four question
descriptions after studying temperature and heat material. Student problem-
solving results were analyzed using a point system. The average and percentage
of student achievement were calculated for each problem and its stages of
problem-solving. Analysis of problem-solving skills data revealed that the
average percentage of students' problem-solving skills reached 65.3%. Based on
data analysis and results, all students' problem-solving abilities have improved
since the pretest. It is hoped that students will continue to be accustomed to
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solving problems using the stages of problem-solving in the future.

Keywords: Heat; Problem-solving skills; Temperature

Introduction

When discussing problem-solving, particularly in
the context of physics problems, many people assume
that physics is one complicated problem. Including
people involved in the field of physics, for example,
beginner teachers and students studying physics.
Usually, when solving physics problems, they make use
of experiences that they had before to solve problems
(Safitri et al., 2023). It means that they used similar
physics solutions to solve new physics problems. In
other words, they imitate how to solve problems from
one situation to another. If they used this method,
problem-solving might produce an appropriate goal.
However, not all problems can be solved this way, as it
does not train students to solve the problem well.
"Which equation do I use to solve the problem?" It
indicated that the students did not understand the
problem-solving strategy. Such questions demonstrate

How to Cite:

that the student's attention is focused on the appropriate
equation for problem-solving.

That was discovered in previous studies, where
students struggled to visualize the problem and identify
variables that supported problem-solving. It could be
due to students focusing more on the correct equation to
solve the problem (Damayanti & Yohandri, 2022; Jua et
al., 2018; Samsudin et al., 2023). The same thing was
discovered by Jayadi et al. (2020) who discovered that
among all stages of problem-solving skills, the ability to
identify = students' problems was the lowest.
Furthermore, many students tend to answer problems
using  established  equations  without  fully
comprehending the problem at hand. It is not about
using appropriate steps to solve the issue. Problem-
solving skills are not meant to reach the goal, but
problem-solving is a goal itself (Suharlan et al., 2023).

Another finding is that students are not prepared to
take physics lectures and do not understand the
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fundamental concepts, principles, and laws of physics
that will studied. Students often face difficulties
responding to teacher inputs and problem-solving
during learning process. Iftitah et al. (2023) and
Wahyuni et al. (2023) discovered in their research that
students who are eager to learn try to answer questions
posed by the teacher. As a result, before beginning
lessons, students should read ideas and basic concepts.
Self-prepared students can success by effectively solving
problems (Gusman et al., 2022, Kamala et al., 2022;
Lasaiba & Arfa, 2023).

Problem solving skills are a mental process and a
general feature of the human cognitive structure that
consists of four major activities: identifying,
comprehending, solving, and evaluating problems (Ling
etal., 2024; Woo & Falloon, 2022; Zunanda & Sinulingga,
2015). The essential point is that teachers must
familiarize students with the problem-solving stages.
Analysis of problem-solving skills helps in evaluating
the effectiveness of the education system. By
understanding the extent to which students can solve
real-world problems, it is possible to evaluate the extent
to which educational goals are achieved. Problem-
solving skills are not only relevant to the field of
education, but are also invaluable life skills. Analyzing
these skills helps in creating an educational environment
that supports the development of students' life skills
(Ahmar et al., 2023; Wong & Yip, 2023; Yuliasandra &
Wulandari, 2023).

Problem-solving skills enable students to adapt to
changes and face challenges that may arise in the future.
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Analyzing these skills helps measure the extent to which
students have this adaptability. By analyzing problem-
solving skills, educators can identify areas where
students may need additional assistance. This helps in
designing more effective and focused learning strategies
(Amalina & Vidédkovich, 2023; Li et al., 2023; Rocha &
Babo, 2024; Wang et al., 2023). The goal is to familiarize
students with the strategy and gradually assume that
problem-solving is the ultimate goal. If troubleshooting
in the usual way does not solve the problem, teachers
and students should be aware of looking for other
methods or troubleshooting steps.

Method

Research Approach

This study aims to evaluate and describe students'
problem-solving  abilities after learning about
temperature and heat, in addition to problem-solving
techniques. The first table depicts the problem-solving
stages and their indicators. As a result, the research
method employed is quantitative, with descriptive
research methods, and the research design is a one-
group pretest-posttest. Researchers prepare data or
instruments in the form of description test questions
based on the forgoing. The pretest data had already
analyzed in previous studies, so this study only used
students' posttest data. The results of the pretest analysis
can be applied when comparing to the results of the
posttest analysis (Astra et al., 2021a, 2021b).

Table 1. The Stages in Problem-solving and Development of Indicators

The Stages

Indicators

Understanding the problems

Planning the strategy
Implementing the strategy
Checking back

Identifying problems and converting the units of variables which was known;

Determining the variables being asked;

Visualizing the problem or identifying the variables which
Determining the theories and equations to solve problems
Using theory or equation to solve problems that asked

Re-examining the problem-solving procedure and the accuracy of the solution;

Re-checking the decrease of units in solving problems when and the suitability of the final

units with the variable which is being asked

Research Participants

Temperature and heat were the topics covered in
this study. The sample of research participants was not
selected at random classes but was chosen directly by the
physics teacher based on several factors, such as the
number of students being greater than in other classes,
students' readiness to learn the concepts of temperature
and heat, and the adjustment of research time.

Research Instruments
The instrument used is a temperature and heat
material description developed from high school

physics guidebooks and temperature and heat modules
developed by researchers. The description test
generated up to four questions about solid expansion,
gas expansion, black principle, and black body radiation.
Material experts, teachers, and peers validated the
temperature and heat description questions alongside
the temperature and heat module.

Data Collection

The posttest given after the students in class X
Social 4 had completed three face-to-face sessions or had
learned the temperature and heat material. The posttest
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given during the fourth meeting for two lesson hours.
The purpose of the posttest for the teacher is to
determine how well students understand the concepts of
temperature and heat. The researcher is interested in
how far students use the problem-solving steps as
taught. The teacher and researcher directly supervised
the posttest administration.

Data Analysis

Posttest problem-solving results of students were
analyzed by assigning points to each indicator of the
problem-solving skills stage. According to Table 1, there
are seven indicators from the four stages of problem-
solving skills. Each indicator has a maximum of 4 points
and a minimum of 0. So, a single description question is
worth 28 points, while four posttest questions are worth
112. The students' problem-solving abilities were
evaluated by summing up their points and calculating
the average and percentage using Equation 1. The
students calculated the percentage of each stage of

problem-solving. Following analysis, the percentage of
all.

Total student score per stage/indicator
X = - — x 100 (1)
maximum score per stage /indicator

Result and Discussion

Results of the First Research Objectives

Problem 1:

“Accidentally you burn a glass rod that is 20 cm long and
1 cm wide. As a result, the glass rod is expanding. The
area of the glass rod after burning reaches 22 cm. Can
you calculate the temperature increase which causes the
glass to expand? Coefficient of expansion of glass length
=0.5x105 / oC”

Problem 1 talks about the expansion of solid that is
widespread on glass. Students' achievement in solving
problem 1 with problem-solving skill steps reach 80,9%.
The following is an example of a student's work in
problem-solving one:

Dy: A, =22cm
Ag=20x1=20ecm
B=2a +2-05x107%

—107%

D, : AT

Dy : A, = Ag(1 + B AT)

22 = 20(1+ 107° AT)

2 s10sar
20

1,1=1+10"5AT
10°5AT=11-1
1075 AT = 0,1

AT =

o5 = 0.1 x 105 =10°

Figure 1. Almost flawless problem-solving procedure
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Dy: 4o =20cm
A, =22em
£ =10
Dy=-?
D3:Ar=%
Ao
21
10T x 10
1
~10-10°
=Fl_4=10"‘

Figure 2. The problem-solving procedure is less clear

Problem 2

“In a house, 2 liters of O gas are placed in a kitchen with
a temperature of 15 °C. Because the temperature in the
kitchen is very low, the owner of the house turns on the
furnace so that the temperature burns the kitchen
reaches 25 °C. If the pressure of Oz gas is fixed, can you
calculate the volume of O gas now?”

Problem 2 talks about the gas expansion at constant
pressure. Student achievement when solving problem 2
reached 63,6%. The following is an example of a
student's work in terms of the process of solving
problem number two:

V, =2L
T; = 15°C — 15+ 273 = 288K
5, =25°C— 25+ 273 = 298K
P tetap
V.2
P W Py Vy
SNE SRS S
Ty T2
W b
T, T
2 _ Va2
288 298
298-2=V,-288
596 =V, - 288
596

Va=soo=207L

Figure 3. The second coherent process of problem-solving

i W
LT
2 W
1525
15V, =2-25
_2:35 50,
2575 T o

Figure 4. The second process directly uses the equation

Problem 3

“You put ice of M gram -5 °C temperature into 100 grams of
warm water at 25 °C in a special vessel. The vessel doesn’t
absorb and it does not release the heat. If L¢ e = 80 kal/g °C
and cwater=1kal/g°C. all the ice melts and thermal equilibrium
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is achieved at a temperature of 5 °C. Can you estimate the mass
(M) of the ace you are using, using existing data?”

Problem 3 deals with the concept of the black
principle. Students' achievement in solving problem 3
reached 66.1%. Examples of student work are shown as
follows:

Es Air

m gram m = 100gr
T=-5C T =25C
L., = sokal/,

Cos = U,Sk“'(/gcc Coir = 1"("1/‘9.:(:
Semua es mencair
T.=5C
Q!-pn: = Qrerima
m-c AT =m-c-AT+m-L+m-c-AT
My €q " ATy = M{Cpq " ATy + Log + co * AT,)
100-1-20 = M(0,5-5+80+1-5)
2000 = M(2,5+80+5)
2000 = M(87,5)

_2000_ )86
=g75 = 2286gram

Figure 5. The process of problem-solving three which correct

Dy, = T,, = —5°C

Mg, = 100gr
Tair = 25°C
Lf., = 80 kai/g
Car =1 kra/_g"c
T=5%C
Dy wmy, =7
Qair = Qes

Mair * Cair(Tair — T) = Mg * Lfas + Mgy Caip(T — Tos)
100 1(25—5) = my; - 80 + mys - 1(5+5)
100(20) = m,, - 80 +m,,(10)
2000 = 80m,, + 10m,,
_ 2000

=——=222
Mes 30 g

Figure 6. The process used to solve problem 3 is wrong

Problem 4

“ A sphere with an area of 2 x 10> m? is like a black object
having a temperature of 500 K. can you calculate how
much heat is emitted from a black ball? § = 5,67 x 108
watt/m?K¥”

Problem 4 talks about the radiation of black objects.
Student's achievement in problem-solving 4 reached
50.4%. Most students solve problem 4 in the following
way:

D,: a=2x10"%
T = 500K
B =5,67x 1075
D,:Q=--?
Dy:Q=a*'B-T
=2x107%-567 x 1075+ 500K
=567%10"%)

Figure 7. The process of problem-solving 4 by students
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Figure 8 also shows a percentage comparison of
each stage of students' problem-solving skills between
the pretest and posttest.

Checking back 64,8

m Implementing the 82,5

g(;o strategy

& B Posttest
]

<

& Planning the strategy 895 m Pretest

85,3

Understanding the 704

problems 44,6

0 50 100

Percentage of student achievement

Figure 8. A comparison of students' problem-solving skills
before and after the pretest and posttest

Discussion of the First Research Objectives

Figure 1 shows the best result of student problem-
solving, although some steps of problem-solving skills
remain unmet. It shows that students understand the
problem area. Students can declare the known amount
or variable and the problem asked. The student's skill in
understanding the problem is also shown by processing
the initial data to obtain the value of the expansion
coefficient area (P) as the supporting variable of
problem-solving. In addition, students define theories
and equations to solve problems appropriately. Students
also apply the equation well. Thus, the steps of problem-
solving here may produce the appropriate objectives.
However, students do not check the unit of the declining
process again when solving the problem. Thus, students
forget about the unit that corresponds to the problem
asked on implementation of the strategy until the
problem-solving results (Giacomazzi et al, 2022;
Prabasari & Wahyuningsih, 2021; Rocha & Babo, 2024).

Figure 2 is one example of less precise problem-
solving skills. The result suggests that students still do
not understand the problem well. The proof is that
students can only state a known issue but do not
understand the subject in the question. The ways
students identify problems like this confuse the teacher
because the teacher cannot determine whether the
students understand the problem or don't understand it.
They stated that teachers have difficulty guessing
whether students understand the problem because the
student does not write down the variables that are asked
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(Pardimin & Widodo, 2016). In addition, problem-
solving strategies used by students to solve problems are
inappropriate. The strategy implementation carried out
according to the plan mentioned above, but the variables
used are not clear as to where they came from. However,
results varied according to the purpose of the
troubleshooting. It means this student has not been able
to solve broad expansion problems using stages of
problem-solving skills.

In Figure 3, students use the steps of problem-
solving skills well. Students describe the known
variables and convert units from Celsius to Kelvin.
Students also clarified the variable asked. In addition,
students use and describe appropriate equations to solve
problems. Thus, the final result of the problem-solving
matches the variable being asked. However, students do
not represent the unit when implementing a problem-
solving strategy and immediately write down the team
at the end of the problem-solving. In Figure 4, students
directly write the equation to solve the problem without
implementing the stage of understanding the first
problem. As a result, the variables used at the strategy
implementation stage are less appropriate because they
are not the result of the conversion unit, and the
problem-solving consequence is wrong. In addition,
students also do not describe the team. Thus, the units
declared by the student at the problem-solving end are
less appropriate (Arzak & Prahani, 2023; Dewi et al,,
2023; Winingsih et al., 2023).

The phase of understanding the problem is critical
because it becomes the basis for solving the problem
itself. Problem understanding is the process identifying
variables and the conversion unit related to the
principles outlined in physics. For example, the
temperature unit for the force must be in Kelvin. If a
student does not convert the units based on the
predefined principles, there will be errors in unit
placement when executing the strategy. As a result, the
final problem-solving results do not match the variables
being asked, and the students' problem-solving skills are
considered weak. This supported by Ogunleye's
statement, which states that the weakness of students in
solving problems is due to the student's lack of
understanding of the problems and weak physics skills
(Ogunleye, 2009).

Students' habit of directly using the equation to
solve problems can be fatal at the end of problem-
solving. For example, the final result of problem-solving
is not correct. This is consistent with the findings, which
say that students directly used solutions in their
mathematical solutions (Walsh et al., 2007). Such
processes may produce the correct answer. However, all
physics problems cannot be solved in this way. In
addition, a coherent unit in executing strategies is
helpful in convincing students themselves about the
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correctness of problem-solving. A cohesive unit
demarcation convinces students about the suitability of
the problem-solving answers with the variables being
asked.

If observed briefly, the problem-solving process in
Figure 5 and Figure 6 looks the same. Both students have
a clear understanding of the problem. The difference is
that the students whose work is shown in Figure 5,
identify the heat released by water and the heat
absorbed by the ice, so that they can conclude that all the
ice melts. The heat type generally set at 0.5 kcal/g °C. In
addition, the student also describes the Q release and Q
receive equations by considering the process of changing
the form of ice from -5 °C to ice at 0 °C. Students'
consideration in this process causes them to identify the
variables that have not been stated yet to help them solve
the problem. Figure 6 displays issues that were not
identified during problem-solving. As a result, in Figure
6, the student's approach to problem-solving is less
appropriate.

Understanding students' concepts is crucial some of
the problems listed above. Their problem-solving
process is shown in Figure 6, and it still lacks an
understanding of the basic concept of the black
principle, especially in the heat transfer process between
water and ice. The student whose problem-solving
process is shown in Figure 5 considers some problems
above because of the student's conceptual
understanding of the principle. Above statement
supported by the findings, which state that when
students understand the underlying concepts of the
problem, they can collect facts and information to solve
it (Kurniawan et al., 2016), as well as students must
know how to apply two types of knowledge, namely
conceptual and procedural knowledge, to solve
problems (Rahayu & Adistana, 2018). Based on these
findings, students need to understand and master the
physics concepts they learn to be more helpful in solving
physics problems.

The students have a good understanding of the
problem, particularly the indications that indicate
known variables and variables asked. However,
students do not recognize the situation. For example, a
ball is like a black object with an emissivity value of 1.
Next, the student is less appreciative of planning a
problem-solving strategy. They have not identified
emissivity materials, so they do not include emissivity in
strategic planning. In addition, the rate of radiation of
heat energy is not proportional to the surface area of the
ball. It is also proportional to the cube of four for
absolute temperature. Students do not consider it and
use a known temperature value when implementing a
problem-solving strategy. As a result, the problem-
solving result does not match the target in question.
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Students did not identify the supporting variables
and plan the strategy properly because they did not
understand the fundamental concept of black body
radiation. Several factors should be considered before
using the equation to solve the problem. The students
must declare an important variable to solve the problem;
Students should find out which concepts or principles of
physics can be applied to determine those variables.
Students should seek out what information is needed to
solve the problem. In other words, identifying the
supporting variables of problem-solving and
understanding the principles of physics are essential to
helping to solve problems (Giacomazzi et al.,, 2022;
Senocak & Demirkiran, 2023). If students understand the
concepts of physics involved in solving problems, they
will understand the problems presented to them. Thus,
the problem is easy to solve and can achieve results that
match the purpose of solving the problem.

Students face obstacles in problem-solving,
including grasping basic concepts, identifying problems,
analyzing strategies, revisiting the problem-solving
process, and other factors. All these things are significant
for students when solving physics problems in the
learning process and dealing with issues in everyday
life. The more skilled the student is in solving the
problem, the more satisfactory the result will be for the
student himself and others. The above statement is
supported by the findings, which state that the ability to
solve problems, including incredibly complex problems,
must be possessed by humans (Fryda et al., 2021). It
means that students must continue or try to practice
these skills because, in the future, they will increasingly
complex problems.

Conclusion

The From the results and explanations regarding
students' problem-solving skills above, the average
value of student achievement in solving temperature
and heat problems with expansion material, black
principle, and radiation reaches 65.3%, so it can be
concluded that students are still not optimal in solving
problems. Therefore, students must continue to be
educated and accustomed to solving problems using the
stages of problem-solving skills so that their' problem-
solving skills improve.
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