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Abstract

We carried out a study to improve students' problem-solving skills through
project-based learning (PjBL) on Archimedes' principle material. Subjects
consisting of 29 students were randomly selected to take part in learning with a
one-group pre-test post-test design. Data analysis used t-test analysis. The
research results showed that there was an increase in students' problem-solving
skills on the indicators of acceptance, problem, and fact findings, however the
low increasing on idea, and solution findings. The T-test analysis result shows a
significant difference in the average scores of the pre-test and post-test. This
shows that the implementation of PjBL on Archimedes' principle material can
improve students' problem-solving skills. Although in general, project-based
learning can improve students' problem-solving skills, this study is not optimal,
especially on idea and solution findings. The weakness of this research is that it
was only carried out in two meetings. This study can be implemented into further
project-based learning in several cycles to make the problem-solving skills to be
more trained well.

Keywords: Archimedes’ principle, Learning quality, Physics learning, Problem-
solving skills, Project-based learning.
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1.Introduction

Exploring students' problem-solving skills in the context of Archimedes’ Principle
through a project-based learning (PjBL) model provides valuable insights into
educational methodologies that enhance cognitive abilities and practical
understanding. PjBL emphasizes active learning, where students engage in hands-
on projects that require them to apply theoretical knowledge to real-world
problems. Recent research shows that PjBL is highly effective in science education
because it fosters critical thinking, collaboration, and the application of scientific
concepts in practical scenarios [1-3]. Studies indicate that PjBL enhances students'
problem-solving skills by promoting a deeper understanding of the subject matter.

PjBL can improve students' problem-solving skills by encouraging greater
cognitive flexibility. This cognitive flexibility allows students to approach
problems from various perspectives and apply multiple strategies to find solutions
[4, 5]. In the context of Archimedes' Principle, where understanding buoyancy and
fluid dynamics requires not only theoretical knowledge but also the ability to apply
this knowledge in practical experiments, PjBL has proven effective. The integration
of spatial reasoning skills further supports this, as students must visualize and
manipulate three-dimensional objects to grasp the principles involved [6]. PjBL
implementation also shows an increase in student engagement and motivation,
which are critical for effective learning. By participating in collaborative projects,
students are encouraged to take responsibility for their learning, leading to
increased autonomy and a sense of responsibility for their educational outcomes [7,
8]. However, the effectiveness of PjBL can vary depending on students' initial skill
levels and specific learning environments, with some studies indicating that certain
students might struggle with group dynamics or may not fully engage in
discussions, potentially hindering their learning experience [9].

To train problem-solving skills to students, of course, it must be adjusted to the
learning model used. Relevant research explains that to be able to train problem-
solving skills, you can use the PjBL model [10]. The PjBL model requires students
to be able to understand the problems they are facing and try to solve these
problems with products made either independently or in groups to make students
more active in the learning process, providing students with the readiness to be able
to face problems in real life. Thus, it encourages students to be interactive during
the learning process and encourages students to be more creative individually with
their surroundings [11-17]. This model can train problem-solving skills that enable
students to practice 2lst-century skills such as creativity, collaboration,
communication, and technological skills that can be used to solve problems in real
life [18-22].

This study aims to explore students' problem-solving skills in the context of
Archimedes' Principle through the application of a PjBL model. The focus is on
how PjBL can enhance students' understanding of fundamental concepts of
buoyancy and fluid dynamics and how these skills are applied in practical projects.
The scope of the study includes analyzing the impact of PjBL on problem-solving
and collaboration skills in science education. To be able to train students' problem-
solving skills on Archimedes' principle material well, indeed, a good design of each
activity or learning strategy is needed to provide treatment to students in the
learning process. Thus, we used the PjBL model, because that is appropriate for
physics learning [23, 24].
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The novelty of this study lies in the specific application of the PjBL model to
teaching Archimedes' Principle, an approach that has not been widely explored in
this context. This study not only tests the effectiveness of PjBL in improving
theoretical understanding but also evaluates how this model affects practical and
cognitive skills in buoyancy-based experiments. Thus, the study provides new
insights into how PjBL can be more effectively applied in science education. The
problem-solving skills of students are trained based on The Osborn Parnes theory
which focuses on creative problem solving, which consists of several main stages,
namely objective finding, fact-finding, problem finding, idea finding, solution
finding, and acceptance finding [25-27]. Static fluid material related to Archimedes'
principle. This material is suitable for use because it is the basic material that is
closely related to everyday life. Thus, it will make students think more and be able
to find problems and be able to solve them with the concepts and theories that will
be studied [28-30].

The hypothesis that PjBL enhances students' problem-solving skills in the
context of Archimedes’ Principle is based on evidence that active learning and the
application of theory in practical projects improve deep understanding and
cognitive flexibility. Research shows that students involved in PjBL can tackle
challenges and solve problems more effectively because they learn to view issues
from various angles and employ multiple strategies. Additionally, increased
motivation and engagement in collaborative projects contribute to the development
of better problem-solving skills.

2.Literature Review
2.1. Archimedes’ Principle

Archimedes’ principle is one of the most essential laws of physics and fluid
mechanics. The principle states an object immersed in a fluid is buoyed up by a
force equal to the weight of the fluid that it displaces. This principle, which is
perhaps the most fundamental law in hydrostatics, explains many natural
phenomena from both qualitative and quantitative points of view [31]. Derivation
of Archimedes’ Principle based on the variation of hydrostatic pressure Pf as a
function of depth of the fluid, Pf=Df gy, where Df is density of the fluid, y is the
depth, and g is the acceleration due to gravity. In this approach, an object of simple
geometry such as a rectangular or cylindrical block is considered and the net fluid
force due to the difference of hydrostatic pressure at the top and the bottom of the
block is calculated.

Consider a fluid of density Df and an object of arbitrary shape of mass m and
volume V, denser than the fluid. The fluid is in a container of cross-sectional
area A and has a height H before the object enters it. The object is supported by a
string and, at this time, the tension in the string is mg. Because fluid forces on the
side walls of the container cancel, before the object enters the fluid, the net
force F exerted by the fluid on the container is only due to the hydrostatic pressure
at the bottom of the container, which is given by F=DfgHA, when we lower the
object down into the fluid until it is submerged. This causes the height of the fluid
in the container to increase by 6H, where §H is given by §H=V A.

Therefore, the net fluid force on the bottom of the container increases by &F,
which is given by §F=Df g6HA=Df gV, which is exactly equal to the weight of the
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fluid displaced. Therefore, when the object enters the fluid, the level of the fluid
increases, and the container experiences an additional downward fluid force equal
to the weight of the fluid displaced by the object. The upward force from the
container-fluid system which is equal to the weight of the fluid displaced, Df gV'.
Consequently, the tension in the string would each be given by F=mg—DfgV,
which is exactly the apparent weight of the object. Figure 1 explains the difference
in density causing objects to sink or float or float.

IRON CORK WO0oD

Fig. 1. The difference in density causes floating objects to float and sink.

One of the applications of Archimedes' Principle was on Pontoon Bridges.
There are two types of this bridge, namely pontoon foundations and pontoon girders
Pontoon foundations is a separated pontoon bridges whereas the pontoon girders a
continuous pontoon bridges. Figure 2 explains the application of Archimedes'
principle to Pontoon Bridges [32].
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Fig. 2. Floating bridge; (a) pontoon girders, (b) pontoon foundation.

In an emergency, a pontoon bridge can be made by installing several tightly
closed empty drums in a row and placing planks on top for people to walk on. The
empty drums will float in the water because they have cavities filled with air inside.
That way, the density of the drum is smaller than the density of water. So, the
pontoon bridge can float. A pontoon bridge is a floating bridge that is supported by
a kind of pontoon to support the bridge foundation and the dynamic load above it.
Pontoon bridges are usually temporary structures, although some are used for a
long period. Permanent floating bridges are very useful for crossing waters where
it is considered uneconomical to build a bridge suspended from a pier. Such bridges
can have a raised or liftable section, for the passage of ships.
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2.2.Project-Based Learning (PjBL)

PjBL is an application of learning that focuses on students building knowledge
independently and being able to demonstrate new understanding obtained with
various forms of representation [33, 34]. In its implementation, educators will
become facilitators and managers of project learning. Students are required to be
able to play an active role in the learning process, will be faced with real problems
and can work individually or in groups and will be carried out within a certain
period [35, 36]. The main problem in PjBL is a real-life problem and is open-ended,
which means that the problem must be able to be solved practically and in an
unstructured manner.

The use of the PjBL Learning model will have greater potential to provide a
more interesting and meaningful learning experience for students. PjBL itself has
several characteristics, namely: (i) students make decisions and create frameworks,
(i) there are problems whose solutions have not been found before, (iii) students
design the process to achieve results, (iv) students are responsible for obtaining and
managing the information that has been collected, (v) students carry out continuous
evaluations, (vi) students regularly review what students do, and (vii) the final
results of learning in the form of products and their quality are evaluated. The
purpose of the PjBL learning model is to provide students with the ability to obtain
more efficient learning and knowledge [37-39]. Other previous studies about PjBL
are shown in Table 1.

2.3.Students’ Problem-Solving Skills

Problem-solving skills are the main goal in learning because problem-solving is a
cognitive activity involved in the learning process and this skill is related to aspects
of knowledge, thinking skills, and reasoning abilities. Problem-solving skills
include a person's ability to use cognitive processing to understand and solve a
problem, even when the method is not clear [40]. Problem-solving skills are
essential in the 21st century. Evaluation of students' problem-solving skills aims to
measure their readiness to face the challenges of this era. These skills are key to
creating innovative solutions to global problems, both those that exist today and
those that may arise in the future [41, 42]. In this skill, the problems given to
students are real problems. Thus, they will be able to train 21st-century skills. The
five-step creative problem-solving process was developed with the educational
purpose of enabling students to develop their creativity [43, 44]. This five-stage
process was used in a range of education programs in the US and became known
as the Osborn-Parnes creative problem-solving model. Table 2 serve other previous
studies about students’ problem-solving skills.

3.Method

This study used a quantitative descriptive approach, with a one-group pre-test-post-
test design. The research subjects were 29 students in the 11th grade of senior high
school, who consisted of 18 males and 11 females. Data analysis used paired
sample t-test, summary data statistic and wright map. The hypothesis that PjBL
enhances students' problem-solving skills in the context of Archimedes’ Principle
is based on evidence that active learning and the application of theory in practical
projects improve deep understanding and cognitive flexibility. Data was also
calculated using SPSS [45].
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Table 1. Previous studies about PjBL.

No. Title Ref.
1  Problem-based learning (PBL) and project-based learning (PjBL) in a [46]
continuously improving chemical engineering laboratory experience.
2 Critical thinking and collaboration skills on environmental awareness in  [47]
project-based science learning
3 A model for incorporating information literacy and collaboration in a [48]
project-based learning pedagogical exercise with application to a fluid
mechanics course
4  Developing stem project-based learning module for primary school [49]
teachers: a need analysis
5  The influence of project-based learning and problem-based learning [50]
models on science learning ability from the perspectives of learning
interest: project based learning and problem based learning
6  Effectiveness of project-based mathematics in first-year high school in [51]
terms of learning environment and student outcomes
7  The effectiveness of integrated science, technology, engineering and [52]
mathematics project-based learning module
8  The effects of project-based learning on student behavior and teacher [53]
burnout in an emotional/behavioral support classroom
9  Developing a project-based learning course model combined with the think—  [54]
pair—share strategy to enhance creative thinking skills in education students
10 The impact of a combination of flipped classroom and project-based [55]
learning on the learning motivation of university students
11  Temperature distribution in bio stove using saw dust: An integrated project-  [56]
based learning
12 Technology-supported project-based learning: trends, review and future [57]
research in science, technology and engineering education
13 Profile of communication skills of students in groups with the application [58]
of blended learning using project-based learning model
14 Interactive multimedia design of motion graphics using a project-based [59]
learning approach for vocational education students: experiments in
cooking Taliwang chicken
15  Student development: implementation of water rocket media as a project-  [60]
based learning tool to improve the literacy of junior high school students
during the pandemic
16  Application of project-based worksheets for making conditioner from aloe  [61]
vera (aloe vera 1.) to develop students' scientific performance
17 Implementing project-based worksheets on making kaolin soap with the [62]
addition of kefir curd to develop students' scientific performance in islamic
school

Table 2. Previous studies about students’ problem-solving skills.

No. Title Ref.

1  Evaluating metacognitive strategies and self-regulated learning to predict [63]
primary school students’ self-efficacy and problem-solving skills in science
learning

2 Problem-solving skills of high school students in chemistry. [64]

3  Studying the student’s perceptions of engagement and problem-solving [65]
skills for academic achievement in chemistry at the higher secondary level.

4  The effect of project approach-based science education program on [66]
problem-solving skills of preschool children
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No. Title Ref.

5  Enhancing Thai student-teacher problem-solving skills and academic [67]
achievement through a blended problem-based learning approach in online
flipped classrooms

6  The effect of an evidence-based practice course on students' lifelong [68]
learning skills and problem-solving skills: An educational intervention
study

7  The impact of realistic mathematics education on secondary school [69]
students’ problem-solving skills: a comparative evaluation study

8  Using lesson study to help mathematics teachers enhance students’ [70]
problem-solving skills with teaching through problem solving.

9  Effectiveness of realistic math education on mathematical problem-solving [71]
skills of students with learning disability

10 Improving problem-solving skills through technology assisted [72]
collaborative learning in a first year engineering mathematics course

11 The factors influencing 21st century skills and problem-solving skills: the  [73]
acceptance of blackboard as sustainable education

12 Impact on students’ problem-solving skills by making a magnetic safe box  [74]

4.Results and Discussion

Implementation of PjBL in physics learning occurs in two meetings on static fluid
material specifically on Archimedes’ principle. In the first meeting, the teacher
implements three syntaxes of PjBL, namely (i) start with the essential question, (ii)
design a plan for the project, and (iii) create a schedule step. In the second meeting,
the teacher implements the next three syntaxes of PjBL, namely (iv) monitor the
students and the progress of the project, (v) assess the outcome, and (vi) evaluate
the experience. The problem that teacher proposed on first meeting is a fishing
village and a village with a majority of wood craftsmen, separated by a river that is
not too wide and with a flow that is not too fast. The residents of both villages agree
to build a bridge to connect the two. They want to build the bridge economically
and efficiently while waiting for construction from the government. After studying
Archimedes' principle, help the residents to design the bridge. The relationship for
implementing the PjBL learning model to increase students’ problem-solving skills
is shown in Table 3.

Table 3. The relationship of PjBL and problem-solving skills.

Problem-solving

PjBL syntax Students’ activities .
skills
Start with the essential Identifying problems, formulating Fact-finding and
question goals, and gathering facts. Problem-finding
Design a plan for the Finding ideas and designing steps to  Idea-finding
project be taken.
Create a schedule Preparing a schedule of planned Idea-finding
activities to be carried out.
Monitor the students Developing solutions, and working Solution-finding
and the progress of the on projects.
project
Assess the outcome Making reports on the results of Acceptance-
activities to be presented. finding
Evaluate the experience  Presenting the report that has been Solution-finding

made, other students are asked to
provide responses
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This research was carried out in two meetings. In the first meeting, teacher start
with the essential question, and then teacher with student design a plan for the
project and create a schedule. For the first step, the teacher gave a problem and
students were asked to identify problems and gather facts. The teacher explained
Archimedes’ principles and asked the students to formulate goals. In this step, the
teacher was trained in fact and problem findings. Then, students were asked to
make a group, design a plan for the project, and create a schedule to train students
on idea finding. In the second meeting teacher monitors the students’ solution-
finding and the progress of the project. Students make reports on the results of
activities to be presented to train acceptance findings. Last, the teacher evaluates
the experience through students' presentations and other students’ feedback. This
step was to train students to generate solution findings. Table 4 explains the
relationship of problem-solving skills indicators in Archimedes' principle material.

Students can carry out project activities that have been designed and compile
project result reports, make presentations, and present the results of projects that
have been made. The implementation of activities that will be carried out on
students' problem-solving skills with the PjBL model is as follows. Figure 3 shows
the students’ solution findings to answer the teacher's question at the first meeting.
This idea was done collaboratively with four to five students in a group. This step
is done after students complete fact, problem, and idea finding collaboratively. For
acceptance findings, students in groups were asked to present their reports. Table 5
describes the test instruments that use the problem-solving skills indicator.

To find out students' problem-solving achievements regarding Archimedes'
principle, the teacher gives a final test with questions as stated in Table 5. The
instrument test covered the Osborn Parnes indicators of problem-solving. For the
problem-finding indicators, we proposed two questions to ensure the consistency
of students' understanding of the problem before moving on to the next step. Table
6 about the summary statistic result of person and item.

Fig. 3. Design of Pontoon Bridge from student.
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Table 4. Problem-solving skills indicators related to Archimedes’ Principle.

Indicators

Students’ activities on Archimedes’ principle

Fact finding

Problem

finding

Idea finding

Solution
finding

Acceptance
finding

Students do the discovery and establishment of the facts of an issue. The
Fact-finding phase ensures student gather enough data to fully
understand the problem. At this stage, students find all the known facts
and have a relationship with the situation. In this case, the facts about the
problems related to Archimedes' principle.

On this phase students allows to dig deeper into the problem and find the
root or real problem they want to focus on. Reframe the problem to
generate creative and valuable solutions. Students identify a disturbing
situation. In this case, students identify problems that arise from problem
orientation activities carried out by teachers related to Archimedes'
principle.

The student team allows to generate many options for addressing the
problem. At this stage, students develop various ideas or concepts for
solving problems.

The solution-finding phase allows students to choose the best options
from the ideas generated in the idea finding phase. Students can design
the project to be implemented, including the activity steps, and analyze
the project needs that will be used.

This phase is one of the aspects of mathematical creative problem
solving (CPS). The indicator of acceptance finding is characterized by
students’ ability to answer the question by using different methods. The
lower acceptance finding is shown by the tendency of the student to use
the same methods.

Table 5. Indicators of problem-solving

skills in instrument test of Archimedes’ Principle.

Problem-
solving skills

Question

Fact finding

Problem
finding

Problem
finding

Idea finding

A child weighs a stone using a spring scale. When weighed in the air,
the stone has a gravity of 100 N, but when it is put into a container of
water and then weighed, the gravity of the stone becomes 80 N. What
event causes this?

A piece of wood floats in a river. If the volume of the submerged wood
is 5 m? and the density of water is 1000 kg/m?. What is the upward
pressure (buoyancy)?

The weight of a box containing food in the air is 150 N, whereas if the
box is weighed in water, its weight will be 100 N. Based on this, what
is the density of the object?

Look at the following picture!

<

Picture of Pasirloa Pandeglang residents crossing the river using a raft
due to a collapsed bridge

The picture shows that no crossing route can be passed except by

crossing the river.
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Problem-

solving skills Question

If this happens to you, and you only find materials such as Drums and
planks. Then make a design of the solution that you propose to be able
to cross the river easily, referring to the Archimedes principle.
Solution Based on previous picture, create a design image of the solution you
Finding have created!
(1) Side view
(i) Top view
Acceptance Based on the solution finding, analyze the specifications of the
Finding equipment used and the amount of materials needed, then analyze them
mathematically. Thus, the product you propose can be sure to float!
Provide the maximum capacity of the load that can be transported to be
able to cross!

Table 6. The summary statistic result of person and item.

Person Item
Outfit Outfit
MNSQ ZSTD MNSQ ZSTD
Mean 1.00 0.05 1.00 -0.29
Standard error 0.04 0.10
Separation 1.62 4.48
Reliability 0.72 0.95

The result as shown in Table 6 indicates the outfit MNSQ value is 1.00 for both,
person and item, the implication for measurement is productive to measure because
the value is in the range of 0.5 to 1.5. The implication of measurement outfit ZSTD
if the value is in the range -1.9 to 1.9 meaning data have reasonable predictability.
Both outfit ZSTD calculation results meet this criterion. If a person's reliability <
0.8 it implies that the subject will categorize on two separations, namely high and
low. Item reliability is used to verify the item hierarchy. Item separation is 4.48 was
implies that the person sample is large enough to confirm the item difficulty
hierarchy of the instrument. So that, the item can be separated into high, medium,
and low difficulty. This study also found the item reliability is 0.95 which indicates
the instrument used has good construct validity. Normality test using Shapiro-Wilk
analysis provide result p 0.375 (> 0.05) so the data can assumption of normal. Table
7 about paired sample t-test results.

Table 7. Paired-sample t-test results.

N Mean  Std. deviation SE mean t Slg.' @-
tailed)
Pre-test 9.897 8.625 1.602
Post-test 29 50.83 18.85 3.49 133 28 0.000

The results of the t-test analysis based on Table 7, carried out showed that there
was a significant difference between the students' pretest and post-test results. The
average pretest score was 9.897 with a standard deviation of 8.625, while the
average posttest score increased sharply to 50.828 with a standard deviation of
18.845. The t-value for the pretest is 13.3, with a significance level of the p-value
is 0.000. This shows that there is a very statistically significant difference between
the pretest and posttest scores, which indicates that students experienced a
significant increase in ability after implementing the PjBL model.
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The significant increase in post-test scores shows that the PjBL model is
effective in improving students' problem-solving skills on the concept of
Archimedes' Principle. The implication is that through PjBL, students not only
learn theory but are also faced with real situations that require them to apply theory
to solve problems. This approach encourages students to be more active, critical,
and creative in thinking, which is reflected in higher post-test results.

The results of the pretest and posttest of problem-solving skills based on the
Osborn-Parnes theory are shown in Table 8. There is a difference between the pre-
test and post-test scores. The highest increase is in acceptance finding, and the
lowest is in solution finding.

Table 8. Pretest and posttest data on students' problem-solving skills.
Problem-solving skills Pretest Posttest Gain (d)

Fact finding 48.28 96.55 48.27
Problem finding 36.78 87.36 50.58
Problem finding 8.97 79.31 70.34
Idea finding 0.57 32.18 31.61
Acceptance finding 0 79.31 79.31
Solution finding 0 13.65 13.65

At the fact-finding indicator, students were able to find all known facts and have
a relationship with the situation. This achievement is categorized as high (student's
mean score was 96.55). At this stage, the main focus is to collect information
related to the problem at hand. This process includes identifying important facts,
data, and conditions that affect the problem. By understanding the context in depth,
the team can formulate the problem more precisely and prepare the next steps in
the problem-solving process. Fact finding ensures that the resulting solution is
based on a thorough understanding of the actual situation [75].

At the problem-finding stage, students identified problems that emerged from
the problem orientation activities carried out by the teacher related to Archimedes'
principle. Two items measure this ability. This posttest achievement is categorized
as high (student’s mean score was 83.33). After collecting facts at the fact-finding
stage, students analyze the information to find the focus of the problem [76]. This
stage opens up opportunities for each student to review the problem from various
perspectives. Thus, the problem faced can be defined more precisely and
specifically. This plays a very important role in determining the wright solution in
the next problem-solving stage.

The value that is not yet optimal is obtained at the idea-finding stage. Students
can not develop various ideas or concepts in solving problems. They proposed the
same idea, namely the pontoon bridge. This achievement is only categorized as low
(the student's mean score was 32.18). At this stage, students are facilitated to
produce as many ideas as possible without limiting creativity. Thus, this stage
opens up opportunities for students to produce various innovative and appropriate
solutions. Students will also sort and ultimately develop ideas that they think are
most relevant and appropriate to solve problems [77]. Idea finding helps open up
possibilities and ensures that the solution chosen is based on a broad exploration of
options. In other words, items are deemed less able to fit the student's abilities. This
is because students are not familiar with the scientific reasoning items and they are
not taught to answer these kinds of questions in school [78].
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In the acceptance finding section, students gained significant improvement.
Where students were able to design the project to be implemented, including the steps
of the activity, and analyze the needs of the project to be used. This achievement is
categorized as high (the student's mean score was 79.31). At this stage, students focus
on transforming selected ideas into applicable solutions. At this stage, the team
develops a concrete action plan to implement the resulting solution, including
identifying potential obstacles and finding ways to overcome them [79].

Low achievement occurs again in the last indicator, namely solution finding.
This can be seen that students were unable to carry out the project activities that
had been designed to compile project report results, make presentations, and
present the results of the projects that had been made. Only 6 people out of 29
students were able to answer this item, as shown in Fig. 4. Thus, the average
obtained was not good. This achievement is only categorized as low (student's mean
score was only 13.65). This stage is the stage where the ideas that have been
generated are evaluated and selected to find the best solution to the problem at hand.
This process involves critical analysis of each idea, including assessing its
advantages and disadvantages and considering factors such as feasibility, impact,
and potential for implementation.

Problem-solving skills are one of the important skills that students must have in
learning science, especially in understanding abstract physics concepts such as
Archimedes' Principle. By using the PjBL model, students are allowed to explore,
experiment, and find their solutions to the problems they face, which not only
improves their conceptual understanding but also critical thinking abilities. Figure
4 shows four students who had the minimum extreme score in the pre-test, but they
were passed the post-test and successfully involved in the high group.
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Fig. 5. Pretest and posttest data on students' problem-solving skills.

If viewed on students’ average scores, it can be displayed in Fig. 5. Figure 5 it
can see the average students’ problem-solving before and after taking PjBL, and
also visible the improvement. Two indicators of problem-solving skills are still low,
namely idea finding and solution finding. The ideas offered are less varied, and this
has an impact on the solutions developed which are also still limited. A complete
creative problem-solving process requires periods of divergent ideation alternating
with convergent evaluation and the ability to judge when each is appropriate [80].
The weakness of this research because it was only carried out in two meetings. It
needs to be a concern for teachers for the next learning. Participants may need more
time or a different approach to develop creative ideas and choose the right solution.

From Figs. 4 and 5, the PjBL model is effective in improving students' problem-
solving skills on the Archimedes Principle concept. The significant increase in student
abilities after implementing the PjBL model, as seen in the student's position in Fig. 4,
indicates that this approach can help students develop the critical and creative thinking
skills needed to solve more complex problems. Therefore, the application of PjBL in
physics learning, especially in challenging concepts such as Archimedes' Principle, is
highly recommended to improve student learning outcomes.

5.Conclusion

The results of this research are in line with the findings which state that PjBL has
a significant positive impact on students' problem-solving abilities. The significant
increase from pretest to posttest shows that this learning model is feasible to be
applied in teaching physics, especially on topics that require an in-depth
understanding of concepts such as Archimedes' Principle. Therefore, physics
teachers can consider implementing the PjBL model in their curriculum to improve
students' cognitive abilities and problem-solving skills. The research data obtained
conclude that there is an increase in problem-solving skills after the intervention or
training. In all aspects measured, namely fact finding, problem finding, idea
finding, acceptance finding, and solution finding, the posttest score showed a
significant increase compared to the pretest score. Although idea-finding and
solution-finding aspects showed a lower increase compared to other indicators,
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there was still a fairly striking improvement from the pretest score. This shows that
the intervention carried out succeeded in improving overall problem-solving skills.
Despite the increase, idea finding and solution finding still require special attention.
It can be considered to add more in-depth training sessions and focus on
brainstorming techniques and effective decision-making, to strengthen participants'
skills to develop ideas and choose solutions.
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